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DATA HANDBOOK SYSTEM

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three
series of handbooks, each comprising several parts.

The three series, indentified by the colours noted, are:

Electron tubes blue
Semiconductors and Integrated circuits red
Components and Materials green

The several volumes contain all pertinent data available at the time of publication,
and each is revised and reissued annually.

We have made every effort to ensure that each series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source
of reference. You will understand that we can not guarantee that all products listed
in any edition of the handbook will remain available, or that their specifications will
not be changed, before the next edition is published. If you need confirmation that
the published data of any of our products are the latest available, therefore, may
we ask that you contact our representative. He is at your service and will be glad
to answer your inquiries.



This volume is a part of the (blue) series "Electron Tubes' issue 1967/68
The complete series will contain the following parts:

Latest issue Previous issue

PART 1 Transmitting tubes
Tubes for R.F. heating
High-voltage rectifiers
Associated accessories

Dec. 1967

PART 2 Tubes for microwave equipment Jan. 1968

PART 3 Special Quality tubes

Miscellaneous devices Febr. 1968

PART 4 Receiving tubes

T.V. picture tubes Nbemailly LD

PART 5 Cathode-ray tubes May 1967
Photo tubes
Camera tubes
Photoconductive devices
Associated accessories

PART 6 Photomultiplier tubes Part 5, May 1967
Radiation counter tubes Part 6, Aug. 1967
Scintillators Part 5, May 1967
Semiconductor detectors =
Miscellaneous nuclear devices Part 6, Aug. 1967

PART 7 Voltage stabilizing and reference tubes
Counter -, selector-, and indicator tubes
Trigger tubes
Switching diodes Part 6, Aug. 1967
Thyratrons
Ignitrons
Industrial rectifying tubes
High-voltage rectifying tubes ) Part 1, Dec. 1967

This handbook does not give information on delivery or terms.
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LIST OF SYMBOLS

Symbols denoting electrodes and electrode connections

Heater or filament i
Cathode k
Grid g

Grids are distinguished by means of an additional
numeral; the electrode nearest to the cathode
having the lowest number.

Deflection plates intended for deflection in horizon- X1, X2
tal direction.

Deflection plates intended for deflection in vertical Vi»¥2
direction.

Sectioned deflection plates are indicated by an
additional decimal e.g. yj.1y1.2andy2.]192.2

External conductive coating m
Fluorescent screen [
Tube pin which must not be connected externally LGy
Tube pin which may be connected externally N:Cle

Symbols denoting voltages

Symbol for voltage, followed by an index denoting \Y
the relevant electrode.
Heater or filament voltage V¢
Peak value of a voltage \Y D
Peak to peak value of a voltage Vop
772 5887
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Symbols denoting currents

Remark I The positive electrical current is di-
rected opposite to the direction of the
electron current.

Remark II The symbols quoted represent the av-
erage values of the concerning cur-
rents unless otherwise stated.

Symbol for current followed by an index denoting
the relevant electrode.

Heater or filament current

Symbols denoting powers

Dissipation of the fluorescent screen

Grid dissipation

Symbols denoting capacitances

See I.E.C. Publication 100.

Symbols denoting resistances

Symbol for resistance followed by an index for the
relevant electrode pair. When only one index is
given the second electrode is the cathode.

When R is replaced by Z the "resistance should
read "impedance"

Symbols denoting various quantities

Brightness
Frequency
Magnetic field strength

Deflection factor

gz ™ @
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GENERAL OPERATIONAL RECOMMENDATIONS
CATHODE-RAY TUBES

GENERAL

Unless otherwise stated the data are given for a nominal tube.

LIMITING VALUES

Unless otherwise stated the tubes are rated according to the absolute maximum
rating system.

HEATER

Parallel operation

The heater voltage must be within +7 % of the nominal value when the supply
voltage is at its nominal value, and when a tube having the published heater
characteristics is employed.

This figure is permissible only if the voltage variation is dependent upon more
than one factor. In these circumstances the total tolerance may be taken as the
square root of the sum of the squares of the individual deviations arising from
the effect of the tolerances of the separate factors, providing no one of these
deviations exceeds +5 %. Should the voltage variation depend on one factor only,
the voltage variation must not exceed +5 %.

Series operation

The heater current must be within £5 % of the nominal value when the supply
voltage is at its nominal value and a tube having the published heater character-
istics is employed. This figure is permissible only if the current variation is
dependent upon more than one factor. In these circumstances the total tolerance
may be takenas the squareroot of the sum of the squares of the individual devia-
tions arising from the effects of the tolerances of the separate factors, providing
no one of these deviations exceeds 3.5 %. Should the total current variation
depend upon one factor only, the current variation must not exceed 3.5 %.
When calculating the tolerances of associated components, the ratio of the change
of heater voltageto the change of heater current ina typical series chain includ-
ing a cathode ray tube is taken as 1.8, both deviations being expressed as per-
centages.

772 5879
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HEATER (continued)

With certain combinations of valves and tube, differences in the thermal inertia
may result in particular heaters being run at exceedingly high temperature dur-
ing the warming up period. During this period unless otherwise stated in the
published data, it is permissible for the heater voltage of the tube to rise to a
maximum value of 50 % in excess of the nominal rated value when using a tube
with the published heater characteristics. A surge limiting device may be neces-
sary in order to meet this requirement. When measuring the surge value of
heater voltage, it is important to employ a peak reading device, such as an os-
cilloscope.

In addition to the quoted above, fluctuations in the mains supply voltage not ex-
ceeding +£10 % are permissible. These conditions are, however, the worst which
are acceptable and it is better practise to maintain the heater as close to its
published ratings as possible. Furthermore in all types of equipment closer
adjustment of heater voltage or current will react favourably upon tube life and
performance.

CATHODE

The potential difference between cathode and heater should be as low as possible
and in any case must not exceed the limiting value given on the data sheets for
individual tubes. Operation with the heater positive with respect to cathode is
not recommended. In order to avoid excessive hum the A.C. component of the
heater -to-cathode voltage should be as low as possible e.g. less than 20 Vypg.
When the heater is in a series chain or earthed, the 50 c¢/s impedance between
heater and cathode should not exceed 100 k€2. If the heater is supplied from
separate transformer windings the resistance between heater and cathode must
not exceed 1 MS2.

ELECTRODES

In no circumstances should the tube be operated without a D.C. connection
between each electrode and the cathode. The total effective impedance between
any electrode and the cathode should be as low as possible and must never be
allowed to exceed the published maximum value.

ELECTRODE VOLTAGES

Reference point for electrode voltages is the cathode. For cathode drive service
the reference point is grid No.1.

Grid cut-off voltages

Values are givenfor the limits of grid cut-off voltage per unit of the first accel-
erator voltage. The brightness control voltage should be arranged so that it can
handle any tube within the limits shown, at the appropriate first accelerator
voltage. 722 5880




First accelerator voltage

The firstaccelerator electrode of a so called unipotential lens provides by apply-
ing a fixed voltage independent focus and brightness control:. Care should be
taken not to exceed the maximum and minimum limits for reasons of reliability
and performance.

Deflection blanking electrode voltage

The mean potential of the deflection blanking electrode should be equal to that of
the first accelerator.

If applicable the voltage difference (AVgg) given in the data should be applied to
the beam blanking electrode to obtain beam blanking of a stated beam current for
all tubes of the relevant type.

Focusing voltage

The focusing electrode voltage limits are given in the data. The focus voltage
supply should be arranged such that it can handle these limits, so that in any tube
the cross-sectional area of the electron-beam on the screen can be optimally
displayed. As the focus current is very limited a high resistance series chain
may be used.

Astigmatism control electrode voltage

To achieve optimum performance under all conditions it is desirable to apply a
voltage for control of astigmatism (a difference in potential of this electrode and
the y plates). The required range to cover any tube is given in the relevant data.

Beam centring electrode voltage

The beam centring electrode facilitates the possibility to centre the scan in x-
direction with respect to the geometric centre of the faceplate by applying a volt-
age, the limits of which are given in the relevant data, to this electrode. Opti-
mum condition is obtained when the brightness at both left and right edges of the
scan are equal.

Deflection plate shield voltage

It is essential that the deflection plate shield voltage equals the mean y plates
voltage.

Geometry control electrode voltage

By varying the potential of this electrode the necessary range of which is given
in the relevant data the possible occurrence of pin-cushion and barrel-pattern
distortion can be controlled.

772 5881

11 10R"7



(I

Deflection voltages

For optimum performance it is essential that true symmetrical voltages are
applied. It should further be noted that the mean x and y plate potentials must be
equal. Moreover the deflection plate shield voltage, the mean astigmatism con-
trol voltage, if applicable the mean beam centring electrode voltage and the geo-
metry electrode voltage should also be equal to the mean x and y plate potentials.
If use is made of the full deflection capabilities of the tube, the deflection plates
will intercept part of the electron beam near the edge of the scan. Therefore a
low impedance deflection plate drive is necessary.

Raster distortion and its determination

Limits of raster distortion are given for most tubes.

A graticule, consisting of concentric rectangles is aligned with the electrical
x axis of the tube. The edges of a raster will fall between these rectangles with
optimum correction potentials applied.

Measuring procedure:
a) Shift the x-trace to the centre of the graticule.
b) Align horizontal centre line of graticule with the centre line of the x-trace.

c) Shift x-trace vertically between resp. upper and lower two horizontal lines of
graticule.
The centre of the x-trace now will not fall outside the area bounded by the
horizontal graticule lines.

d) Without moving the graticule, switch to a vertical trace and shift this trace
horizontally (resp. left and right) between the pairs of vertical lines of the
graticule, and also now the centre of the y-trace will not fall outside the area
bounded by the vertical graticule lines.

e) Focus and astigmatism will be adjusted for optimum performance.

f) Pattern geometry correction will be adjusted for optimum performance in the
sense of minimizing simultaneously the deviation of the centre of x- respec-
tively y-trace.

Linearity

The linearity is defined as the sensitivity at a deflection of 75 % of the useful
scan with respect to differ from the sensitivity at a deflection of 25 % of the use-
ful scan. These sensitivities will not differ by more than the indicated value.

Post deflection shield voltage

In order tooptimize contrast in mesh tubes a fixed negative voltage with respect
to the geometry control electrode voltage should be applied. The range is given

in the data. 772 5882




Helix resistance

In order to calculate the high tension supply a minimum resistance is given in
the data.

Final accelerator voltage

Tubes with PDA are designed for a given final accelerator voltage to astigmatism
control electrode voltage ratio. Operation at higher ratio may result in changes
in deflection uniformity and pattern distortion.

High tension supply

In order to avoid damage of the screen it is important that prior to the high ten-
sion a deflection voltage e.g. the time base voltage is applied.

LINE WIDTH

Shrinking raster method. Conditions as given in the relevant data.

Focus and astigmatism potentials should be adjusted for optimum performance.
Optimum performance is that adjustment which will simultaneously minimize the
horizontal and vertical trace widths at the centre of the useful scan.

The raster shall be compressed until the line structure first disappears or be-
gins to overlap or show reverse line structure.

The line width is equal to the quotient of the width of the compressed pattern
transverse to the line structure divided by the number of lines which are being
scanned.

In older types the line width is measured on a circle with the aid of a micros-
cope.

CAPACITANCES

Unless otherwise stated the values given are nominal values measured on a cold
tube on the tube contacts. The contacts and measuring leads or sockets being
screened.

MOUNTING

Unless otherwise stated the mounting position is any. However, the tube should
not be supported by the base alone and under no circumstances should the socket
be allowed to support the tube.

To avoid dangerous glass strain care should be taken when installing the tube.

Shielding

The tubes must be shielded against electrical and magnetic fields.
Special attention should be paid to the mounting of transformers, coils etc.

772 5883
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SCREEN

To prevent screen burn stationary or slow moving spots together with high screen
currents should be avoided.

If measurements are to be made under high ambient light conditions it is advis-
able to use a contrast improving filter and or a light hood.

TRACKING ERROR

Tracking is the ability of a multigun tube to superimpose simultaneously infor -
mation from each gun.

Tracking error is the maximum allowable distance between the displays of any
two guns.

772 5884




RATING SYSTEMS

( in accordance with L.LE.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life,
no absolute-maximum value for the intended service is exceeded with any device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

Design-maximum rating system

Design-maximum ratings are limiting values of operating and environmental
conditions applicable to a bogey electronic device of a specified type as defined
by its published data, and should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking responsibility for the effects of changes in oper-
ating conditions due to variations in the characteristics of the electronic device
under consideration.

The equipment manufacturer should design so that, initially and throughout life,
no design-maximum value for the intended service is exceeded with a bogey
device under the worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, variation in characteristics
of all other devices in the equipment, equipment control adjustment, load vari-
ation, signal variation and environmental conditions.

772 5065
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Design-centre rating system

Design-centre ratings are limiting values of operating and environmental con-
ditions applicable to a bogey electronic device of a specified type as defined by
its published data, and should not be exceeded under normal conditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device in average applications, taking responsibility for normal
changes in operating conditions due to rated supply-voltage variation, equipment
component variation, equipment control adjustment, load variation, signal vari-
ation, environmental conditions, and variations in the characteristics of all
electronic devices.

The equipment manufacturer should design so that, initially, no design-centre
value for the intended service is exceeded with a bogey electronic device in
equipment operating at the stated normal supply-voltage.
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NOMENCLATURE

Two type nomenclature systems are currently in existance for our C.R. tubes.
All future tubes will have numbers in the ''new system', earlier tubes will
retain numbers in the "old system".

NEW CODE SYSTEM

The type number consists of a single letter followed by two sets of figures ending
with one or two letters.

The first letter indicates the prime appplication of the tube.

- Television display tube for domestic application

- Oscilloscope tube - single trace

- Oscilloscope tube - multiple trace

- Radar display tube - direct view

Display storage tube

- T.V. display tube for professional application - direct view

- Display tube for professional application - projection

O "z O W E O R

- Flying spot scanner

The first group of figures indicates the diameter or diagonal of the luminescent
screen in cm.

The second group of figures is a two- or three figure serial number indicating a
particular design or development.

The second group of letters indicates the properties if the phosphor screen.
The first letter denotes the cclour of the fluorescence or phosphorescence in
the case of long or very long afterglow screens.

The second letter of this group is a serial letter to denote other specific differ-
ences in screen properties.

For the standard television tube phosphors, the letters 'W' and 'X'areused with-
out a second letter.
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A - Purple - reddish purple - bluish purple

B - Blue - purplish blue - greenish blue

D - Blue green

G - Green - bluish green - yellowish green

K - Yellow - green

L - Orange - Orange pink

R - Red - reddish orange - red purple - purplish red - pink - purplish pink
Y - Yellow - greenish yellow - yellowish orange
. W - White screen for T.V. display tubes

X - Three-colour screen for T.V. display tubes
OLD SYSTEM

The type number consists of two letters followed by two sets of figures.
The first letter indicates the method of focusing and deflection:

A - Electrostatic focusing and electromagnetic deflection

B - Electrostatic focusing and electrostatic deflection

M - Electromagnetic focusing and electromagnetic deflection
The second letter indicates the properties of the phosphor screen.

See also section "Screen Phosphors"
The first group of figures:

for round tubes: screen diameter in cm

for rectangular tubes: screen diagonal in cm

The second group of figures denotes the serial number.
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SCREEN PHOSPHORS AND
INDUSTRIAL CATHODE-RAY TUBES

CHOICE OF SCREEN

When a cathode ray tube is chosen for a particular application, the designer of
the apparatus bases his choice on a number of factors; for example, screen
shape and size, the operating potentials that will be available, and the screen
characteristics. He may find that the required physical and electrical configu-
ration is provided by a number of tube types which employ different screen
phosphors, so that he will. have to choose between one phosphor and another. In
any event, the performance obtainable from the screen is of major importance,
since the purpose of any cathode ray tube application is the provision of a suit-
able display.

Here the relationship between screen characteristics and the requirements of
the main groups of applications will be discussed. The suitability of particular
screen types is considered in terms of operating conditions that will be met and
the performance that must be achieved.

The ultimate choice is determined by the detailed requirements of each specific
application; therefore, in addition to general guidance, the methods of calcu-
lating the performance that will be obtained under given conditions are included.
The calculations take into account the characteristics of the screen, the oper-
ational requirements, the nature of the viewing device, and the effect (where
the screen is viewed by the eye) of the external viewing conditions.

GENERAL REQUIREMENTS

The three major screen properties - energy conversion efficiency, persistence,
and spectral distribution - should be those most suitable for the application.
Where there is any degree of conflict between one requirement and another, the
best compromise must be achieved. The performance of the screen should be
reasonably constant throughout the range of beam currents that is likely to be
met.

These general requirements will be discussed in relation to the main groups
of cathode ray tube applications. These are:

1. Raster type applications, in which the writing speed is generally constant but
the beam current is modulated to produce variation of light and shade.

2. Oscilloscope applications, in which the beam current is usually constant
during a trace but the writing speed may vary. 772 5898
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3. Radar applications
4. Flying-spot scanners

5. Storage applications

SCREENS FOR RASTER TYPE APPLICATIONS

A number of different screens are available for raster type displays. Those
which are most suitable for the main sub-groups of this group of applications
are indicated in the following notes.

Monitors and Viewfinders

Monitoring and viewfinding systems in television studios operate at the same
field repetition frequency and timebase speed as the broadcast channel, and
their screen requirements are substantially the same as those of domestictele-
vision tubes. The repetition frequencies are such that persistence of vision and
the persistence of the screen obviate flicker. The persistence must not be suf-
ficiently great to smear the images of moving objects.

In monochrome television systems, white fluorescence is used, for aesthetic
reasons. The W type screen is widely established for domestic viewing tubes
and studio monitors and viewfinders.

Closed Circuit Systems

Where closed circuit monochrome television systems make use of normal tele-
vision field and line speeds, screens with W phosphor are suitable.

In some systems, however, other speeds are used. If the scanning speed is low,
the screen must have a persistence which is long enough to minimise flicker,
and a long-persistence screen such as type LA, LD or LC must be used in order
to maintain a complete picture.

Data Transmission

Since the images to be transmitted are, in general, stationary, the information
does not need to be modified at the same rate as television picture information.
The field repetition frequency and the bandwidth can be reduced, and transmis-
sion over lines is relatively simple. At repetition frequencies down to five fields
per second a tolerable freedom from flicker is achieved with the cadmium chlo-
ro-phosphate phosphors that are used, for example, in the LA screen. For even
lower frequencies, the LD screen is recommended. This screen, it should be
noted, has a relatively low power-loading limit, and care must be taken to avoid
burning.
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Telerecording

A major limitation to the quality of telerecording is the difficulty of both pulling
the film through the camera gate and operating the shutter in the field flyback
time. In early systems, the first field of the interlaced picture was used for
these operations; therefore only half the information was recorded.

To overcome this limitation, the information from the first field is stored in }

the screen of the cathode ray tube during the time that the shutter is closed.
The film is pulled through the gate and the shutter is opened. The second field
is then imposed on the stored field on the screen. The stored information of the
first field will, of course, have lost some of its initial luminance; therefore the
second field is written on the screen at a correspondingly reduced luminance
level. The full interlaced information is then photographed.

The application is obviously a critical one, and the screen must meet a numbér
of special requirements. The persistence must be defined within narrow limits,
and it must be substantially constant throughout the life of the tube, otherwise
the timing of the system will be inaccurate. There must not be a sharp peak of
light output ("'flash") at the moment of excitation, otherwise the second field will
appear brighter than the first. And the light output from the first field must not
have decayed to an unusably low level by the time that the second field has to be
written.

These special requirements are met by screen type LA.

SCREENS FOR RASTER TYPE APPLICATIONS

The range of frequencies for which oscilloscopes are designed is extremely
wide, and even in a single instrument a wide range may have to be covered.
Therequirements of light output and persistence at high speeds conflict with the
requirements at low speeds, therefore a compromise is usually necessary. If
the screen that is used has a good luminous efficiency, a satisfactory compro-
mise can be attained.

General Purpose Applications

The screens in the G group are widely used in general purpose oscilloscopy.
They have a high efficiency and a reasonably fast build-up, so that they are
suitable for use at fairly high writing speeds. The GH screen has two spectral
distribution peaks, one in the green and one in the blue region. The blue peak
provides a high actinic efficiency for use with panchromatic film or, in some
instances, with orthochromatic film. However, the effective visual persistence
is rather short, so that at slow scan speeds very little information is obtained
from the trace.

7Z2 5900

4 4 1N



The lack of visual persistence in the GH screen has led to the introduction of
the GL and GP types. The high efficiency of the GH screen is largely retained,
but the persistence is of the order of one to five seconds, depending on the
operating conditions. Slow scan speeds can therefore be used.

The GM screen has a purplish-blue flash and a yellowish-green persistence.
For normal oscilloscopic work, and especially at voltages between 1 kV and
10 kV, this is therecommended screenif a long persistence is the mainrequire-
ment. The luminous efficiency is about one-fourth of that of the GH type, so that
for this reason, as well as the long persistence, the GM screen is not suitable
for high-speed applications.

Non-recurrent High-speed Applications

When a rapid non-recurrent phenomenon is to be observed, a long-persistence
screen with a slow build-up is not suitable. The usual technique is to use a fast
screen and photographic Tecording. A timebase, triggered by the incoming sig-
nal, is applied to the X deflectors, and the signal itself to the Y deflectors.

The choice of screen for the single-shot type of application is dictated by the
recording material that is to be used. For panchromatic and some orthochro-
matic film, the GH screen provides the fastest writing speed. If the trace is
visible on this screen, then, in general, it can also be photographed if good
photographic materials and techniques are used. For blue-sensitive film or
recording paper the BE screen is preferable. Its luminous efficiency is low, but
its spectral characteristic matches that of the emulsion.

Moving Film Applications

When a moving film technique is employed for the recording of recurrent phe-
nomena, the persistence of the screen must be short if smearing of the image
is to be avoided. With orthochromatic film, the BE screen is recommended.
Smearing is negligible in the majority of applications, and appears only under
certain unusual and extreme conditions. Equally good results may be obtained
with panchromatic film and the GH screen.

Slow-scan Applications

Visual observations of slowly-varying functions is often unsatisfactory with gen-
eral purpose screens. The eye does not easily appreciate the path of a moving
spot, since the spot tends to attract most of the observer's attention. This dif-
ficulty is overcome, to some extent, by the use of a long-persistence screen.
The spot leaves a trace which persists long enough for the waveform to be ex-
amined.

The useful persistence of any screen is dependent on the ambient illumination.
If the screen is provided with a hood, a dark-adapted eye can see the trace down
to quite low levels of light output. Writing speed also affects the persistence, to
a certain limit which depends on the screen type which is used. In single-shot
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applications an increase in spot velocity will reduce the persistence, and vice
versa. The observation of information which recurs only a few times per second
can be improved by the use of a long-persistence screen; but, in general, the
length of the persistence obtained will not be great.

For most long-persistence applications the GM screen is recommended. The
GL and GP screens are also useful.

For very long persistence the LC or LD screens are used. They have orange
luminescence. Care should be taken to avoid overloading these screens, since
they are prone to burning.

SCREENS FOR RADAR APPLICATIONS

A long persistence is usually of primary importance in radar applications, be-
cause the aerial sweep is slow and the picture must be retained for relatively
long periods. The choice of a screen iscomplicated if thedisplay is to be viewed
where there is much ambient light. A long-persistence screen with a relatively
low light output may be less suitable than a screen with shorter persistence but
greater light output.

The build-up characteristic is of particular interest in radar applications. It
can be exploited, under conditions of repeated excitation, to differentiate be-
tween the desired "permanent” echoes and noise such as sea clutter. The echo
from a target is repeatedly displayed on successive scans, and full brightness
is built up; whereas transitory echoes are not additive, and produce less than
peak brightness. The published build-up curves for radar-type screens are
presented in a way that simulates p.p.i. conditions. Points on the curve, as
shown in "Screen data", represent the light output from the screen immediately
before each excitation pulse.

Radar requirements, when examined in detail, are found to be exacting. For
instance, in general purpose marine navigational systems the performance must
be satisfactory throughout a wide variety of aerial sweep speeds, pulse repe-
tition frequencies, and target ranges (say from 0.5 to 50 miles). In a single
installation, a diversity of operating conditions must be catered for, therefore
the choice of screen for the display tube is-necessarily a compromise. A num-
ber of screen types are available.

The LD screen has found extensive use in medium-range marine navigational
systems. It has a very long persistence which provides a good display over a
large variety of aerial rotation speeds and pulse repetition frequencies.

In river radar systems with short ranges and fast-moving targets, a rather
shorter persistence is required, since it is only necessary to maintain good
brightness between sweeps. Also, if the range has to be changed when navigat-
ing at close quarters, the trace from the earlier scan must clear quickly if it
is not to clutter the first traces of the later scan. The LB screen meets these
requirements. 772 5902
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In long-range navigational radar, and particularly in marine true-motion instal-
lations, the LC very long-persistence screen is widely used. It is also suitable
where successive traces of a moving target are required for comparison, so
that paths and speeds can be seen directly. The LC screen is also used in mete-
orological work, in airfield control, and in military radar systems. In many
instances it is used in conjunction with interscan and data-handling techniques.

The GM long-persistence screen is sometimes used in marine radar. Its per-
sistence is considerably shorter than that of the LC and LD screens. It has a
disadvantage in that it does not provide the resolution capabilities possessed by
tubes which use LC or LD screens. The reason for the lower resolution is that
the screen is of the double-layer type; and, in order to obtain the desired decay
characteristic, it is thicker than the LC and LD screens. The first layer is
excited by electrons. This layer re-emits energy in the ultraviolet region, which
then excites the second layer from which the luminous output is obtained. Reso-
lution is lost during this process because of the scattering of the ultraviolet
through the thickness of the second layer.

The GB screen is, like the GM screen, of the double-layer variety. It is used
successfully in weather warning systems in aircraft cockpits. The main re-
quirement is the ability to withstand the high accelerating voltages used in tubes
for this type of application. Its long persistence is similar to that of the GM
screen. With the aerial scanning speeds that occur in this type of equipment it
displays complete cloud formations during the aerial sweep.

One of the main uses of the GJ medium-persistence screen is in airborne radar
systems, where the scan rate is high enough to overcome the limited persist-
ence of the screen. Its spectral emission makes it suitable for visual obser-
vation at the high ambient light levels normally encountered in this type of ap-
plication.

For large radar displays a projection system may be used. For this purpose
the BC screen, which has a killed persistence, provides a purplish-blue and
ultraviolet output which is projected, by optical means, on to a large secondary
screen which has suitable long-persistence characteristics.

SCREENS FOR FLYING-SPOT SCANNERS

In flying-spot scanners the energy conversion efficiency of the screen, through-
out the spectral range that corresponds to the colour response of the detecting
device, must be as high as possible.

Very short persistence is essential where high-definition scans are used, but
the requirement is less stringent for slow-speed facsimile reproduction. For
example, if a 625-line raster of 5 Mc/s definition is required, then there must
be no effective light output after 0.3 us; but for a slow-speed system of com-
parable ‘definition and a line speed of one second, the persistence can be as
long as 2 ms. 7Z2 5903




The BA very short-persistence screen is widely used for monochrome raster-
type applications. Its peak output is at 400 to 420 mum, in the ultraviolet region.
It is therefore particularly suitable for use with photomultipliers having con-
ventional caesium-antimony photocathodes. The persistence enables agoodover-
all signal-to-noise ratio to be achieved.

The GE short-persistence screen has been developed for flying-spot applications
in colour television systems. Its persistence is sufficiently short. It has an
adequate light output in the red region of the visible spectrum, with a peak at
510 mum in the green region.

SCREENS FOR STORAGE APPLICATIONS

In some applications it is an advantage if a trace can be stored for future exam-
ination or for direct comparison with later traces. The GN screen provides
storage for periods up to several hours.

A back layer emits energy in the blue and ultraviolet region when it is bom-
barded with electrons. The front layer, excited by the ultraviolet radiation, has
blue fluorescence and green phosphorescence, with a persistence of the same
order as that of the GM screen.

If the screen is subsequently exposed to infrared radiation, a second light out-
put is obtained, with an intensity and a persistence which are functions of the
original writing conditions and of the intensity of the infrared irradiation. The
stored trace, or a succession of superimposed traces, can thus be made availa-
ble. The stored traces, when they are made visible by irradiation, have a
brightness related to that at which they were written, and they all decay at the
same rate as one another. Erasure is effected by prolongedinfrared irradiation.

Ambient ultraviolet radiation should be excluded, since it will activate the front
layer and produce background light which reduces contrast. Stray infrared should
also, of course, be excluded, since it will dissipate the stored trace. The GN
screen has a rather low maximum writing speed.
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INTERPRETATION OF PUBLISHED
SCREEN CHARACTERISTICS

INTERPRETATION OF PUBLISHED SCREEN CHARACTERISTICS

The field of c.r.t. applications is very extensive. For this reason it is impos-
sible to provide published data covering all conceivable requirements. The
measurements for published data are taken under conditions as close as pos-
sible to those at which the given screen is expected to operate. In some appli-
cations, the nature of the display does not readily lend itself to measurement
purposes, and a resort has to be made to a more suitable type of display.

Where a given application departs from the conditions specified in published
data, some valuable information can be extracted by means of simple calcu-
lations. Inevitably, some errors will be introduced; but in view of the approxi-
mately logarithmic response of the eye, the answers obtained are reasonably
valid.

Much of the information presented in published data is based on a raster type of
display, using - for measurement purposes - a non-interlaced raster of 200
lines and 50 fields per second. Whenever possible, the raster is defocused so
that the lines just begin to merge together. This produces reasonably uniform
screen loading. The quoted values of screen loading apply to the loading while
the screen is under electron bombardment, and the effect of flyback is taken
into account. The values of screen luminance given in published data are in
terms of photometric units. This implies that the results are intended to re-
present the appearance of the display as seen by the eye.

In the following discussions, small letters are used for general considerations
and for quantities in published data, while capital letters represent quantities
involved in a particular case under consideration.

SCREEN LUMINANCE

The user can control four factors which affect screen luminance as seen by the
eye. They are the area of excitation, the beam current, the applied potential,
and the duration of excitation. A brief review of the effect of these factors on
luminance will be made. In the first instance it will be assumed that only one of
the factors is varied at a time.
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The relationship between the luminance b and the current i reaching the screen
can be written as

b = kiy (1)

where kj is a constant and the index y at small values of current is, for most
screens, slightly less than unity. It decreases in value with increase in beam
current.

The relationship between the potential v applied to the screen and the luminance
is more complex, and is often written in the form

b=kg (v -vg)h (2)
where

kg = aconstant
Vo = athreshold potential
n = an index, greater thanm unity.

Both vo and n are functions of the phosphor and of the manner in which it is de-
posited on the tube face. For this reason the relationship may vary from one
tube type to another, although the same screen type may be used.

When a screen is operated at a current density well below the saturation level,
it may be assumed that the luminance increases with increase of the duration of
excitation. Thus,

b = kgt 3)

This holds only within the maximum limit for t, which is set by the time reso-
lution of the eye and is about 0.1 s.

Over reasonably small variations in size of the excited area, the luminance can
be considered as inversely proportional to the area, or

b =k4/a )

Experimental results seem to indicate that the luminance of the screen pro-
duced by all the factors can be represented as:

b= Siy (v - v) % )

Thus, to a first approximation, the luminance is a function of the energy applied
to the screen. The range over which the beam current and the duration of ex-
citation may vary is considerable. However, the amount of energy the screen
can handle is limited; therefore the screen can deal with an increase in one of
these quantities at the expense of the other. A large increase in both the beam
current and the excitation time will lead to saturation and eventually to perma-
nent screen damage in the form of burn.
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The published data are normally given in the form of average luminance b as a
function of average screen loading u, or

b = f(u) (6)
for several values of potential applied to the screen.

The raster itself is formed by scanning a spot progressively over a specified
area. Thus an elementary screen area can be considered as that covered by the
area of the electron beam. For the purpose of calculation let us assume this
elementary area to be w cm wide and w cm long. If the current in the beam is
i puA, then as the beam is passing the elementary area, the real screen loading

is given by
U(pK) = 3 @

The duration of the loading is ty, that is the transit time of the spot over the
elementary area.

The amplitude of the waveform of peak luminance is a function of the build-up
and decay characteristics of the particular screen under consideration. For
screens with extremely short characteristics, the luminance is in the form of a
pulse of light of amplitude b(pk) and duration ty. On the other hand, a screen
having long characteristics will produce luminance which follows the build-up
characteristic during the excitation time ty, and afterwards the decay charac-
teristic. Two screens operating under identical conditions and having the same
conversion efficiency, but differing in build-up and decay characteristics, should
have the same Db(pk) tw product. However, their instantaneous luminance will
follow their build-up characteristics, and therefore may differ considerably.

Thus the b(pk) used in these calculations is largely a fictitious quantity. It is
equal to the area embraced by the build-up and persistence characteristic of a
given screen, divided by the time of excitation. As an absolute quantity it is of
little value. However, since it is derived from the screen characteristics, it is
useful in comparing screen operating conditions.

. 1 ;
Let the raster repetition frequency be fy = = Then: the average screen loading
; r
is

_ it
it~ I i
and the average screen luminance
tw
b = bpk) =~ 9
B(pk) ¢ : ©)
722 5907
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Both equations contain the term tw/tr. Since the raster is scanned linearly,

2|

w
tw=tT (10)
where 1 is the length of scanned line and t] is the time required to scan the line, ‘
therefore
L
tr trl an

Let us assume that the raster produced for preparation of published data is so
defocused that the lines are touching each other. If the raster height is h, its
width is 1, and the number of lines is n, then

h
w = e
n
therefore
tw_tLh
tr tr nl (12)
Furthermore,
5 o
9] my
therefore

e o= I (13)

g = ﬁ (14)
and
- b w2
b= (pk) o (15a)
or
X h
b = b(pk) =~ (15b)

when the lines just touch.

The published data provide the values of average screen luminance b as a func-
tion of average screen loading u. Thus, if one of the quantities is known, it is
possible to determine the other. In many cases allowances have been made for
flyback times, so i is the actual current and b the actual luminance during ex-
citation.
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In all cases the published data provide information at several values of potential
applied to the screen. In this way all the factors in Eq(5) are taken into account.

The derived formulas enable investigation of the effect of various screen oper-
ating conditions on the screen luminance to be made. For instance, it has been
shown in Eq (15) that the peak luminance is inversely proportional to the square
of spot size. Thus, with the raster size and the number of lines maintained con-
stant, halving of the spot diameter increases the screenloading by a factor of 4.
If the efficiency characteristics were linear, no change in light output would be
obtained. Any possible reduction in average light output can be found approxi-
mately from published data as a ratio of

screen luminance at 4 x operating current
4 x screen luminance at the operating current

But there would be an increase in peak luminance in accordance with Eq (15a).
It should be noted that Eq(15b) will not apply in this case, as the lines would not
be touching (that is, nw # h); this equation isrelevant only for luminance changes
of a raster in which the lines are just touching

In oscilloscope work, especially at high writing speeds, it is of importance to
obtain as high a spot luminance as possible. Consequently, the value of beam
current is pushed to the limit. Unfortunately, as the beam current is increased
there is some increase in beam diameter. Since the spot luminance is propor-
tional to i/w2, the optimum conditions are occurring when the quotient is at a
maximum,

In slow-scan applications, let us assume that the tube operating conditions and
the number of lines used are the same as for the published data. For the same
length of scanned line, let the scanning time be T| (where T] >t}). Theincrease
in screen loading is in the ratio T]/t].

In consequence, one would expect only a slight drop in light output for a small
value of the quotient; but for large values there would be not only a drop in av-
erage screen luminance but also some distortion of spot shape caused by screen
saturation.

Let us now assume that the raster repetition frequency is constant and the num-
ber of lines is varied. On the whole, not much change will be expected when the
lines are overlapping. When the lines are well separated, a reduction in the
number of lines will produce higher screen loading and a reduction in light out-
put. The converse will happen when the number of lines is increased.

In the following sections an attempt will be made to evaluate various applications
in terms of published data information.
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DATA INTERPRETATION FOR RASTER TYPE APPLICATIONS

From the preceding argument, the average screen loading in a practical case
is

ke AW
Uswz T, (16)

where Ty, is the time taken to traverse one spot width, and Ty is the time taken
to scan one raster.

The average screen luminance is

T
B = B(pk) (7

Let us assume that the height of the scanned raster is H, the width is L, the
active line scanning time.is T}, the raster repetition period is Ty, the number
of lines is N, and the number of active lines is N;. Then

Ty = Tl %
and
%" - Tlrl . (18)
For any scan, if
Tg = duration of scan
Tf = duration of flyback
T = duration of whole cycle
then
T =Tg +15 .
If we write
TST-G{ = = p (the flyback fraction)
then
g =Tl - p) (19)

In the case under consideration, T] is the active scanning time, and Tp, is the
interval between lines, therefore

T1=Tm (1 - P)
where Pj is the flyback fraction in the line direction. Similarly
Na = N(1 - Py)
where Py is the vertical flyback factor. 722 5910
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Substitution for T in Eq (18) gives
Tw_L1-P w (20)

Tr Tr . Tm . L
But Ty = NTp, and N = Ny /(1 - Py) therefore

T
Tm =5 (- P (1)
a
If we assume that the lines are touching, then Ny = H/W, therefore
T w2
W = = —_— 2
ol G VO 428 75 (22)
Finally, substituting in Eqs (16) and (17) we have
1
= —(1 - - 23
U=gqr(-P)-Py (23)
and
w2
B = B(pk) g (1 - P (1 - Py) (24)
Since W = H/N, and N, = N (1 - Py), then
H (1-P1)
B = .
B(pk) NZL (1 - Py) (25)
Now
I(1L-P)(L-Py)=1Iay (26)

where I,y represents an average current flowing through the cathode ray tube
in presence of line and field blanking. For the 405-line and 625-line television
systems, P = 0.185 and Py = 0.07. Thus in these systems the current I present
in the raster exceeds the average current by a factor of 1.31.

In the above calculations it has been assumed that the lines of the raster are
touching each other. This is rather an exception than a rule. When considering
this problem it is necessary to define more accurately the screen luminance.
In most cases it is a mean value for the whole raster. For these considerations
the calculations are acceptable in their present form.

Frequently, the published data for television tubes are given in terms of beam
current for a quoted raster size. From these values the average screen loading
u = i/hl may be readily obtained. Alternatively, we have from Egs (23) and (26)

i

e

hl HL
or
. _ . hl
i=1 oL - (27)
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Example

It is intended to operate a tube with a W screen as a television monitor at a
screen potential of 14 kV and with a raster 20 cm by 15 cm. What luminance
can be expected if the average beam current is 50 uA.

As the tube is intended for operation in a television system,
Ioy=I(1 -P)(1-Py)=1x0.76

=50
I-m—66MA.

The current density is therefore
1,86, 2
2" 300 - 022 wA/cm®.

At this current density and at a screen potential of 14 kV, the luminance, as
can be seen from the relevant curve, is 280 nt.

DATA INTERPRETATION FOR OSCILLOSCOPE APPLICATIONS

Therequirements of repetitive and single-pulse applications must be considered.

Repetitive Excitation

An oscilloscope display is essentially a single trace display. In any particular
situation, let us assume that the length of trace is L, the duration T}, and the
repetition frequency Fy = 1/Ty. For a line width W, let the transit time be Ty,
then from Eq (8) the screen loading is

_ 1Ty
U-= WIT,
Since
\'
Ty = T['L—
then
-1 T ;
WL Ty * (25)

The average screen loading obtained from the above formula may be used to find
the corresponding average trace luminance from the published data.

Single-Pulse Excitation

It is possible to estimate, from the published data, the trace luminance under
single-pulse excitation. Since the trace is not repetitive, let us take a repeti-
tion frequency at which the eye resolves light modulation, say about 10 c/s.

7Z2 5912
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Let this repetitive time be Ty, then the average screen loading is

=1 Tw
U WIT, (29)
and the corresponding average screen luminance B can be found from the pub-
lished data.

From Eq (9) the peak luminance is
Tr
(pk) T

and its duration is Ty,.

The B(pk)Tw product is equal to the area under the build-up and decay charac-
teristic of a given screen. For fast- and medium-persistence screens, most of
this area will be within time Ty (< 0.1 s). Hence the luminance perceived by
the eye will be

Eﬂw—{,‘:“’ =B (31)
Example

In a particular application a scan of 4 cm and a duration of 10 us are produced
at a repetition frequency of 400 c/s. The tube has a GH type screen. It is oper-
ated at 10 kV, and the current reaching the screen during the trace is 10 uA.
What trace luminance can be expected at a line width of 0.2 mm.

I = 10uA _ 10
T = 106 s
w = Lcm
100 T. = 1 s
: 5
L = 4cm 400

Substitution in Eq (28) gives

_ .o 100 10 400 _ 9
U 102)(41—061 0.5 uA/cm

From the published data for the GH screen the trace luminance at 10kV and this
screen current density is seen to be 300 nt.

DATA INTERPRETATION FOR RADAR APPLICATIONS

For radar type applications, persistence is of primary importance. For this
reason the published information on persistence characteristics of radar screens
is more extensive than that provided for other types. The data are prepared
from measurements made with a non-interlaced raster. Care is taken to defo-
cus the raster uniformly, so that the individual lines of the raster touch each
other. The whole raster is considered as a single pulse, since any given area
is excited only once during any one field. 722 5913




To cover a variety of situations, several sets of data are published. Single
raster excitations simulate the case of moving targets, when the screen area
is excited only once. For permanent echoes and marker pips, there are curves
showing persistence with repeated raster excitation. The persistence is meas-
ured from the end of excitation. From this information can be de:ived thevaria-
tion in trace luminance during normal operation and the screen persistence when
changing from one range to another.

The build-up characteristic is important during range-changing. The required
information is given by a separate build-up characteristic which shows the
luminance of the trace just before the next pulse arrives.

Screen Loadil_lg_

Consider a small portion of screen under published data conditions. As in pre-
vious considerations, the raster area is hl, but only one field of n lines is ap-
plied. The current reaching the screen is i, with suitable corrections for fly-
back times. The spot is defocused so that the lines are touching each other. The
charge per unit area reaching the screen is

i
q ‘mtw (32)

and this is proportional to screen luminance Eq (5).

Since
tw = tl —
-4
also
_h _
= and ntl = tr
therefore
i
=yt (34)

Under p.p.i. conditions Eq (33) is also applicable. In order to express it in
terms of p.p.i. constants, let

D = diameter of p.p.i. display
R = range corresponding to the radius of display.

Consider a portion of the display at a distance $D' from the centre, so that

D—= xandx < 1.
= 722 5914
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Then the length of considered scan is
L=34D".

With a signal velocity of 12.3 us per loop nautical mile,
Ty = 12.3 x RK1070 s.

It was necessary to include a constant K in the equation for Tx in order to take
into account overlap of scanning lines of the p.p.i. display. The overlap can be
calculated as the ratio of the number of scans per aerial rotation to the number
of lines that can be placed on the circumference of the considered portion of
display. In terms of p.p.i. data, at a point distant 4 D' from the centre,

- FpTa
Kx Tl'wa

Fp = pulse repetition frequency
= time of one aerial revolution.

—
)
|

Substitution of the above data in Eq (33) gives

21 6
Qx = m12.3 RFpTalO .

The screen luminance of the p.p.i. display is the same as that in published data
if the above equation is equal to Eq (34). Equating and rearranging gives a
screen loading of

i 21 Ta o-6
uy i m 12.3 RFp tr 10 ".
For published data, ty = % s, therefore
_i_3.91 - 2
ux = - xD2 IRFpTa 10™* uA/cm (35)

Now i/hl is the screen loading used in the presentation of published data, there-
fore the value of screen persistence can be determined.

It should be noted that uy varies over the screen. If a constant value of u is re-
quired, then a bright-up circuit must be incorporated, so that I/x will be con-
stant.

Single-pulse Excitation:
Moving Target Conditions

For fast-moving objects a situation can exist where within one aerial rotation
the echo moves on the display a distance greater than the spot diameter of the
tube. The persistence curve resulting from such an excitation is given in pub-
lished data by graphs for single-pulse excitation. The screen loading can be
calculated from Eq (35). 7Z2 5915
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Repeated-pulse Excitation:
Permanent Echoes

The luminance produced by a permanent echo is a result of excitation received
from a succession of aerial sweeps. The persistence is given in the published
data by graphs for repeated-pulse excitation. Therepetition interval t, of pulses

in the published data is 1 s. In practical applications, the aerial rotation fre- =
quency may be different, and for that reason the equation for screen loading e
needs adjustment. Experimental evidence indicates that under the conditions &' mm=
shown in the published data, the screen luminance is a function u of the product
of the current and the number of pulses. Thus the necessary adjustment can be
effected by multiplying Eq (35) by t5/T,. With ta = 1 s, the modified equation
becomes
3.91 -
Ux = =gz IRFp 10 4 yuA/cm?2 (36)
Build-up
The rate at which persistence luminance builds up for a permanent echo is
shown in published data by means of build-up characteristics. Since these char-
acteristics are given as a function of the number of pulses, the screen loading
can be calculated from Eq (36).
Example
A tube with an LD screen is employed in a p.p.i. display. It is operated at
10 kV, and the peak current at the end of the trace is 150 uA. If the pulse repe-
tition frequency is 3 kc/s and the aerial rotational frequency is 20 r.p.m., de-
termine the luminance of the persistence trace at the edge of the display when
the display is set to operate at a range of one nautical mile for the full useful
screen radius of 10 cm.
(a) Moving targets
Screen loading is calculated from Eq (35):
_3.91 -
Ux = S5 IRFpT, 1074 pA/cm?
D = 20cm Fp = 3 ke/s
I = 150 uA Tq = 38
R = 1 nautical mile X = 1
so that
Ux = 1.32 uA/cm2,
7Z2 5916
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The persistence characteristics of the LD screen (pages 68 and 69) gives per-
sistence luminance for single-pulse excitation at an e.h.t. of 10 kV. The re-
quired persistence can beread off thegraph for a screen loading of 1.32 uA/cm2,
This screen loading is higher than any shown on the graph, but the results can
be deduced by extrapolation.

(b) Permanent echoes
Screen loading is calculated from Eq (36):
_3.91 - 2
Uy = D2 IRFP 10™% uA/cm*.

Substitution gives
Uy = 0.44 pA/cm?.

This lower value has no actual meaning in terms of current; but it indicates
which curve in the graphs on pages 68 or 69 is to be used. The result will apply
for a fully built-up condition - say after 60 or more pulses.

(c) Build-up

For any intermediate number of pulses down to about ten, the small variation
in the starting point of the decay curves can be obtained from the build-up curve
on page 70. The value of Uy = 0.44 uA/cmz, and the persistence curves for
multiple pulse excitation on pages 68 and 69 can then be used.

AMBIENT ILLUMINATION

In the discussion of the requirements of different applications it has been as-
sumed that the only light to be considered is that produced by the display. Back-
ground illumination has been altogether neglected. Under practical conditions
the background illumination is of the greatest importance. In fact, it determines
the luminance that the tube must produce if the display is to be usable.

There are three sources of stray illumination:

Light from the back of the screen is reflected by the tube walls. It returns
to the screen in a diffuse form and reduces the contrast between the trace
and the unexcited parts of the screen.

Light from the front of the screen is reflected back to the screen from sur-
rounding surfaces. Againthe effect is to illuminate the unexcited areas.

Ambient illumination, especially in lighted rooms and in daylight situations,
is obviously a major factor in the reduction of contrast.
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The minimum contrast perceptible by the eye is about 2 per cent. If the lumi-
nance of the trace in the absence of background illumination is B, and the lumi-
nance of the rest of the tube face is b, then the luminance of the trace in the
presence of the background illumination is B + b. The change in luminance from
trace to background is B. For limit perception,

B -
B+—b100—2

so that

This is practically the absolute minimum that can be tolerated. For comfortable
viewing the contrast should be about 80 per cent; that is, B = 4b. For an oscil-
loscope display a lower contrast is acceptable than for a raster display.

A laboratory during hours of daylight may have an illumination of about 250 lx.
In this illumination a perfectly diffusing surface will have a luminance of 250/TT
=~ 80 nt. With transmission and reflection losses of 30 per cent, the tube sur-
face will have a luminance of 56 nt.

For the examples calculated in this chapter we have

Television monitor tube 280 nt
Oscilloscope display 300 nt
P.P.I. display (permanent echo at 1 s) 1.3 nt

The contrast for the last case in the presence of a 250 Ix background illumi-
nation is

L5
56

which is just about perceptible.

100 = 2.3 %,

At night an average laboratory will have a lower illumination. If this is, say,
50 1x, the luminance of the radar display quoted will improve, for the contrast
will be
143
1.2 100 = 11.6 %.

When the decay characteristic is taken into consideration, the effect of ambient
illumination is even more serious. If the persistence of the p.p.i. display which
has beendiscussed is plotted in the presence of laboratory illumination as above,
the resulting curve will be entirely different from that given on pages 68 and
69 for a current density of 0.2 uA/cmz. After about seven seconds the display
will be lost in the background.

7Z2 5918

P |



USE OF FILTERS

Contrast can be improved by placing a filter in front of the tube. Light from
outside has to pass through the filter twice before reaching the eye, whereas the
light from the trace passes through only once.

For maximum contrast the filter should be as dense as possible; but if the
luminance of the trace is already low, it will be attenuated to an unusable level
if the filter is too dense. However, a filter whose transmission characteristic
is matched to the spectral distribution of the screen will provide differential
filtering. The light output from the screen will be transmitted with minimum
loss, while external light from other parts of the spectrum will be suppressed.

The GM double-layer screen has a purplish-blue fluorescence and a yellowish-
green phosphorescence. As the blue component is subjectively brighter than the
yellow, it is advantageous in some applications to filter it out with a suitable
filter if maximum use is to be made of the yellow persistence period. The
Chance C2 glass filter is suitable; or, for combination with a graticule, a sheet
of amber Perspex may be used.

Exclusion of ambient ultraviolet radiation from the GN storage screen is pro-
vided by filters such as the Ilford 108. The infrared radiation for reading can
be obtained from low-power tungsten lamps. They should be provided with fil-
ters to suppress the visible light which would reduce contrast. A combination
of the Ilford filters 207 and 813 is suitable. A composite viewing hood can be
used, containing the lamps, filters, and ultraviolet stop filter.
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GENERAL DATA

The information given in this reference section is obtained from measurements
of phosphors settled in typical cathode ray tubes. The tube used is, of course,
of a type appropriate for the screen in question.

For each screen type there is a spectral response curve. The relative response
is plotted against the wavelength of the light output, the peak light output being
shown as 100 per cent. No absolute values of light output can be read off; and no
comparisons of the luminance of different screen types can be made from these
curves.

On each response curve is quoted the subjective colour sensation in terms of
the x-y co-ordinates of the C.I.E. system. These points are also indicated on
the diagram.

For two or three screen types, the diagram shows two points: one refers to the
initial "flash" or fluorescence, while the other point refers to the persistence
(phosphorescence) colour. Thus, the GM screen has a purplish-blue flash and a
yellowish-green persistence, and it is classified as a screen of the G group.
The two linked points shown for the GH screen are those pertaining to high-
brilliance and low-brilliance operation.

For comparison of the spectral response of the screens available for each of
the main groups of application, collective response curves,are given. Here
again, the response curves are normalised, and they provide no information
about the comparative light outputs of different screens.

The Kelly charts are marked - in accordance with general colorimetric prac-
tice - with the wavelengths in milli-micrometres (mum) that correspond to the
saturated spectral colours lying on the perimeter.

The persistence and efficiency curves, and the special curves relating to radar
screens, should be read in conjunction with the relevant parts of the text.

PERSISTENCE NOMOGRAPHS FOR OSCILLOSCOPE SCREENS

Although the persistence curves give a good indication of the differences be-
tween screens under typical conditions, it is found in practice that the operation
of the screen is often far removed from the published conditions. This is es-
pecially so for oscilloscope applications. With this as a prime consideration,
the screens most used for oscilloscope work have been investigated in rather
more detail than, say, the screens used in television monitors.

7Z2 5920
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Radar screens, although subjected to some changes in operation conditions, are
limited in their applicational range, and in most cases the published curves give
adequate information. The flying spot screen BA has only a small dynamic char-
acteristic change, and once again requires no elaboration.

Most oscilloscope screens have a persistence dependent on current density,
electron energy, excitation time, and repetition frequency. The exception to
this is the GJ screen which has a decay law of the form exp (-80 t) which is
independent of the above characteristics and is therefore specified by the pub-
lished decay curve. The dynamic range of the other oscilloscope screens has
been evaluated empirically.

The BE and GH screens have a common decay law:

Lt tp'l
where Lt is the light output at a time tp during the decay.
Experiment has shown that modification to the form

__k
LO tp +k
where
Lo = initial light output at tp = 0
k = aconstant

produces a good approximation to the practical persistence curve.

Incorporation of some of the relevant screen characteristics gives
alk - tan~l s log M) Lo
(rt— -1)

tp = v(Ip/a)B te q

where

te = excitation time
Ib/2 = beam current density

and the constants o, B, v, k, s, and q have been evaluated for each screen type.

Voltage and repetition frequency are not included in this formula. The voltage
has little effect on persistence if it exceeds 3 kV. Below 3 kV the persistence
increases. The repetition frequency has a pronounced effect; but, because of
the complexity of interrelating occupance and build-up time limits, the formula
in its present form applies only for single or low-occupance occurrences.

To simplify the use of the equation, nomographs have been constructed in which
the variables are light output (as a percentage of flash), excitation time, and
persistence. Current density is introduced as a parameter. Nomographs for
the BE and GH screens are given.
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Each nomograph consists of three main scales: tg (excitation time), tp (decay
time), and L4/L, per cent (decay percentage). The te and tp scales are split
into three, for various current densities. As the current density has a second-

order effect, the range over which the scales may be used is denoted at the foot
of the scale.

To use the nomograph, a straight edge is placed across the sheet against the
two known variables, and the third variable is read off. For example:

What is the persistence of the GH screen at 0.5 per cent of flash under the fol-
lowing conditions.

Excitation time = 10 us
Current density 0.8 uA/mm?2

A straight-edge placed against Lt/L, = 0.5 per cent and te = 10 us on the
> 0.8 puA/mm?2 scale will intersect the > 0.8 uA/mrn2 tp scale at 0.9 ms. Thus
the persistence is 0.9 ms to 0.5 per cent under this condition.

Excitation time is determined, in practice, by dividing the spot diameter by the
spot velocity. That is,

_d
te = v
where
d = spot diameter (mm)
v = spot velocity (mm/s)

A maximum limit for te occurs when build-up is accomplished by steady excita-
tion, or when the time occupance approaches unity. This maximum limit is in-
dicated by the discontinuation of the te scale at its top end. Thus for excitation
times greater than the limit value, the limit value should be used.

The reading accuracy of the nomographs has been reduced by including only the
scale intervals of 5 and 10 on the logarithmic tp and te scales. The reasons for
this are that the nomograph includes several approximations, and, secondly,
unavoidable spreads in screen production may cause significant deviations. This
spread has less significance when the wide dynamic range covered by the loga-
rithmic characteristics is being considered.

No nomograph is given for the GM screen, since the interdependent character-
istics of the two phosphor layers are too complex for this kind of presentation.
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D7-190..

INSTRUMENT CATHODE-RAY TUBE

7 cm diameter flat faced monoaccelerator oscilloscope tube primarily intended for
use in inexpensive oscilloscopes and monitoring devices.

QUICK REFERENCE DATA

Accelerator voltage Vg2,g4,g5,1 1000 V

Display area 60x 50 mm2-

Deflection factor, horizontal My 29 V/cm

vertical My 12 V/cm
SCREEN
colour persistence
D7-190GH green medium short

Useful screen diameter min. 64 mm

Useful scan
horizontal min. 60 mm
vertical min. 50 mm
The useful scan may be shifted vertically to a maximum of 4mm with respect to the
geometric centre of the faceplate.
HEATING: Indirect by A.C. or D.C.; parallel supply
Heater voltage Vs 6.3 V

Heater current Ig 300 mA

Data based on pre-production tubes

September 1967




D7-190..

MECHANICAL DATA (Dimensions in mm)

x-trace

+25v # H H
nean x-and g, =
L2 =
ey i
=aay k f f bottom view Yz

Mounting position: any

$75¢:2 w
a8 T N l l
i &
~
l =3
’ &
: @©
%61
N I —
<
S
) ~

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Dimensions and connections

See also outline drawing
Overall length

Face diameter
Base 14 pin all glass

Net weight

Accessories
Socket (supplied with tube)

Mu-metal shield

max.

approx.

type
type

225 mm
77 mm
260 g
55566
55534

September 1967



D7-190..

CAPACITANCES

x] to all other elements except x2 Cx1(x2) 4 pF
X9 to all other elements except X Cx2(x1) 4 pF
y1 to all other elements except y9 Cyl(y2) 3.9 pF
yo to all other elements except y; Cy2(yl) 3.5 pF
X] to X9 Cx1x2 2.5 pF
y1toy2 Cyly2 1.5 pF
Control grid to all other elements Cgl 6 pF
Cathode to all other elements Ck 5 pF
FOCUSING electrostatic

DEFLECTION 3) double electrostatic
x plates symmetrical
y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates will
intercept part of the electron beam, hence a low impedance deflection plate drive is
desirable.

Angle between x and y traces % + 1°
LINE WIDTH 3)

Measured with the shrinking raster method in the centre of the screen under typical
operating conditions, adjusted for optimum spot size at a beam current I =10 nA.1)

Line width l.w. 0.30 mm

1) As the construction of this tube does not permit a direct measurement of the
beam current, this current should be determined as follows:
a) under typical operating conditions, apply a small raster display (no overscan),
adjust Ygl for a beam'current of approx. 10 nA and adjust Vg3 and Vg2,g4,g5,!
for optimum spot quality at the centre of the screen.
b) under these conditions, but no raster, the deflection plate voltages should be
changed to
Vy1 = Vya = 1000 V3 Vi1 = 300 V5 Vx2 = 700 V, thus directing the total beam cur-
rent to x2.
Measure the current on x2 and adjust Vgl for Ix9 = 10 wA (being the beam current
Ig)

c) set again for the conditions under a), without touching the V 1 control. Now a-

raster display with a true 10 uA screen current is achieved.
d) focus optimally in the centre of the screen (do not adjust theastigmatism con-
trol) and measure the line width.

3) See page 4
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TYPICAL OPERATING CONDITIONSS)

Accelerator voltage ng,gz;,gs,g 1000 A%
Astigmatism control voltage AVg2, gd,g5,0 +25 V 1)
Focusing electrode voltage Vg3 approx. 150 v
Control grid voltage for visual

extinction of focused spot Vgl approx.max. -30 A%
Deflection factor, horizontal My 29 V/cm

vertical My 12 V/cm

Deviation of linearity of

deflection max. 2 % 2)
Useful scan, horizontal min. 60 mm

vertical min. 50 mm

LIMITING VALUES (Absolute max. rating system)

Accelerator voltage Vg2,g4,g5,0 zif 2388 X
Focusing electrode voltage Vg3 max. 2200 V
Control grid voltage, negative ‘Vgl 2?: 208 :/,
Cathode to heater voltage Vit max. 125 V

-Vkf max. 125 V
Grid drive, average max. 20 V
Screen dissipation Wy max. 3 mW/cm?

l) The astigmatism control electrode voltage should once be adjusted for optimum
spot shape in the centre of the screen. For any necessary adjustment the control
voltage will be within the stated range, if the mean x and certainly the mean y
plate potential are equal to Vg2, g4,g5,0 with astigmatismadjustment set to zero.

2) The sensitivity at a deflection of less than 75 % of the useful scan will not differ
from the sensitivity at a deflection of 25% of the useful scan by more than the in-
dicated value.

3) The mean x and certainly themean y plate potential should be equal to Vg2,g4,g5,!¢
with astigmatism adjustment set to zero.
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D10-11..

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with 10 cmdiameter flat face-plate and post deflection accel -
eration by means of a helical electrode. The low heater consumption together
with the high sensitivity and short overall length render this tube suitable for

transistorised equipment.

QUICK REFERENCE DATA
Final accelerator voltage Vgé(g) = 4 kV
Display area horizontal full scan
vertical = 6 cm
Deflection factor, horizontal Mx = 27.5 V/cm
vertical My = 9.8 V/cm
SCREEN
Colour Persistence
D10-11BE blue medium short
D10-11GH green medium short
D10-11GM yellowish green long
D10-11GP bluish green medium short
Useful screen diameter min. 85 mm
Useful scan at Vg()(!Z )/Vg4 =4
horizontal full scan
vertical min. 60 mm

The useful scan may be shifted vertically to a max. of 4 mm with respect to the

geometric centre of the faceplate.

HEATING
Indirect by A.C. or D.C.; parallel supply

Heater voltage

Heater current

= 6.3 V
95 mA
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—  MECHANICAL DATA Dimensions in mm
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Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base 14 pin all glass

Dimensions and connections

Overall length (also inclusive socket type 55566) max. 320 mm

Face diameter max. 102 mm
Net weight approx. 480 g
Accessories

Socket (supplied with the tube) type 55566

Final accelerator contact connector type 55560

Mu-metal shield type 55541
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D10-11..

CAPACITANCES
x| to all other elements except X9 CXI(XZ) = 3.5 pF
X9 to all other elements except x; CXZ(Xl) = 3.5 pF
y] to all other elements except yo Cyl(YZ) = 2.5 pF
yo to all other elements except y; Cy2(yl) = 3.0 pF
X] to X9 CXlxz = 2.0 pF
y1 toy2 Cyly2 = 1.7 pF
Control grid to all other elements Cgl = 4.5 pF
Cathode to all other elements Ck = 3.0 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

X plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces 9094 10

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen

Final accelerator voltage ng(g) = 4000 V
Astigmatism control electrode voltage Vg4 = 1000 Vv 2)
First accelerator voltage ng = 1000 V
Beam current I(g) = 10 HA
Line width lLow. = 0.35 mm
HELIX

1

Post deflection accelerator helix resistance min. 50 MR

2) See page 5
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TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgé(c) = 4000 V
Geometry control electrode voltage Vg5 = 1000 £ 100 V l)
Astigmatism control electrode voltage Vg4 = 1000 £ S0 V 2)
E Focusing electrode voltage Vg3 = 50to 200 V
E First accelerator voltage Vg2 = 1000 V
Control grid voltage for visual
extinction of focused spot —Vgl = 25to 67 V
Deflection factor
horizontal Mx = 24to 31 V/cm
vertical My = 8.6to 11 V/cm
Deviation of linearity of deflection = max. 2 9 3)
Geometry distortion See note 4
Useful scan
horizontal full scan
vertical = min. 60 mm
CIRCUIT DESIGN VALUES
Focusing voltage Vg3 = 50 to 200 V per kV of Vg4
Control grid voltage for visual
extinction of focused spot —Vgl = 25 to 67 VperkV of ng
Deflection factor at
Veo(0)/ Vgy = 4
horizontal MX = 24 to 31 V/cm per kV of Vg4
vertical My = 8.6 to 11 V/cm per kV of Vg4
Control grid circuit resistance Rgl = max. 1.5 MQ
Focusing electrode current IgS = -30 to +30 A D)
1)2)3y4)5y see page 5
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D10-11..

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vgé(ﬁ) : 2?:: ?288 :,[
Geometry control electrode voltage Vgs = max. 2200 V
Astigmatism control electrode voltage Vg4 Z 2?:1( 2;88 z
Focusing electrode voltage Vgs = max. 1500 V
First accelerator voltage ng = max. 2200 V
Control grid voltage

negative —Vgl = max. 200 V

positive Vgl = max. 0 Vv
Cathode to heater voltage

cathode positive V+k/f- = max. 100 V

cathode negative V-k/f+ = max. 15 V
T ectrode and any defieation plare  Vew/x % max. 500

Vg 4y = max. 500 V

Cathode current, average Ix = max. 300 pA
Screen dissipation Wo = max. 3 mW/cm2
Ratio Vgé(ﬂ )/Vg4 Vgé(ﬁ )/Vg4 = max. 4
Ratin Vgo/ Vg el oo

1) This tube is designed for optimum performance when operating at the ratio
Vgé(g)/vg4 = 4. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

3) The sensitivity at a deflection of less than 75% of the useful scan will not
differ from the sensitivity at a deflection of 25% of the useful scan by more
than the indicated value.

4) A graticule, consisting of concentric rectangles of 50 mm x 60 mm and
48.4 mm x 58.4 mm is aligned with the electrical x axis of the tube. The
edges of a raster will fall between these rectangles with optimum correction
potentials applied.

4) Values to be taken into account for the calculation of the focus potentiometer .
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INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with 10 cm diameter flat faceplate and post deflection ac-
celeration by means of a helical electrode. The tube is intended for small com-

pact oscilloscopes.

QUICK REFERENCE DATA

Final accelerator voltage

Vgé(ﬂ) = 4000 V

Display area horizontal = full scan
vertical = 6 cm
Deflection factor, horizontal My = 27.5 V/cm
vertical My = 9.8 V/cm
SCREEN
Colour Persistence
D10-12BE blue medium short
D10-12GH green medium short
D10-12GP bluish green medium short
D10-12GM yellowish green long

Useful screen diameter
Useful scan at Vgg,(!l)/Vg4 =4
horizontal

vertical

min. 85 mm

full scan

min. 60 mm

The useful scan may be shifted vertically to a max. of 4 mm with respect to the
geometric centre of the faceplate.

HEATING

Indirect by A.C. or D.C.; parallel supply

Heater voltage

Heater current

Vi = 6.3V
If = 300 mA
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—» MECHANICAL DATA (Dimensions in mm)
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Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base 14 pin all glass

Dimensions and connections

Overall length (inclusive'socket 55566) max. 320 mm

Face diameter max. 102 mm
Net weight approx. 480 g
Accessories

Socket (supplied with the tube) type 55566

Final accelerator contact connector type 55560

Mu-metal shield type 55541
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D10-12..

CAPACITANCES
X1 to all other elements except x2 CXI(XZ) = 4.0 pF
X9 to all other elements except x| CXZ(XI) = 4.0 pF
yj to all other elements except yo Cyl(y2) = 3.0 pF
y2 to all other elements except y Cyz(yl) = 3.0 pF
X] to X3 Cxle 2.0 pF
yi1toys Cyly2 = 1,7 pF
Control grid to all other elements Cgl = 5.0 pF
Cathode to all other elements Cx = 3.0 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

X plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hencea low impedance deflection plate
drive is desirable.

Angle between x and y traces 900 + 1°

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen

Final accelerator voltage Vgé( g) = 4000 V
Astigmatism control electrode voltage Vg 4 = 1000 V2
First accelerator voltage ng = 1000 V
Beam current I(g) = 10 wA
Line width l.w. = 0.35 mm
HELIX

Post deflection accelerator helix resistance min. 50 MQ

2) See page 6
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TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgé(ﬂ) = 4000 V
Geometry control electrode voltage Vgs = 1000 + 100 V1)
Astigmatism control electrode voltage Vg4 = 1000 £ 50 V 2)
Focusing electrode voltage Vg3 = 50 to 200 V
First accelerator voltage ng = 1000 V

Control grid voltage for visual
extinction of focused spot —Vgl = 25 to 67 V

Deflection factor

horizontal My - 24 to 31 V/ecm

vertical I\/Iy = 8.6to 11 V/cm
Deviation of linearity of deflection = max. 2 % 3)
Geometry distortion See note 4

Useful scan
horizontal = full scan

vertical = min. 60 mm

CIRCUIT DESIGN VALUES

Focusing voltage Vg3 = 50 to 200 V per kV of Vg,
Control grid voltage for visual
extinction of focused spot —Vgl = 25to 67 VperkVof ng

Deflection factor at
Vgg(t) Vgy = 4

horizontal My = 24 to 31 V/cm per kV of Vg4
vertical My =8.6 to 11 V/cm per kV of V,4
Control grid circuit resistance Rgl = max. 1.5 M®Q
Focusing electrode current Ig3 = -30 to+30 wuA 5)

1)2)3)4)5) see page 6
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LIMITING VALUES (Absolute max. rating system)

g = max. 5000 V
Final accelerator voltage Vg(,(fz) = min. 1500 V
Geometry control electrode voltage VgS = max. 2200 V
Astigmatism control electrode = mak, 9000 W

voltage Vg, = min. 900 V
Focusing electrode voltage Vg3 = max. 1500 V
First accelerator voltage ng = max. 2200 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vgl = max. 0 Vv
Cathode to heater voltage
cathode positive V+k/f- = max. 200 V
cathode negative V-k/f+ = max. 125 V

Voltage between astigmatism control

A = .
electrode and any deflection plate 84/x i, G0 W
Vg4/y = max. 500 V
Screen dissipation Wy = max. 3 mW/cm2
Ratio Vgé(ﬂ)/vg‘él Vge(lz)/vg4 = max. 4
; = max. 1
Ratio ng/Vg4 ng/Vg4 = il 1
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l) This tube is designed for optimum performance when operating at the ratio
Vgé(ﬂ)/V = 4. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

3) The sensitivity at a deflection of less than 75% of the useful scan will not dif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than
the indicated value.

4y A graticule, consisting of concentric rectangles of 50 mm x 60 mm and
48.4 mm x 58.4 mm is aligned with the electrical x axis of the tube. The
edges of a raster will fall between these rectangles with optimum correction
potentials applied.

9) Values to be taken into account for the calculation of the focus potentiometer .
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D10-160..

INSTRUMENT CATHODE-RAY TUBE

10 cm diameter flat faced monoaccelerator oscilloscope tube primarily intended for
use in inexpensive oscilloscopes and read-out devices.

QUICK REFERENCE DATA
Accelerator voltage Vgg,g4,g5(ﬁ) 1500 V
Display area 80 x 60 mm2
Deflection factor, horizontal Mx 33 V/cm
vertical My 14.5 V/cm
SCREEN
colour persistence
D10-160GH green medium short
Useful screen diameter min. 85 mm
Useful scan
horizontal min. 80 mm
vertical min. 60 mm

The useful scan may be shifted vertically to a max. of 5 mm with respect to the
geometric centre of the faceplate.

HEATING: Indirect by A.C. or D.C.; parallel supply

Heater voltage Vf 6.3 V

Heater current If 300 mA

Data based on pre-production tubes
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D10-160..

MECHANICAL DATA (Dimensions in mm)
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Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Dimensions and connections

See also outline drawing

Overall length max. 260 mm
Face diameter max. 102 mm
Base 14 pin all glass

" Net weight ' approx. 400 g
Accessories
Socket (supplied with tube) type 55566
Mu metal shield type 55547
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D10-160..

CAPACITANCES

x1 to all other elements except X9 Cx1(x2) 4 pF
x9 to all other elements except X Cx2(x1) 4 pF
y] to all other elements except y) Cyl(y2) 3.5. " pF
yg to all other elements except y Cya(yl) 3.5 . pF
X] to X9 Cx1x2 2.5 'pF
y1 to yg Cy1y2 1.5 ©pF
Control grid to all other elements Cg 1 6 DpF
Cathode to all other elements Ck 5 pF
FOCUSING electrostatic

DEFLECTION 3) double electrostatic
x plates symmetrical
y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates will
intercept part of the electron beam, hence a low impedance deflection plate drive is
desirable.

Angle between x and y traces 90 + 1°

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen under typical
operating conditions, adjusted for optimum spot size at abeam current I =10 uA. 1)

Line width l.w. 0.30 mm

l)As the construction of this tube does not permit a direct measurement of the
beam current, this current should be determined as follows:
a) under typical operating conditions, apply a small raster display (no overscan),
adjust Vgl for a beam current of approx. 10 uA and adjust Vg3 and Vg2,g4,g5,ﬂ
for optimum spot quality at the centre of the screen.
b) under these conditions, but no raster, the deflection plate voltages should be
changed to
Vy1 = Vy2 = 1500 V; Vx1 = 800 V; Vyo = 1200 V, thus directing the total beam
current to x2.
Measure the current on xgand adjust Vgl forIx2 =10 uA (being thebeam current Ip)
c) set again for the conditions under a), without touching the Vgl control. Now a
raster display with a true 10 uA screen current is achieved.
d) focus optimally in the centre of the screen (do not adjust the astigmatism con-
trol) and measure the line width.

3) See page 4
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TYPICAL OPERATING CONDITIONS 3)

Accelerator voltage ng ,g4,85,0 1500 V
Astigmatism control voltage AVgZ,g‘l,gS,ﬂ +30 vV 1)
Focusing electrode voltage Vg3 approx. 225 'V
Control grid voltage for visual

extinction of focused spot Vg1 approx.max. -5 Vv
Deflection factor, horizontal My 33 V/cm

vertical My 14.5 V/cm

Deviation of linearity of

deflection max. 2 % 2)
Useful scan, horizontal min. 80 mm

vertical min. 60 mm

LIMITING VALUES (Absolute max. rating system)

max. 2200 V

Accelerator voltage VgZ,g4,g5,ﬂ min 1350 V

Focusing electrode voltage Vg3 max. 2200 V

Control grid voltage, negative =Vgl 2?: 208 z

Vif max. 125 V

1

Cathode to heater voltage Sy — 125 v

Grid drive, average max. 20 V
Screen dissipation Wy max. 3 mW/cm

1) The astigmatism control electrode voltage should once be adjusted for optimum
spot shape in the centre of the screen. For any necessary adjustment the control
voltage will be within the stated range, if the mean x and certainly the mean y
plate potentials are equal to ng g4,g5,4 with astigmatism adjustment set to zero.

)The sensitivity at a deflection of less than 75 % of the useful scan will not differ
from the sensitivity at a deflection of 25 % of the useful scan by more than the in-
dicated value.

3) The mean x and certainly the meany plate potentials should be equal to ng g4,g5,0
with astigmatism adjustment set to zero.
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D10-170..

INSTRUMENT CATHODE-RAY TUBE

10 cm diameter flat faced oscilloscope tube with mesh.

QUICK REFERENCE DATA

Final accelerator voltage Vg7(£) 6 kV

Display area 80 x 60 mm?2

Deflection factor, horizontal My 13 V/cm

vertical My 3.5 V/cm
SCREEN
colour persistence
D10-170GH green medium short

Useful screen diameter min. 85 mm

Useful scan at Vg7(f)/vg2,g4 =6
horizontal min. 80 mm
vertical min. 60 mm

The useful scan may be shifted vertically to a max. of 5 mm with respect tothe
geometric centre of the faceplate.

HEATING: Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi 6.3 V

Heater current Ig 300 mA

Data based on pre-production tubes.
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MECHANICAL DATA Dimensions in mm
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Mounting position: any

The tube should notbe supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Dimensions and connections

See also outline drawing

Overall length (socket included) max. 335 mm
Face diameter max. 102 mm
Net weight approx. 500 g
Base 14 pin all glass

Accessories

Socket (supplied with tube) type 55566

Final accelerator contact connector type 55563
Mu-metal shield type 55548
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CAPACITANCES —
x] to all other elements except X9 Cxl(xz) 7 pF
X9 to all other elements except x| CXZ(XL) 7 pF
y1 to all other elements except y9 CYL(YZ) S5 pF
yo to all other elements except y] CYZ(YL) S5 pF
X1 to X9 CXLXZ 2.5 pF
y1toys Cyyys 1.5 pF
Control grid to all other elements Cgl 6 pF
Cathode to all other elements Ck 5 pF

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence alow impedance deflection plate
drive is desirable.

Angle between x and y traces 9 t 10

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen under
typical operating conditions, adjusted for optimum spot size at a beam current
I¢ = 10 pA.

Line width l.w. 045 mm
2.52
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TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7(!2) 6000 \Y%
Interplate shield voltage Vg6 1000 \Y%
Geometric control voltage Vg6 + 15 v 1)
Deflection plate shield voltage Vg5 1000 Vv 2)
/30 -236
Focusing electrode voltage Vg3 \Y%
First accelerator voltage Vg2,g4 1000 \Y
Astigmatism control voltage Ang,g4 + 30 A% 3)
Control grid voltage for visual 14—5%0
extinction of focused spot Vg1 7
. /g T
Deflection factor, horizontal MX/L“"‘ - alpf)rox. 13 V/cm
P Jes i 3.
vertical My approXr 3.5 V/cm L
S, s O F2 = 3D e,
Useful scan, horizontal min. 80 mm
vertical min. 60 mm
LIMITING VALUES (Absolute maximum rating system)
max. 6600 A
i 1 Vo7(2
Final accelerator voltage , . g7( ) . 4000 v
Interplate sh1elFl voltage and Vg6 — 2200 v
geometry control electrode voltage
Deflection plate shield voltage Vg5 max. 2200 \Y%
Focusing electrode voltage Vg3 max. 2200 A%
First accelerator and astigmatism v max. 2200 Vv
control electrode voltage g2.g4 min. 900 V
max. 200 v
Control grid voltage, ti -V .
ontrol grid voltage, negative gl - 0 v
A max. 125 A
kf
Cathode to heater voltage gt m— 125 v
Voltage between astxgmat1§m control Voa/x —_— 500 v
electrode and any deflection plate &
Vg4/y max. 500 A%
Grid drive, average max. 20 A%
Screen dissipation Wy max. 3 mW/ cm?
Ratio Vg7(!2)/Vg2,g4 Vg7(!2)/Vg2,g4 max. 6

For notes see page 5
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Notes

1) This tube is designed for optimum focus when operating at a ratio Vg7/Vg2,g4
not higher than 6.
The geometry electrode voltage should be adjusted within the indicated range
(values with respect to the mean x-plate potential). A negative control voltage will
cause some pincushion distortion and less background light, a positive control
voltage will'give some barrel distortion and a slight increase of background light.

2) The deflection plate shield voltage should be equal to the mean y-plate potential.
The mean x- and y-plate potentials should be equal for optimum spot quality.

3) The astigmatism control electrode voltage should be adjusted for optimum spot
shape. For any necessaryadjustment its potential will be within the stated range.

PBoiiron, o xGo — SEEXTHAE '

R M DO > -2 < Y& xo\ & \/MMP\
1 il C
[ B = | © ~ { O U
C . 1”7
Cen bt (4 — 3¢
3}
— A @ <

January 1968 | I 2






D13-15..

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat faced oscilloscope tube with thin metal backing and post
deflection acceleration by means of a helical electrode.

QUICK REFERENCE DATA

Final accelerator voltage Vg-(g) = 4000 V
Display area = 6x10 cm
Deflection factor, horizontal My = 22.9 V/cm
vertical I\/[y = 5.9 V/cm
SCREEN
Colour Persistence
D13-15BE blue medium short
D13-15GH green medium short
D13-15GM bluish green medium short
D13-15GP yellowish green long
Useful screen diameter min. 114 mm
Useful scan at Vg7(12)/Vg4 =2
horizontal min. 100 mm
vertical min. 60 mm

The useful scan may be shifted vertically to a max. of 4 mm with respect to the
geometric centre of the faceplate.
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Ve = 6.3V
300 mA

Heater current I¢

—
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MECHANICAL DATA (Dimensions in mm)

Ly Straight part of the bulb.
2) Location of the recessed cavity button
contact with respect to the x-trace.

. 133%15
, 2.0°+0.4 ~ };?I
e oo 0
< N7
E
R=706
o
3 o
+ o)
w0 ISSTRESS
5 R
0
+l
g
ooisoZ) Y
0% api A
51115

72070081 max 58.
-~

F

Mounting position : any

The tube should not be supported by the base alone and under no circumstances
should the socket beallowed to support the tube.

Base Diheptal medium shell

Dimensions and connections

Overall length max. 486 mm
Face diameter max. 134.5 mm
Net weight - approx. 910 g
Accessories
—  Socket type 2422 517 00001
Final accelerator contact connector type 55560
Side contact connector type 55561
Mu-metal shield type 55551
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CAPACITANCES
x1 to all other elements except X9 Cxl(xz) 2.8 pF
Xq to all other elements except x; CXZ(XI) 2.8 pF
y1 to all other elements except y2 Cyl(yz) 2.8 pF
yo to all other elements except y; CYZ(Yl) 2.8 pF
X] to X9 Cxlx2 1.9 pF
yitoys CYlY,’Z = 1.5 pF
Control grid to all other elements Cgl = 5.5 pF
Cathode to all other elements Ck = 3.5 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

X plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces 90° + 1°
LINE WIDTH
Measured with the shrinking raster method in the centre of the screen
Final accelerator voltage Vor(2) = 4000 V
Astigmatism control electrode voltage Vg4 = 2000 VI
First accelerator voltage ng = 2000 V
Beam current I(p) = 10 upA
Line width l.w. = 0.5 mm
HELIX
Post deflection accelerator helix resistance min. 300 M2

3) See page 6
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TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7( 0) © 4000 V
Geometry control electrode voltage Vg, = 2000+ 200 V Ly
Deflection plate shield voltage Vgo = 2000 V2)
Astigmatism control electrode voltage Vg4 = 2000 + 100 V 3)
Focusing electrode voltage Vg3 = 220to 710 V
First accelerator voltage ng = 2000 V
Control grid voltage for visual

extinction of focused spot —Vgl = 60to 96 V

Deflection factor

horizontal My = 19.8t026.5 V/cm

vertical My = 5.1to 6.7 V/cm
Deviation of linearity of deflection = max. 2 % 4)
Geometry distortion See note 5

Useful scan
horizontal = min. 100 mm

vertical = min. 60 mm

CIRCUIT DESIGN VALUES

Focusing voltage

OQ<
1

110 to 355 V per kV of Vg4

3
Control grid voltage for visual
extinction of focused spot -Vgl = 30to 48 V per kV of ng
Deflection factor at
Ver(e) Vgq =2

horizontal M, = 11.9to 15.6 V/cm per kV of Vg4

vertical My = 3.3to 4.0 V/cm per kV of Vg4
Control grid circuitresistance Rgl = max. 1.5 MQ
Deflection plate circuit

resistance Rx,Ry = max. S MQ
Focusing electrode current Ig3 = -15to +10 MA 6)

1)2)3)4)5)0) See page 6
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D13-15..

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vg7(g) : 2?: 2288 x
Geometry control electrode voltage Vg6 = max. 2200 V
Deflection plate shield voltage VgS = max. 2200 V
Astigmatism control electroizltage . = max. 2200 V
84 = min. 1000 V
Focusing electrode voltage VgS = max. 1500 V
First accelerator voltage ng = max. 2200 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vgl = max. 0 Vv
positive peak Vglp = max. 2 Vv
Cathode to heater voltage
cathode positive ' V+k/f- = max. 200 V
cathode negative V-k/f+ = max. 125 V
Voltage between astigmatism control
electrode and any deflection plate Vg /x = max. 500 V
Vg /y = max. 500 V
Screen dissipation Wy = max. 3 mW/cm2
Ratio Vg7(;z )/Vg4 Vg7( 0 )/Vg4 = max. 4
Ratio Vg2/Vg4 ng/Vg4 = max. 1
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D13-15..

Ly This tube is designed for optimum performance when operating at the ratio
Vg7(!2 )/ng = 2. Operation at higher ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment

its potential will be within the stated range.
2) This voltage should be equal to the mean x- and y plates potential.

3) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

4) The sensitivity at a deflection of less than 75% of the useful scan will not
differ from the sensitivity at a deflection of 25% of the useful scan by more
than the indicated value.

5)A graticule, consisting of concentric rectangles of 60 mm x 100 mm and
58.5 mm x 98 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these ractangles with optimum correction poten-
tials applied.

6) Values to be taken into account for the calculation of the focus potentiometer.
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D13-16..

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with flat 13 cm diameter face, post deflection acceleration by
means of a helical electrode, metal backed screen, deflection blanking and sec-
tioned y deflector plates. The tube is designed to display high frequencies com- -
bined with a high writing speed.

QUICK REFERENCE DATA

Final accelerator voltage Vgg(l) = 10 kV
Display area = 6x10 cm
Deflection factor, horizontal My max. 18 V/cm
vertical My = 6 V/cm
SCREEN
Colour Persistence
D13-16BE blue medium short
D13-16GH green medium short
D13-16GP bluish green medium short
Useful screen diameter min. 114 mm
Useful scan at Vgg(é)/vgs =6
horizontal min. 100 mm
vertical min. 60 mm
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi = 6.3 V
Heater current L = 300 mA
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D13-16..

MECHANICAL DATA SR Dimensions in mm
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Mounting position: any

The socket should under no circumstances be used to support the tube.

Base 14 pin all glass
Dimensions and connections

Overall length (inclusive socket 55566) max. 600 mm

Face diameter max. 134.5 mm
Net weight: approx. 1300 g
Accessories

Socket (supplied with tube) type 55566

Final accelerator contact connector type 55563

Side contact connector type 55561

Mu -metal shield type 55554 %)

1y Straight part

2) The tolerance of the position of the neck pins with respect to the x-trace is
4 29, .

3) The tolerance of the position of the base pins with respect to the x-trace is
+10°.

4) See page 0.
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D13-16..

CAPACITANCES
X1 to all other elements except x2 Cxl(XZ)
x2 to all other elements except x] CXZ(XI)
y1.1 to all other elements except

¥2+¥1.2°¥1.3:Y1.4

Vg1 to all other elements except
¥1:¥2.2:Y2.3:72.4

X] to X9 Cx 1X9
Y119 32,1 Cy1.10v2.1
Control grid to all other elements Cgl
Cathode to all other elements Ck
g3 to all other elements Cg3
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

Cy1.102,y1.2:y1.3.V1.4)

Cyo 101:¥2.2:2.3:¥2.4)

-

L;
w ut o o
\O o O ~ w o

pF
pF

pF

pF
pF
pF
pF
pE
pF

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam near the edge of the scan, hence a low

impedance deflection plate drive is desirable.

Angle between x and y traces

LINE WIDTH

900 See "Correction Coils"

Measured with the shrinking raster method in the centre of the screen

Final accelerator voltage Vgg(ﬂ)
Astigmatism control electrode voltage VgS
First accelerator voltage ng
Beam current Igg(jz)
Line width l.w.

HELIX
Post deflection acc. helix resistance
The helix is connected between gg(£) and gg

S) See page 6

min,

10000
1670
1670

10
0.35

300

v5)

MA

MQ
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D13-16..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg9(ﬂ)
Geometry control electrode voltage Vg8 =
Deflection plate shield voltage Vg7 =
Beam centring electrode voltage Vg6 =
Astigmatism control electrode voltage Vg5 =
Focusing electrode voltage Vg4 =
Deflection blanking electrode voltage Vg3 =
Deflection blanking control voltage AVg3 =
First accelerator voltage ng =
Control grid voltage for visual extinction
of focused spot —Vgl =

Deflection factor

horizontal Mx =

vertical My =

Deviation of linearity of deflection =
Geometry distortion See note 8
Useful scan

horizontal =

vertical =

1y23)5)6y7y8)  See page 6

10000
1670 + 100
1670

1670 + 20
1670 + 100
230 to 500
1670

max. 60

1670

50 to 120

max. 18
5.6t0 6.6

max. 2

100
60

v

V/cm
V/cm
%7

>
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D13-16..

LIMITING VALUES (Absolute limits)

Final accelerator voltage Vgg({) z 2?1)1( 13888 X
Geometry control electrode voltage Vg8 = max. 2500 V
Deflection plate shield voltage Vg7 = max. 2500 V
Beam centring electrode voltage Vg() = max. 2500 V
Astigmatism control electrode voltage VgS = max. 2500 V
Focusing electrode voltage Vg4 = max. 2500 V
Deflection blanking electrode voltage VgS = max. 2500 V
First accelerator voltage ng Z Ei): figg z
Control grid voltage

negative _Vgl = max. 200 V

positive Vgl = max. 0

positive peak Vglp = max. 2.V
Voltage between cathode and heater

cathode positive Vik/f- = max. 200 V

cathode negative V_k/f+ = max. 125 V
Ratio Vgg(l)/Vgs Vggu)/vgs = max. 10
Ratio ng/Vg5 Vg2/Vg5 = max. 1
Screen dissipation W, = max. 3 rnW/c:m2
Average cathode current Ix = max. 300 uA
CIRCUIT DESIGN VALUES
Focusing electrode voltage Vg4 = 138 to 300 V per kV of ng
Control grid voltage for visual

extinction of focused spot —'\/gl = 24to 72 V per kV of ng

Deflection factor at Vg9([)/Vg5 =6

horizontal My = max. 10.8 V/cm per kV of Vg5

vertical My = 3.4t0o4.0 V/cm per kV of Vg5
Focusing electrode current Ig4 = -10to+15 uA
Control grid circuit resistance Rgl = max. 1.5 MQ
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D13-16..

1y This tube is designed for optimum performance when operating at the ratio

Vg @)/ Vg = 6.
gl " BS . g g ! : :

Opeération at other ratio may result in changes in deflection uniformity and
geometry distortion.
The geometry control electrode voltage should be adjusted for optimum per-
formance. For any necessary adjustment its potential will be within the stated
range.

2y This voltage should be equal to the mean x and y plates potential.

3) The beam centring electrode voltage should be adjusted for equal brightness
in the x direction with respect to the electrical centre of the tube.

4) To avoid damaging the side contacts the narrower end of the mu-metal shield
should have an internal diameter of not less than 70 mm.

5) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

6) For beam blanking of a beam current Igg(g) of 10 pA.

7) The sensitivity at a deflection of less than 75% of the useful scan will not dif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than
the indicated value.

8) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and
98 mm x 58.2 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction po-
tentials applied.

l | January 1968
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D13-16..

CORRECTION COILS
The D13-16.. is provided with a coil unit consisting of a pair of coils for:

a. Correction of the orthogonality of the x and y traces (which means that at

the centre of the screen the angle between the x and y traces can be made
exactly 90°).

b. Vertical shift of the scanned area.

DETAIL DRAWING OF COIL UNIT Dimensions in mm

max 1149

| I

\ - j
\‘ !
= m J~R =708
=< /
g 1
SR ””""Hl
7207108 u:j
max62#

The currents required under typical operating conditions, the tube being
screened by a mu-metal shield closely surrounding the coils (e.g. 55554), are
max. 2.5 mA per degree of angle correction and max. 2 mA per mm of shift.
If not such shield is used these values have to be multiplied by a factor k
(1 < k< 2), the value of which depends on the diameter of the shield and ap-
proaches 2 for the case no shield is present.

The D.C. resistance is approx. 180 €2 per coil.

When designing the supply circuit for these coils it should be considered that
the maximum current required in either coil can be 15 mA.

—— ey
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D13-16..

Circuit diagrams

A suitable circuit permitting independent controls of orthogonality correction
and vertical shift is given in fig.1.

P

e}
12V

max75mA

o

7207109

Py, Py : Potentiometers 220 2, 1 Watt, ganged
Py, P3 : Potentiometers 100 2, 0, 5 Watt, ganged
R}, Ry, Rg, R4 : Resistors 56 2, 0,5 Watt
Fig.1
The dissipation in the potentiometers can be reduced considerably if the re-
quirement of independent controls is dropped (see fig.2).

o
3V

max90mA o

Py, Py : Potentiometers, 220 €2, 0,5 Watt, ganged
P3, P4 : Potentiometers, 220 2, 0,5 Watt, ganged

Fig.2
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D13-16..

A further reduction of the dissipation can be obtained by inserting a commu-
tator for each coil (see fig. 3).

The procedure of adjustment will then become more complicated, but it should
be kept in mind that a readjustment is necessary only when the tube has to be

replaced.
S
3V 0 Ly
max 60mA 5

Py, P9 : Potentiometers, 500 2, 0,5 Watt.
S1, S : Commutators

AAAANA A

Py

AVVVVVV
5 Y
wn
[N

720711

Fig.3
For the adjustment of the currents the following procedure is recommended:

a. With the tube fully scanned in the vertical direction the scanned area must
be shifted so that the useful vertical scan on either side of the geometric
centre of the screen meets the published value of 30 mm min.

With the circuit according to fig.1 this is done by means of the ganged po-
tentiometers P] and Pyq.

b. Adjustment of orthogonality by means of the ganged potentiometers P9 and
P3 in fig.1l. A slight readjustment of P] and P4 may be necessary after-
wards.

With a circuit according to fig.2 or 3 these corrections have to be performed
by means of successive adjustments of the currents in the coils.

The most convenient deflection signal isa square waveform permitting an easy
and fairly accurate check of orthogonality.
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D13-16../01

INSTRUMENT CATHODE-RAY TUBE

The D13-16../01 is equivalent to the D13-16.. but features an internal grati-
cule. This graticule can be illuminated.

MECHANICAL DATA Dimensions in mm -~

_ $133 15 -
( $132 £15 e
|- - £

— 1 cemented L)

+1 RN ee——— R |

R S e e

10 x 10 =100

N

sub-division 2mm

60

6 x10

72071001 \
line width 0.2 mm

Maximum angle between x-trace and
x-axis of the graticule +5

1) Clear area for light conductor.
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D13-16../01

ALIGNMENT

In order to align the x-trace and the x-axis of the graticule an image rotating
coil may be used. This coil should be positioned atone third of the cone length,
seen from the face end, and can be attached to the inner surface of the mu-
metal shield.

Under typical operating conditions maximum 50 ampere-turns are required for
alignment.

ILLUMINATION

To illuminate the internal graticule the use of a light conductor (e.g. of Per-
spex) is obligatory. The following design considerations should be observed:

In order to achieve the most efficient light conductance the holes for the light
bulb as well as the contact area with the front plate should be polished. The
contact with the edges of the front plate should be as close as possible and the
edges of the front plate and the corresponding hole in the light conductor should
be parallel to achieve light beams perpendicular to the edges. It is advised to
apply reflective material to the outer circumference of the conductor and if
possible also to both planes (see drawing).

4) light conductor frontplate of tube

|
|
a
I

7207099

N4 2) 2)3)

l) Reflective material.
2) Polished.

3) Close and constant distance to front plate of tube.
It is essential that the light conductor and the front plate of the tube are in
plane.

4) If possible reflective material.
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MAINTENANCE TYPE D13-19..

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with flat face post deflection acceleration by means of a helical
electrode, side contacts, metal backed screen, 6 cm scan for high frequency
and high writing speed applications.

QUICK REFERENCE DATA
Final accelerator voltage Vg7 (g) ~ 10 kV
Display area = 6x10 cm
Deflection factor, horizontal Mx = 30 V/cm
vertical My = 10.9 V/cm
SCREEN
colour persistence
D13-19BE blue medium short
D13-19GH green medium short
D13-19GM bluish green medium short
D13-19GP yellowish green long
Useful screen diameter min. 114 mm
Useful scan at Vg7 (Q)/Vg4 =6
horizontal min. 100 mm
vertical min. 60 mm

The useful scan may be shifted vertically to a max. of 3 mm with respect to the
geometric centre of the faceplate.

HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Vg, = 6.3 ..V

Heater current I = 300 mA

January 1968 1




D13-19..

MECHANICAL DATA

1y Straight part of the bulb
2) Location of the recessed cavity button
contact with respect to the x-trace.

2.0°+0.4
1]

!
I
L
5.0°+04

Detail of side contact

7207000

1.65+£0.40 min2

7201268.

72070071

frf
Mounting position: any

Dimensions in mm

133%15
iR
v7
/?=706‘ o
iy
B
N
wn
+
o
N+
=3
L '
57%15]
&
2
8
_%{

ax 58. 7201267,
oo

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.
Base Diheptal

Dimensions and connections

See also outline drawing

Overall length

Face diameter

max.

max.

452 mm
134.5 mm

Net weight: approx. 910 g
Accessories
Socket type 2422 517 00001
Final accelerator contact connector type 55563
Side contact connector type 55561
Mu-metal shield type 55551
2 H MAINTENANCE TYPE January 1968



D13-19..

CAPACITANCES
x] to all other elements except x9 Cxl (XZ) = 3.0 pF
X9 to all other elements except x; Cx2 (x) ~ 3.0 pF
y1 to all other elements except yo Cyl (yg) = 3.0 pF
yo to all other elements except y| Cy2 (Yl) = 3.0 pF
X to Xg Cxlx2 1.9 pF
yitoyy CleZ 1.0 pF
Control grid to all other elements Cgl = 6.0 pF
Cathode to all other elements Ck = 3.5 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

X plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces. 909 + 19

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vg7 (0) 10 kV
Astigmatism control electrode voltage Vg4 = 1670 V3)
First accelerator voltage ng = 1670 V
Beam current I(o) = 10 pA
Line width l.w. = 0.4 mm
HELIX
Post deflection accelerator -helix resistance =  min. 200 M@
3) See page 6
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D13-19..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg (2) © 10 kV
Geometry control electrode voltage Vgé = 1670 + 170 V Ly
Deflection plate shield voltage Vgs = 1670 £ 85 V?2)
Astigmatism control electrode voltage Vg4 = 1670 + 85 V 3)
Focusing electrode voltage Vg3 = 320 to 500 V
First accelerator voltage ng = 1670 'V
Control grid voltage for visual
extinction of focused spot -—Vgl = 53to 82 V
Deflection factor, horizontal My = 27 to 33 V/cm
vertical My = 9.5t012.4 V/cm
Deviation of linearity of deflection = max. 2 % 4)
Geometry distortion See note °)
Useful scan, horizontal = min. 100 mm
vertical = min. 60 mm

CIRCUIT DESIGN VALUES

Focusing voltage Vg = 190 to 300 V per kV of Vg4

Control grid voltage for visual
extinction of focused spot —Vgl = 32 to 49 V per kV of ng
Deflection factor at

Vg7 (0Y Ves = ©

horizontal My = 16 to 20 V/cm per kV of Vg4
vertical My = 5.7 to 7.4 V/cm per kV of Vg4
Control grid circuit resistance Rgl = max. 1.5 MQ
Deflection plate circuit
resistance Ry, Ry = max. 1 M@
Focusing electrode current IgS = -15to+10 uA 0)

1)2)3)4)5)0) see page 6

S
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D13-19..

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vg7 (0)
Geometry control electrode voltage Vg6
Deflection plate shield voltage Vg5

Astigmatism control electrode voltage 'V

g4
Focusing electrode voltage Vg3
First accelerator voltage ng

Control grid voltage

negative —Vg 1
positive Vgl
positive peak Vglp

Cathode to heater voltage
cathode positive V+k/f-
cathode negative V-k/f+

Voltage between astigmatism control

electrode and any deflection plate Veu/x
Vea/y
Screen dissipation Wy

max.

min.

max.

max.

max.

min.

max.

max.

min.

max.

max.

max.

max.

max.

max.

max.

max.

max.

12

2200
2100

2100
1000

1500

2100
1000

200
125

500
500

kV

<< & €< < <

< <

mW/cm?2
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D13-19..

l) This tube is designed for optimum performance when operating at the ratio
Vg7<ﬂ )/Vg4 = 6. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) This voltage should be equal to the mean x- and y plates potential.

3) The astigmatism control electrode voltage should be adjusted for optimum

spot shape. For any necessary adjustment its potential will be within the
stated range.

4) The sensitivity at a deflection of less than 75 % of the useful scan will not
differ from the sensitivity at a deflection of 25 % of the useful scan by more
than the indicated value.

5) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and
98 mm x 58.2 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these ractangles with optimum correction poten-
tials applied.

0) Values to be taken into account for the calculation of the focus potentiometer .
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MAINTENANCE TYPE D13-21..

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with flat face post deflectionacceleration by means of a helical
electrode, side contacts, metal backed screen, 4 cm scan for high frequency
and high writing speed applications.

QUICK REFERENCE DATA
Final accelerator voltage Vg (g) = 10 kV
Display area = 4x10 cm
Deflection factor, horizontal My = 30 V/cm
vertical My = 6.4 V/cm
SCREEN
colour persistence
D13-21BE blue medium short
D13-21GH green medium short
D13-21GP bluish green medium short
D13-21GM yellowish green long
Useful screen diameter min. 114 mm
Useful scan at Vg, (g)/vg4 =6
horizontal min. 100 mm
vertical min. 40 mm

The useful scan may be shifted vertically to a max. of 3 mm with respect to the
geometric centre of the faceplate.

HEATING

Indirect by A.C. or D.C.; parallel supply
Heater voltage Vg-= 6.3 V
Heater current Ir = 300 mA

—
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D13-21..

MECHANICAL DATA Dimensions in mm
1) Straight part of the bulb. 133415
2)"Location of the recessed cavity button “———>_' -
contact with respect to the x -trace. 1 S 31’1
20404 \ W
1% 97
2 e R=706 o
E IR + .;.?
3 L1 B
3| soszos N
o .0% 0. " ‘
" Detail of side contact o;\Q < |\
: 45° B
N
‘\ "4‘%001502)
t =%

51115

Q
N
‘Amax 19.7

max 58. 720314
-l

72070081

£
Mounting position: any

The tube should not be supported by the base alone and under nocircumstances
should the socket be allowed to support the tube.

Base Diheptal 12 pins

Dimensions and connections

See also outline drawing

Overall length max. 468 mm

Face diameter max. 134.5 mm
Net weight: approx. 910 g
Accessories

Socket type 2422 517 00001

Final accelerator contact connector type 55563

Side contact connector type 55561

Mu-metal shield type 55551
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D13-21..

CAPACITANCES

x to all other elements except X9 Cxl (XZ) = 2.8 pF
X, to all other elements except X sz (Xl) = 2.8 pF
y, to all other elements except P Cyl (Yz) = 2.8 pF
yo to all other elements except yj CYZ (yp) ~ 2.8 ~pF
X] to X9 Cx1x2 = 1.9 pF
y1 to ¥g CYlYZ = 1,5 pE
Control grid to all other elements Cgl = 6.0 pF
Cathode to all other elements Ck = 3.5 pF

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces 900 + 1°

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vg7 ) ° 10 kV
Astigmatism control electrode voltage Vg4 = 1670 VS)
First accelerator voltage ng = 1670 V
Beam current I(ﬂ ) = 10 pA
Line width lL.w. = 0.4 mm
HELIX

Post deflection accelerator helix resistance = min. 200 M@

3) See page 6
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D13-21..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7 (2) ~ 10 kV
Geometry control electrode voltage Vgé = 1670 + 170 V1)
Deflection plate shield voltage VgS = 1670 + 85 V?2)
Astigmatism control electrode voltage Vg4 = 1670 + 85 V 3)
Focusing electrode voltage Vg3 = 320 to 500 V
First accelerator voltage ng = 1670 'V
Control grid voltage for visual
extinction of focused spot Vgl = -50 to-80 V
Deflection factor, horizontal My = 27 to 33 V/cm
vertical My = 5.7to7.1 V/cm
Deviation of linearity deflection
horizontal = max, 1:5 "% 4)
vertical = max. 1.0 %%
Geometry distortion See note 5
Useful scan, horizontal = min. 100 mm
vertical = min. 40 mm

CIRCUIT DESIGN VALUES

Focusing electrode Vg = 190 to 300 V per kV of Vg4
Control grid voltage for visual
extinction of focused spot —Vgl = 30to 48 V per kV of ng
Deflection factor at
Vg7 (9)/Vea = 6
horizontal My =16.2t019.8 V/cm per kV of Vg
vertical My = 3.4t04.25 V/cm per kV of Vg4
Control grid circuit resistance Rgl = max. 1.5 MQ
Deflection plate circuit
resistance Ry, Ry = max. 1.0 M@
y
Focusing electrode current Ig = -15to +10 A 6)

1)2)3y41516) Sce page 6

S
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D13-21..

LIMITING VALUES (Absolute max. rating system)
= max. 12 kV

Final accelerator voltage Vg7(£) —_— 6 KV
Geometry control electrode voltage Vgé = max. 2200 V
Deflection plate shield voltage VgS = max. 2100 V
Astigmatism control electrode voltage Vg4 Z Ei}: fégg X
Focusing electrode voltage Vgs = max. 1500 V
First accelerator voltage ng z rl’:ll?l’): f(l)gg X

Control grid voltage

negative —Vgl = max. 200 V
positive Vgl = max. 0 Vv
positive peak Vglp = max. 2V
Cathode to heater voltage
cathode positive V+k/f- = max. 200 V
cathode negative V-k/f+ = max. 125 V
Voltage between astigmatism control
electrode and any deflection plate Vg4/x = max. 500 V
Vg 4/y = max. 500 V
Screen dissipation Wy = max. 3 mW/cm?2
Ratio Vg7 (Q)/Vg4 Vg7 (Q)/Vg4 = max. 6
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D13-21..

l) This tube is designed for optimum performance when operating at the ratio
Vg7 g )/Vg4 = 6. Operation at other ratio may result in changes indeflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessaryadjustment
its potential will be within the stated range.

2) This voltage should be equal to the mean x- and y plates potential.

3) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

4) The sensitivity at a deflection of less than 75 % of the useful scan will not
differ from the sensitivity at a deflection of 25 % of the useful scan by more
than the indicated value.

5) A graticule, consisting of concentric rectangles of 100 mm x 40 mm and
98.8 mm x 39 mm isaligned with the electrical x axis of the tube. The edges
of a raster will fall betweenthese rectangles with optimum correction poten-
tials applied.

6) Values to be taken into account for the calculation of the Vg3 —potentiometer.
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D13-23..

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat faced oscilloscope tube, with metal-backed screen, helical
PDA and side connections to the x and y plates. The y plates are intended to be
included in a resonant circuit tunable to frequencies from 300 MHz to 900 MHz
by means of adapter units outside the tube. This tube incorporates deflection
blanking and is intended for high frequency, narrow bandwidth displays.

QUICK REFERENCE DATA

Final accelerator voltage Vgg(ﬂ) = 6 kV
Display area = 5x10 cm
Deflection factor, horizontal My = max. 14 V/cm
vertical My See note 1
SCREEN
colour persistence
D13-23GH green medium short
Useful screen diameter min. 114 mm
Useful scan at Vgg(ﬂ)/vgs =5
horizontal min. 100 mm
vertical min. 50 mm

The useful scan may be shifted vertically to a max. of 5 mm with respect to the
geometric centre of the faceplate.

HEATING
Indirect by A C. or D.C.; parallel supply

Heater voltage Ve = 6,3 'V
300 mA

Heater current If

January 1968 H ” 1



D13-23..

MECHANICAL DATA

2.0°+0.4
1]

i

i I
5.0%+04

Detail of side contact

7207000

1.65+0.40 min2

72070101

f f

X-trace

Mounting position: any
The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base

Dimensions in mm

Dimensions and connections

Overall length (inclusive socket 55566)

Face diameter

Net weight:

Accessories:

Socket (supplied with the tube)
Final accelerator contact connector
Side contact connector

Mu-metal shield

1) Straight part

J22°+4°
v=L4° 2)

13315

r35+2

‘D/?
7o)

163"

40245
4514

5765

14 pins all glass

max. 596 mm
max. 134.5 mm
approx. 1300 g
type 55566
type 55563
type 55561
type 55554

3 ji }4)

72070121

2) The tolerance of the position of the neck pins with respect to the x-trace is

+29,

3) The tolerance of the position of the base pins with respect to the x-trace is

+10°.

4) To avoid damaging the side contacts the narrower end of the mu-metal shield
should have an internal diameter of not less than 70 mm.

S
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D13-23..

CAPACITANCES
x] to all other elements except Xo CXI(XZ) 2.8 pF
X9 to all other elements except x| CXZ(XI) 2.8 pF
X] to x2 CXlXZ 2.3 pF
Control grid to all other elements Cgl = 5.0 pF
Cathode to all other elements Ck = 3.5 DF
Deflection blanking electrode to all other elements ng = 9 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y plates 90° + 19

HELIX

Post deflection accelerator helix resistance min. 300 MQ

CIRCUIT DESIGN VALUES

Focusing voltage Vg4 = 138 to 300 V per kV of ng
Control grid voltage for visual
extinction of focused spot —Vgl = 24 to 72 V per kV of ng

Deflection factor at Vgg(!z )/VgS =5

horizontal My = max. 10.8 V/cm per kV of Vg5

vertical My See note 1
Control grid circuit resistance Rgl = max. 1.5 MR2
Deflection plate circuit resistance Rx Ry = max. 50 kQ
Focusing electrode current Ig4 = +15to -10 pA 2)

1) Depends on the frequency and the adaptors being used.
2y Values to be taken into account for the calculation of the focus potentiometer .
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D13-23..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgg(ﬂ) = 6000 V
Geometry control electrode voltage Vg8 = 1300 + 100 Vv L)
Deflection plate shield voltage Vg7 = 1300 V 2)
Beam centring electrode voltage Vg6 = 1300+ 20 V 3)
Astigmatism control electrode voltage Vgs = 1300 + 100 V %)
Focusing electrode voltage Vg4 = 180to 390 V
Deflection blanking electrode voltage » Vg3 = 1300 V
Deflection blanking control voltage AVg3 = max. 60 V 9)
First accelerator voltage ng = 1300 V
Control grid voltage for visual extinction
of focused spot —Vgl = 3lte 93 V

Deflection factor

horizontal My = max. 14 V/cm

vertical See note 7
Geometry distortion See note 6
Useful scan

horizontal = min. 100 mm

vertical = min. 50 mm

1y This tube is designed for optimum performance when operating at the ratio
Vgg(g)/Vgs = 5. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) This voltage should be equal to the mean x- and y plates potential.

3) The beam centring electrode voltage should be adjusted for equal brightness
in the x direction with respect to the electrical centre of the tube.

4) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

5) For beam blanking of a beam current of 10 puA.

6) A graticule, consisting of concentric rectangles of 100 mm x 50 mm and
98 mmx 48.2 mm is aligned with the electrical x aixs of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-
tials applied.

7) Depends on the frequency and the adaptors being used.

772 5540
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D13-23..

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vgg(g) : Ei}f 1(5)(0)88 217
Geometry control electrode voltage Vg8 = max. 2000 V
Deflection plate shield voltage Vg7 = max. 2000 V
Beam centring electrode voltage Vg6 = max. 2000 V
Astigmatism control electrode voltage Vg5 = max. 2000 V
Focusing electrode voltage Vg4 = max. 2000 V
Deflection blanking electrode voltage Vg3 = max. 2000 V
First accelerator voltage Vg o omax G
2 = min. 1200 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vgl = max. 0 Vv
positive peak Vglp = max. 2V
Cathode to heater voltage
cathode positive Vik/f- = max. 200 V
cathode negative V—k/f+ = max. 125 V
Voltage between astigmatism electrode Vg /x = max. 500 V
and any deflection plate VgS/Y = max. 500 V
Cathode current (average) Ik = max. 300 mA
Screen dissipation Wy = max. 3 mW/crn2
Ratio Vgg(f )/Vgs Vgg(g )/VgS = max. 10
Ratio '\/gg/Vgs ng/Vg5 = max. 1
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D13-23..

APPLICATION DATA

The D13-23GH is intended for use at ultra high frequencies as a monitor of
transmitter output.

To achieve the necessary sensitivity the y-deflection plates are designed to
form part of a tuned circuit, resonant at the carrier frequency of the transmit-
ter. Details of the coupling units and tuning arrangements are given below.

Mechanical construction of the coupling units
Unit 1 Unit 2 Unit 3

(475 to 575 MHz) (500 to 775 MHz) (675 to 900 MHz)

Coil former

Length 20 20 18 mm

Diameter 9 9 3 mm
Primary

No. of turns 4 15 1.5

Wire diameter 0.9 0.9 0.9 mm

Approx. coil length 14 10 7 mm
Secondary

No. of turns - 2 2

Wire diameter 0.5 1.5 0.9 mm

Approx. coil length 14 10 7 mm
Trimming capacitance 0.6to 12 0.5to 6 0.5to 6 PpF

Copper wire is used for all primary windings and enamelled copper wire is used
for the secondaries.

The secondary turns are wound between the primary turns.

The trimmer capacitors of units 1 and 2 are connected between the secondary
transformer windings in order to obtain good symmetry.

For unit 3 the trimmer is connected between secondary transformer windings
and one connecting pin of the deflection system in order not to reduce the cou-
pling factor.
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D13-23..

APPLICATION DATA (continued)

330k 330k Q)
FL
O— o—
Ct
o=y Ct side pins o— side' pins Cp
o— o—
330k Jz‘l-
7203226 7203227
Unit 1 and 2 Unit 3
fig.1 fig.2
Ct = trimmer capacitance
Cp = plate capacitance

o
I

inductivity of the strips between deflection system and pins in the neck of
the tube

Measurement of vertical sensitivity as a function of frequency

1. Adjust the trimmer so that the trimming capacitance is a minimum, to ena-
able resonance at the highest frequency to be obtained.

2. Change the frequency of the signal generator and adjust the trimming capac-
itance successively until a maximum deflection is obtained on the tube face.
Some care must be taken with these adjustments because several spurious
resonances will be observed.

3. When the resonance frequency has been found, the input impedance of the
tube must be transformed to exactly 502 to obtain a well defined signal volt-
age. For this purpose a transforming circuit is needed as shown in fig.3,
and any reflectometer would be suitable. The impedance is matched when no
reflection is measured and zero reflection can be obtained by the successive
adjustment of the stubs, 1 and 2 shown in fig.3.

4. The tube should now be connected to the generator and the output power reg-
ulated for a scan of 5 cm.

5. Replace the tube by a Watt-meter to measure the output power, see fig.4.
The signal voltage can be calculated from:
VRMS = WxR = 7.07 W

The above procedure must be repeated for matching, each time the operating
frequency of the tube is altered.
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D13-23..

APPLICATION DATA (continued)

Unit Frequency (MHz)

W W WwwWwWwN N~ -

All measurements:

Typical power and sensitivity values

445
480
540
565
680
680
750
800
850
900

1300 V)
6000 V )

¥82+5
&9

Power (mW)

37
39
35
46
69
91
110
195
240
390

Sensitivity (VRMS/5 cm)

W WN N — =

.36
.40
.66
.52
.86
.14
.35

with respect to cathode

It should be noted that an increase in acceleration voltage will cause a loss of
sensitivity at the lowest frequencies. At the higher frequencies this loss will
partly be compensated by the decrease of the transit-time so that at 900 MHz
the acceleration voltage can be increased to 2000 V, without changing the sen-

sitivity .

generator '_‘/d‘ ' -

7204066

Set-up for transformation to 50 2

AR /AR
| e D= D=

7204065

A: to adjust 50 mm scan

B: to measure output power

oo 1 |

Zg-diagraph __fq\_é\\\_&_/ ~N\-

Z.D.D.

\\
\
\\;@

500 T piece
874~T

tube

/)

unit

coupling

tube

- Watt-
meter

H
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25

A
trimmer

| _General Radio plug
type 874

viewAB

trimmer

7204067

view CD
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OBSOLESCENT TYPE D13-24..

INSTRUMENT CATHODE-RAY TUBE

The D13-24BE is a wide-band oscilloscope tube especially designed for obser-
vation and measurement of high frequency (1000 MHz) phenomena.

QUICK REFERENCE DATA

Final accelerator voltage Vgg(g) 24 kv

Display area 2% 6 cm

Deflection factor, horizontal My max. 32 V/cm

vertical My max. 8 V/cm
SCREEN
colour persistence
D13-24BE blue medium short

Useful screen diameter min. 114 mm

Useful scan at Vgg(ﬁ)/Vg5 =8
horizontal min. 60 mm

vertical min. 20 mm

The useful scan may be shifted vertically to a max. of 10 mm with respect to
the geometric centre of the faceplate. The vertical useful scan will be at least
8 mm in either direction from the position of the undeflected spot, with a total
of at least 20 mm. A positive voltage on the vertical deflection system will de-
flect the beam towards pin no.7.

DESCRIPTION

The D13-24BE is a wide-band oscilloscope tube especially designed for obser-
vation and measurement of high frequency (1000 MHz) phenomena.

The high-frequency performance of conventional oscilloscope tubes is limited
by transit-time effects and by resonance phenomena occurring in the circuit con-
sisting of the deflection plates and their connection leads.

—
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D13-24..

In order to overcome these limitations a travelling-wave deflection system is
used in the D13-24BE. This deflection system consists of a metal tape wound in
the shape of a flattened helix and the electron beam is deflected in the region
between the flat part of the helix and a metal plate inserted into the helix. This
metal plate is interconnected to the shield surrounding the system.

The mechanical dimensions of the helix have so been chosen that the signal delay
per turn is equal to the electron transit-time per turn. This means that the tran-
sit-time effects are determined by the width of one turn only, whereas the de-
felction sensitivity is determined by the sum of the deviations of the beam due to
the field of all the turns.

As for the transmissions of wide band signals containing ultra-high frequencies
coaxial lines are most suitable. The deflection system has been designed for
asymmetrical deflection (helix and plate are connected to inner and outer con-
ductor respectively).

For the connection between the deflection system and coaxial plugs a three
strip transmission-line is used which is brought out through the tube neck by
means of pins sealed into the glass. The transition to coaxial plugs is made
outside the tube. The characteristic impedance of the tube is 100 Ohms, and a
modified version of the well-known General Radio type 874 coaxial connector is
used (The diameter of the inner conductor has been reduced so as to obtain
100 Ohm impedance). Both input and output of the deflection system have been
brought out through the tube neck so that it is possible to pick up the signal
which is being observed at the output and to use it for other purposes, if desired.
The performance of the deflection system may be expressed in terms of band-
width (min. 1000 MHz for 3 dB down with respect to D.C.) or in terms of rise
time of the display of a step-function signal (max. 0.35 nanoseconds for 10% to
90% of the final value).

Great care has been taken in the design to avoid phase distortion which would
introduce overshoot in the display of such a signal. The extent to which a con-
stant input impedance has been realized is indicated by the voltage standing-
wave ratio (maximum 1.25 up to 1000 MHz). In order to be able to shift thedis-
play in vertical direction the deflection system shield is not directly connected
but capacitively coupled to the outer connector of the coaxial plugs.

A D.C. shift voltage can be applied to the shield.

The useful vertical scan has been limited to 2 cm in order to obtain the highest
possible sensitivity. This is importantas in most cases the signal to be observed
will be applied directly to the deflection system without any amplification.

The horizontal deflection plates giving 6 cm useful scan, are of conventional de-
sign and, of course, also brought out through the neck.

2 ’ ‘ OBSOLESCENT TYPE January 1968



D13-24..

The typical acceleration voltage is 3 KV. Deviations from this value will cause
deterioration of band-width and rise time, since the electron velocity will then
not be equal to the velocity of signal propagationof the vertical deflection system.
However this adjustment is not very critical. The electron gun features apart
from astigmatism and geometry control electrodes auxiliary electrodes such as
deflection blanking electrodes and a beam centring electrode. The latter can be
used to center the beam with respect to the x plates.

Post deflection acceleration is achieved by a helical resistive coating in the
innerside of the envelope which allows a P.D.A. toacceleration electrode voltage
ratio of 10. The maximum P.D.A. voltage is 24 kV. This high voltage, the metal-
backed screen and the small linewidth (0.12 mm) assure a high writingspeed.

In order to make use of the full capabilities of this tube some precautions have
to be taken in the way the signal is applied to the tube. First, a good termi-
nation at the output of the deflection system is essential when pulse signals are
to be observed, otherwise reflections from a mismatch at the output may distort
the displayed wave-form.

A coaxial resistor is the most suitable termination.

For signal delays in oscilloscopes a high-quality delay-line should be used in
order to avoid deterioration of performance due to band-width limitations of the
delay-line.

HEATING
Indirect by A.C. or D.C.; parallel supply

Heater voltage Vi 6.3 V

Heater current If 300 mA
CAPACITANCES
x] to all other elements except X2 Cxl(xz) 3.0 pF
xp to all other elements except x| CXZ(Xl) 3.0 pF
X] to X9 CXle 2.7 pPF
Control grid to all other elements Cgl 5.0 pF
Cathode to all other elements Ckx 3.5 pF
Deflection blanking electrode to all other elements Cg3 9.0 pF
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D13-24..
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D13-24..

MECHANICAL DATA

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base 14 pin all glass

Dimensions and connections

Overall length (mu-metal shield included) 642 mm
Face diameter max. 134.5 mm
Net weight approx. g
Accessories
Socket supplied with tube
Final accelerator contact connector type 55563
Side contact connector supplied with tube
Mu-metal shield supplied with tube
FOCUSING electrostatic
DEFLECTION
Horizontal electrostatic symmetrical
Vertical delay-line system, asymmetrical
Characteristic impedance of delay-line system 100 @
VSWR max. 1.25up to 1000 MHz 1)
Bandwidth 1000 MHz 2)
Rise time 0.35 nsec 3)
Angle between x and y traces 90 + 2°

1)2);1nc1 3) see page 8
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D13-24.

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vgg(f) 24000 V
Astigmatism control electrode voltage Vg5 3000 V )
First accelerator voltage ng 3000 V
Beam current 1(0) 0.5 pA
Line width 1.w. 0.12 mm
HELIX

Post deflection accelerator helix resistance min. 300 M

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg9(g) 24000 V
Geometry control electrode voltage Vg8 3000 + 200 V
Vertical deflection system shield voltage Vg7 3000 V4
Beam centring electrode voltage Vgé 3000 + 40 V 9
Astigmatism control electrode voltage VgS 3000 + 200 V 6’)
Focusing electrode voltage Vg4 400 to 900 V
Deflection blanking electrode voltage Vg3 3000 VvV
Deflection blanking control voltage AVg3 110 Vv 7)
First accelerator voltage Vg2 3000 VvV 8)
Control grid voltage for visual extinction
of focused spot -Vgl 60 to 250 V
Deflection factor, horizontal My max. 32 V/cm
vertical My max. 8 V/cm
Useful scan, horizontal min. 60 mm
vertical min. 20 mm

4)5)6')7) and 8) see page 8
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D13-24..

LIMITING VALUES

Final accelerator voltage Vgg(ﬁ) Zi): igggg X
Geometry control electrode voltage Vg8 max. 4400 V
Vertical deflection system shield voltage Vg7 max. 4400 V
Beam centring electrode voltage '\/g6 max. 4400 V
Astigmatism control electrode voltage VgS rmni)f éégg z
Focusing electrode voltage Vg4 max. 1500 Vv
Deflection blanking electrode voltage max. 4400 V
First accelerator voltage ng max. 4400 V
Control grid voltage,

negative =Vg 1 max. 350 V

positive Vgl max. 0

positive peak Vglp max. 2 V¥
Cathode to heater voltage

cathode positive Vik/f- max. 200 V

cathode negative V_k/f+ max. 125V
Cathode current average Iketr max. 300 mA
Screen dissipation Wy max. 3 mW/em?2
Ratio Vgg(ﬁ)/\/g5 Vgg(ﬂ)/vgs max. 10
Ratio VgZ/VgS ng/'\/'g5 max. 1

WARNING

This tube, when in operation, produces X-rays which may constitute a health
hazard unless the tube is adequately shielded.
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D13-24..

NOTES

1.

Measured with coaxial 50 to 100 2 quarter wavelength transformers with a
50 € coaxial precision resistance from Rohde and Schwarz, type RMD
33526/ 50 as reference standard.

. The bandwidth is defined as the frequency at which the vertical sensitivity is

3 dB down with respect to that at D.C.

. The risetime is defined to be the time interval between 10% and 909 of the

final value of deflection, when a stepfunction signal is applied to the vertical
deflection system.

The signal source will be built-in step function generator of a Tektronix type
519 oscilloscope with the built-in delay-line included in the signal path and
an abrupt 125 to 100 2 transition between the output of the delay-line and the
input of the oscilloscope tube. The output connector of the tube will be ter-
minated with a 100 2 coaxial resistor type BB 1241. In order to avoid errors
due to the angle of traces, two measurements are taken using a positive going
and a negative going step function of equal amplitude and the risetime will be
taken to be the arithmetic mean of the two values.

. If the external conductors of the coaxial input and output connectors are not

directly connected but capacitively coupled to this electrode, a vertical shift
of the display can be obtained by varying the potential of this electrode.

. The beam centring electrode voltage should be adjusted for equal deflection

defocusing and deflection linearity in the x-direction with respect to the elec-
trical centre of the tube.

. The astigmatism electrode voltage should be corrected for optimum spot

shape.

. For visual extinction of a beam current of 10 pA its potential will not exceed

110 V with respect to ng.

. The delay-line deflection system has beendesigned for anaccelerator voltage

of about 3000 V. Deviation from this value will cause deterioration of band-
width and risetime. The potential of g2 should not vary within the duration of
the brightness of the display may occur.
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D13-26..

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with flat face, side connections to the deflector plates. The
high sensitivities of this mesh tube render it suitable for transistorized equip-
ment. The phosphor screen is metal backed.

QUICK REFERENCE DATA
Final accelerator voltage | Vg9(ﬂ) 15 kv
Display area 6x10 cm
Deflection factor, horizontal Mx max. 11.5 V/cm
vertical My, = 2.9 V/cm
SCREEN
Colour Persistence
D13-26GH green medium short
D13-26GP bluish green medium short
Useful screen diameter min., 114 mm

Useful scan at Vgg(Q)/ngl =

horizontal min. 100 mm
vertical min., 60 mm
HEATING

Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi = 6.3 V

1]

Heater current If 300 mA
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D13-26..

—» MECHANICAL DATA Dimensions in mm
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Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base 14 pin all-glass

Dimensions and connections

Overall length max. 460 mm

Face diameter max. 134.5 mm
Net weight approx. 925 g
Accessories

Socket type 55566

Final accelerator contact connector type 55563

Side contact connector type 55561

Mu-metal shield type 555551)

1y See page 6.

2 ‘ l l [ January 1968



D13-26..

CAPACITANCES

X] to all other elements except X9

Xg to all other elements except x|

y1 to all other elements except y9

yo to all other elements except y;

X to xp

vy toyy

Control grid to all other elements

Cathode to all other elements

FOCUSING

DEFLECTION
x plates

y plates

electrostatic

double electrostatic

symmetrical

symmetrical

Cxl(xz)
CXZ(XL)
Cy 1y
Cyaly1)
X1X2
Cy1vy

Q
1

N LW W ke H>
(o] .\l [ <] t w

ul
w

pF
pF
pF
pF
pF
pF
pF
pF

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces

LINE WIDTH

909 See "Correction coils"

Measured with the shrinking raster method in the centre of the screen

Final accelerator voltage Vgg(f Yy B 15000 15000 V
Astigmatism control electrode voltage Vg4 = 2400 1500 v%)
First accelerator voltage ng = 2400 1500 V
Beam current I(0) = 10 10 uwA
Line width l.w. = 0.3 0.4 mm
4) See page 6
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D13-26..

TYPICAL OPERATING CONDITIONS
Final accelerator voltage
Post deflection shield voltage

(with respect to Vg7)
Geometry control electrode voltage
Interplate shield voltage
Deflection plate shield voltage
Astigmatism control electrode voltage
Focusing electrode voltage

First accelerator voltage

Control grid voltage for visual extinction
of focused spot

Deflection factor
horizontal
vertical
Deviation of linearity of deflection
Geometry distortion
Useful scan
horizontal

vertical

CIRCUIT DESIGN VALUES
Focusing voltage Vg3

Control grid voltage for visual
extinction of focused spot —Vgl

Deflection factor at Vgg(!z )Vg4 =10

horizontal M
vertical My
Control grid circuit resistance Rgl
Deflection plate circuit resistance RX,Ry
Focusing electrode current at a
beam current of max. 25 uA Ig3

2)3)4)5)6)7) See page 6.

1

I

Veolt) =

v

g3

Vg7

Ves

Ves -

Ve, -
g3

Veo -

1]

_Vgl

My

My

"

250 to 417

30 £6.56.-7

6.3to 8.4
1.53 0 2.33
max. 1

max. 50

=25 to +25

15000 V
-12to -18 V
1500 +70 V 2

1500 V

1500 vV 3y
1500  +70 V 4)
375to 625 V

1500 V

40to 90 V

9.4to12.5 V/cm
2.3to 3.5 V/cm
max. 2 % 5)
See note 6
min. 100 mm
min. 60 mm

V per kV of Vg4

V per kV of Vg2

V/cm per kV of Vg4
V/cm per kV of Vg4
MQ

kQ

puA 7y
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D13-26..

LIMITING VALUES (Absolute max. rating system)

Final lerat It v = max. 16500 V
inal accelerator voltage go( L) = min. 9000 V
= max. 2500 V
i i 7
Post deflection shield voltage V g3 = min. 1350 V
= max. 2500 V
Geometry control electrode voltage Vg7 = min. 1350 V
. = max. 2500 V
Interplate shield voltage Vg6 = min. 1350 V
. . " = max. 2500 V
Deflection plate shield voltage V gs = min. 1350 V
= max. 2500 V
i 1 7
Astigmatism control electrode voltage \g4 = min. 1350 V
Focusing electrode voltage Vg3 = max. 2500 V
. = max. 2500 V
First accelerator voltage ng = min. 1350 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vg1 = max. 0 Vv
Voltage between astigmatism electrode V, /y = max. 500 V
and any deflection plate Vg4/y = max. 500 V
Cathode to heater voltage
cathode positive Vik/f- = max. 200 V
cathode negative V_k/t+ = max. 125 V
Screen dissipation We = max. 3 mW/cm2
Ratio Vgg(ﬁ )/Vg4 Vgg(ﬂ )/Vg4 =  max. 10
Cathode current, average Ik = max. 300 upA
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D13-26..

l) To avoid damaging the side contacts the narrower end of the mu-metal shield
should have an internal diameter of not less than 70 mm.

2) This tube is designed for optimum performance when operating at the ratio
Vgg(ﬁ)/vg4 = 10. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

3) This voltage should be equal to the mean x- and y plates potential.

4) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

5) The sensitivity at a deflection of less than 75% of the useful scan will not dif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than
the indicated value.

6) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and
98 mm x58.2mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-
tials applied.

7y Values to be taken into account for the calculation of the focus potentiometer .
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D13-26..

CORRECTION COILS

The D13-26.. is provided with a coil unit consisting of a pair of coils for:

a. Correction of the orthogonality of the x and y traces (which means that at
the centre of the screen the angle between the x and y traces can be made
exactly 90°).

. Vertical shift of the scanned area.

DETAIL DRAWING OF COIL UNIT

Dimensions in mm

- max 1142 nc. 1 4 nc.
|
1 1
y l,
\\ I:;:] !
= ~R =708
E \\ E:] //
\ II
| 8 (\\ HI[H}H]" /
7207108 eo e
nc. 2 3 nc.
1-2 coil no.1
¢
max62¢ 3-4 coil no.2

The currents required under typical operating conditions, the tube being
screened by a mu-metal shield closely surrounding the coils (e.g. 55555), are
max. 7 mA per degree of angle correction and max. 4 mA per mm of shift.
If no such shield is used these values have to be multiplied by a factor k

(1 <k < 2), the value of which depends on the diameter of the shield and ap-
proaches 2 for the case no shield is present.

The D.C. resistance is approx. 180 @ per coil.

When designing the supply circuit for these coils it should be considered that
the maximum current required in either coil can be 34 mA.
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D13-26..

Circuit diagrams
A suitable circuit permitting independent controls of orthogonality correction
and vertical shift is given in fig.1.

24V
max150mA
7207378
Py, P4 : Potentiometers 220 €2, 3 Watt, ganged
Py, P3 : Potentiometers 150 2, 2 Watt, ganged
Rj, Rg, R3, Rq : Resistors 33, 0,5 Watt

Fig. 1
The dissipation in the potentiometers can be reduced considerably if the re-
quirement of independent controls is dropped (see fig.2).

6V ° P “,—fﬁchz'c\-? P
max 180mA o ! 4
S e J

7207376

P1, Py : Potentiometers, 220 2, 1 Watt, ganged
P3, P4 : Potentiometers, 220 2, 1 Watt, ganged

Fig.2
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D13-26..

A further reduction of the dissipation can be obtained by inserting a commu-
tator for each coil (see fig.3).

The procedure of adjustment will then become more complicated, but it should
be kept in mind that a readjustment is necessary only when the tube has to be

replaced.
6V e} S1 P1 S2 P2
I L.
max 120mA .

7207377
Py, Py : Potentiometers, 500 €2, 0,5 Watt
S1, S2 : Commutators

Fig.3

For the adjustment of the currents the following procedure is recommended:

a. With the tube fully scanned in the vertical direction the scanned area must
be shifted so that the useful vertical scan on either side of the geometric
centre of the screen meets the published value of 30 mm min.

With the circuit according to fig.1 this is done by means of the ganged po-
tentiometers Py and Pyg.

b. Adjustment of orthogonality by means of the ganged potentiometers P9 and
Pg in fig.l. A slight readjustment of P} and P4 may be necessary after-
wards.

With a circuit according to fig.2 or 3 these corrections have to be performed
by means of successive adjustments of the currents in the coils.

The most convenient deflection signal isa square waveform permitting an easy
and fairly accurate check of orthogonality.
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D13-26../01

INSTRUMENT CATHODE-RAY TUBE

The D13-26../01 is equivalent to the D13-26.. but features an internal grati-
cule. This graticule can be illuminated.

MECHANICAL DATA Dimensions in mm
$133 15 =
$132 +15 e
- £
cemented o
lel=]
+1 N
s r===============1
-
10 x 10 =100

TN

sub-division 2mm

60

6 x10

72071001

line width 0.2 mm

Maximum angle between x-trace and
x-axis of the graticule +59°

1) Clear area for light conductor.

-
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D13-26../01

ALIGNMENT

In order to align the x-trace and the x-axis of the graticule an image rotating
coil may be used. This coil should be positioned at one third of the cone length,
seen from the face end, and can be attached to the inner surface of the mu-
metal shield.

Under typical operating conditions maximum 90 ampere-turns are required for
alignment.

ILLUMINATION

To illuminate the internal graticule the use of a light conductor (e.g. of Per-
spex) is obligatory. The following design considerations should be observed:

In order to achieve the most efficient light conductance the holes for the light
bulb as well as the contact area with the front plate should be polished. The
contact with the edges of the front plate should be as close as possible and the
edges of the front plate and the corresponding hole in the light conductor should
be parallel to achieve light beams perpendicular to the edges. It is advised to
apply reflective material to the outer circumference of the conductor and if
possible also to both planes (see drawing).

4) light conductor frontplate of tube

!
-

N 4) 2) 2)3)

7207099

1) Reflective material.
2y Polished.

3) Close and constant distance to front plate of tube.
It is essential that the light conductor and the front plate of the tube are in
plane.

4) If possible reflective material.
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D13-27..

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat faced short oscilloscope tube (max. 35 cm) with post-de-
flection acceleration by means of a helical electrode. The tube is provided with
deflection blanking.

QUICK REFERENCE DATA
Final accelerator voltage VgS(f) = 3000 V
Display area 8 cm x full scan
Deflection factor, horizontal My = 24 V/cm
vertical My = 11.5 V/cm
SCREEN
Colour Persistence
D13-27GH green medium short
Useful screen diameter min. 114 mm

Useful scan at VgB(JZ)/VgS =2
horizontal full scan
vertical min. 80 mm

The useful scan may be shifted vertically to a max. of 4 mm with respect to the
geometric centre of the faceplate.

HEATING

Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi~ = 6.3 "V
Heater current I—fm—

January 1968 1




D13-27..

— MECHANICAL DATA Dimensions in mm
max135¢
S AN W
Q% = I
_§ [Te} [ =
EY g8(l)
N "
x-trace o2}
98
~
+]
Xq X2 A g
97 = _:(
h—d 1
G—==] % 519415
G—==] % -
9 el 92
P X
7203095.1 o s
PUr GLE 3
—
72073741

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base 14 pin all glass

Dimensions and connections

Overall length (also with socket type 55566)  max. 350 mm

Face diameter max. 135 mm
Net weight approx. 680 g
Accessories

Socket (supplied with tube) type 55566

Final accelerator contact connector type 55563

Mu metal shield type 55557
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D13-27..

CAPACITANCES
x] to all other elements except Xy CXI(XZ) = 4.5 pF
X, to all other elements except x; CXZ(XI) = 4.5 pF
y] to all other elements except 1P Cyl(yz) = 5 pF
yg to all other elements except y; CYZ(Yl) = 5.5 pF
X] to X9 CXlxz # 2,9 pF
yptoys CYIYZ = 1,2 pF
Grid No.1 to all other elements Cgl = 5.8 pF
Cathode to all other elements Cx = S5 pF
Grid No.3 to all other elements Cg3 = 10 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces 900 + 19

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vgg(f) = 3000 V
Astigmatism control electrode voltage VgS = 1500 V3)
First accelerator voltage ng = 1500 V
Beam current Igg(g) = 10 upA
Line width lL.w. = 0:25 mm
HELIX

Post deflection accelerator helix resistance min. 50 MQ

The helix is connected between gg(¢) and g

3) See page 5
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D13-27..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgg(ﬁ) = 3000 V
Geometry control electrode voltage Vg7 = 1500+ 75 vl
Deflection plate shield voltage Vg() = 1500 V 2)
Astigmatism control electrode voltage Vgs = 1500+ 75V 3)
Focusing electrode voltage Vg4 = 300to 550 V
Deflection blanking electrode voltage Vg3 = 1500 V
Deflection blanking control voltage AVgs = max. -60 V9
First accelerator voltage ng = 1500 V
Control grid voltage for visual

extinction of focused spot Vgl = -38to -135 V

Deflection factor

horizontal My = 2lto 27 V/cm

vertical My = 9.8to 12.2 V/cm
Deviation of linearity of deflection = max. 2 % 5)
Geometry distortion See note 6

Useful scan
horizontal full scan

vertical = min. 80 mm

CIRCUIT DESIGN VALUES
Focusing voltage Vg4 = 200 to 370 V per kV of VgS

Control grid voltage for visual
extinction of focused spot _Vgl = 25 to 90 V per kV of ng

Deflection factor at
VgS(Q )/V 5 =2
horizontal

My
vertical My

n

14 to 18 V/cm per kV of VgS

6.5to 8.2 V/cm per kV of Vg5

Control grid circuit resistance R = max. 1.5 MQ

Deflection plate circuit

resistance R.: R, = max. S50 k2

-15to+10 upA7)

ot
1

Focusing electrode current

Notes see page 5
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D13-27..

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vgg(ﬁ) ; 2?; ?:88 X
Geometry control electrode voltage Vg7 = max. 1700 V
Deflection plate shield voltage Vgé = max. 1700 V
Astigmatism control electrode voltage VgS : E‘?: 388 :/I
Focusing electrode voltage Vg4 = max. 1200 V
Deflection blanking electrode voltage Vg3 = max. 1700 V
First accelerator voltage ng = max. 1700 V
Control grid voltage

negative —Vgl = max. 200 V

positive _Vgl = min. 0V
Voltage between astigmatism control

electrode and any deflection plate Vg5 /x = max. 500 V

VgS /y = max. 500 V

Screen dissipation Wy = max. 3 mW/em?
Ratio VgS(!Z )/VgS Vgg(g)/vgs = max. 2
Cathode current, average I = max. 300 uA

1y This tube is designed for optimum performance when operating at the ratio
Vgg(ﬁ )/Vgs = 2. Operation at other ratio may result in changes in deflection
uniformity and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) This voltage should be equal to the mean x- and y plates potential.

3) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

4) For beam blanking of a beam current of 10 4A.

5) The sensitivity at a deflection of less than 75% of the usefull scanwill notdif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than
the indicated value.

6) A graticule, consisting of concentric rectangles of 100 mm x 60 mm and
97 mm x 58 mm is aligned with the electrical x axis of the tube. The edges of
a raster will fall between these rectangles with optimum correction poten-
tials applied.

7) Values to be taken into account for the calculation of the focus potentiometer.
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D13-480..

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat faced monoaccelerator oscilloscope tube primarily intended for
use in inexpensive oscilloscopes and read-out devices.

QUICK REFERENCE DATA

Accelerator voltage Vg2,g4,g5(ﬁ) 2000 V

Display area 100 x 80 mm?2

Deflection factor, horizontal My 31 V/cm

vertical My 15 V/cm
SCREEN
colour persistence
D13-480GH green medium short

Useful screen diameter min. 114 mm

Useful scan
horizontal min. 100 mm
vertical min. 80 mm

The useful scan may be shifted vertically to a max. of 6 mm with respect to the
geometric centre of the faceplate.

HEATING: Indirect by A.C. or D.C.; parallel supply
Heater voltage i 6.3 V

Heater current Ir 300 mA

Data based on pre-production tubes
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D13 -480..

MECHANICAL DATA (Dimensions in mm)

13342
{ X
. o
BRER x~-trace r l ;‘
l
‘ e
} H
! o~
bottom view I [}
[7e)
! +
61# o
oI 8
N _+, ________ _
F—51#+15
+50V ‘
== Y | |e2
== 93 ! $ %
T Hlate &= % et %,
potential I— 7208301 H ——‘ e
—50v k lf ]f 7208291 A

Mounting position: any

The tube should not be supported by the base alone and under no circumstances should
the socket be allowed to support the tube.

Dimensions and connections

See also outline drawing

Overall length max. 310 mm
Face diameter max. 135 mm
Base 14 pin all glass ‘

Net weight approx. 650 g
Accessories

Socket (supplied with tube) type 55566
Mu-metal shield type 55580

2 September 1967



D13-480..

CAPACITANCES
x] to all other elements except X9 Cx1(x2) 4 pF
X9 to all other elements except x Cx2(x1) 4 pF
y] to all other elements except y9 Cyl1(y2) 3.6 pF
y2 to all other elements except y; Cy2(yl) 3.0 'ph
X] to X9 Cx1x2 2.5 pF
y1 toyg Cyly2 1.5 pF
Control grid to all other elements Cg1 6 pF
Cathode to all other elements Ck S . pF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates will
intercept part of the electron beam, hence a low impedance deflection plate drive is
desirable.

Angle between x and y traces 0+1 9
LINE WIDTH 3)

Measured with the shrinking raster method in the centre of the screen under typical
operating conditions, adjusted for optimum spot size at a beam current I = 10 nA. 1)

Line width l.w. 0.30 mm

I)As the construction of this tube does not permit a direct measurement of the
beam current, this current should be determined as follows:
a) under typical operating conditions, apply a small raster display (no overscan),
adjust Vgl for a beam current of approx. 10 uA and adjust Vg3 and Vg2,¢4,g5,4
for optimum spot quality at the centre of the screen.
b) under these conditions, but no raster, the deflection plate voltages should be
changed to
Vyl = Vya = 2000 V; Vx3 = 1300 V; Vxp = 1700 V, thus directing the total beam
current to x2.
Measure the current on x3 and adjust Vg for Ixp =10 pA (being the beam current
Ig)
c) set again for the conditions under a), without touching the Vgl control. Now a
raster display with a true 10 uA screen current is achieved.
d) focus optimally in the centre of the screen (do not adjust the astigmatism con-
trol) and measure the line width.

3) See page 4
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D13-480..

TYPICAL OPERATING CONDITIONS 3)
Accelerator voltage

Astigmatism control voltage

Focusing electrode voltage

Control grid voltage for visual
extinction of focused spot

Deflection factor, horizontal
vertical

Deviation of linearity of
deflection

Useful scan, horizontal

vertical

ngygél’gs”q 2000
Ng2,g4,85,0 A
Vg3 approx. 300
Vgl approx.max. -65
My 31
My 15
max. 2
min. 100
min. 80

LIMITING VALUES (Absolute max. rating system)

Accelerator voltage Vg2,g4,g5,0 —— 5200
185189 min. 500

Focusing electrode voltage Vg3 max. 2200
Control grid voltage, negative -Vg1 2?: 208
Cathode to heater voltage Vst max. 125
=Vkf max. 125

Grid drive, average max. 20
Screen dissipation Wy max. 3

<

1)

V/cm
V/cm

g <4 < g4 «d <«

mW/cm?2

1) The astigmatism control electrode voltage should once be adjusted for optimum
spot shape in the centre of the screen. For any necessary adjustment the control
voltage will be within the stated range, if the mean x and certainly the mean y
plate potentials are equal to Vg2, g4, g5, ¢ with astigmatism adjustment settozero.

2) The sensitivity at a deflection of less than 75 % of the useful scan will not differ
from the sensitivity at a deflection of 25% of the useful scan bymore than the in-

dicated value.

3) The meanx and certainly the mean y plate potentials should be equal to ng ,g4,g5,1

with astigmatism adjustment set to zero.
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D14-120..

INSTRUMENT CATHODE-RAY TUBE

14 cm diagonal, rectangular flat faced oscilloscope tube with mesh and metal backed
screen.

QUICK REFERENCE DATA
Final accelerator voltage Vg7(£) 10 kv
Display area 100 x 80 mm?
Deflection factor, horizontal My 15.5 V/cm
vertical My 4.2 V/cm

SCREEN: Metal backed phosphor

colour persistence
D14-120GH green medium short
Useful screen dimensions min. 100 x 80  mm?

Useful scan at Vg7(ﬁ)/\/g2,g4 = 6.7
horizontal min. 100 mm
vertical min. 80 mm

Spot eccentricity in horizontal and
vertical directions 6 mm

HEATING: Indirect by A.C. or D.C.;parallel supply
Heater voltage Vi 6.3 Vv

Heater current If 300 mA

Data based on pre-production tubes
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D14 -120..

MECHANICAL DATA Dimensions in mm

- B
915225

- -

RRR
B
=
+l
82
H o
IS |
position of ~ ‘
rotating coil ! |

x-trace

+15v

mean
x-plate
potential

y-plate
potential

e Y2 9 720826
bottom view

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Dimensions and connections

See also outline drawing

Overall length (socket included) max. 385 mm
Face dimensions max. 100 x 120 mm?2
Net weight approx. 900 g
Base 14 pin all glass

Accessories

Socket (supplied with tube) type 55566

Final accelerator contact connector type 55563

Mu-metal shield type 55581

2 January 1968



D14 -120..

CAPACITANCES
x] to all other elements except x2 Cxl(XZ) 7 pE
X9 to all other elements except x] CXZ(xl) 7 pF
y1 to all other elements except y2 Cyl(y2) SiipE
y9 to all other elements except y] Cy2(yl) S5=.pE
X] to X9 CXIXZ 2.5 pE
yptoyz Cy1vy 1.5 pF
Control grid to all other elements Cgl 6 pF
Cathode to all other elements Ck SRR 1T
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates will
intercept part of the electron beam;hence a low impedance deflection plate drive is
desirable.

Angle between x and y traces 90! = 10
Angle between x trace and the horizontal axis of the face max. 5° 1)
LINE WIDTH

Measured with the shrinking raster method in the centre of the screen under typical
operating conditions, adjusted for optimum spot size ata beam current Ig = 10 nA.

Line width l.w. approx. 0.40 mm

1) See page 5
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D14 -120..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7(8) 10000 V
Interplate shield voltage Vg6 1500 V
Geometric control voltage Vg6 +15 V 2)
Deflection plate shield voltage Vg5 1500 v 3)
Focusing electrode voltage Vg3 approx. 310 v
First accelerator voltage Vg2,g4 1500V
Astigmatism control voltage Vg2, g4 +50 V 4)
Control grid voltage for visual
extinction of focused spot Vgl approx. - 60 v
Deflection factor, horizontal My approx. 15.5 V/cm
vertical My approx. 4.2 V/cm
Useful scan, horizontal min. 100 mm
vertical min. 80 mm
LIMITING VALUES (Absolute max. rating system)
Final accelerator voltage Vg7(ﬂ) 2?:: 1;888 X
Interplate shield voltage and
geometry control electrode voltage Vgé max. 2200
Deflection plate shield voltage Vg5 max. 2200 v
Focusing electrode voltage Vg3 max. 2200 A%
i aicios me VR R B
? min. 1350V
Control grid voltage -Vg1 2?;: 208 X
Cathode to heater voltage _sz EZ); i;g x
Voltage between astigmatism control
electrode and any deflection plate  Vgq/x max. 500 VvV
Vea/y max. 500V
Grid drive, average max. 20 v
Screen dissipation Wy max. 3 mW/ cm?
Ratio Vg7(g)/ Vg2, g4 Vg7(0y/ Vg2,g4  max. 6.7

For notes see page 5

4 \
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D14-120..

Notes

1) In order to align the x-trace with the horizontal axis of the screen, the whole pic-
ture can be rotated by means of a rotation coil. This coil will have 50 amp. turns
for the indicated max. rotation of 5° and should be positioned as indicated in the
drawing.

2) This tube is designed for optimum performance when operating ata ratio Vg7/Vg2 ,g4
not higher than 6.7
The geometric electrode voltage should be adjusted within the indicated range
(values with respect to the mean x-plate potential).

A negative control voltage will cause some pincushion distrotion and less back-
ground light, a positive control voltage will give some barrel distortion and a
slight increase of background light.

3) The deflection plate shield voltage should be equal to the mean y-plate potential.
The mean x- and y-plate potentials should be equal for optimum spot quality.

4) The astigmatism control electrode voltage should be adjusted for optimum spot
shape. For any necessary adjustment its potential will be within the stated range.
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D.3-91

INSTRUMENT CATHODE-RAY TUBE

Low accelerator voltage cathode-ray tube for monitoring purpose

QUICK REFERENCE DATA
Accelerator voltage Vg4, gzyyz(IZ) = 500 V
Display area Both directions full scan
Deflection factor, horizontal My = 56.5 V/cm
vertical My = 49 V/cm
SCREEN
Colour Persistence
DH3-91 green medium short
Useful screen diameter min. 28 mm
Useful scan
horizontal full scan
vertical full scan
HEATING:
Indirect by A.C. or D.C.; parallel supply
Heater voltage Vg = 6.3 V
Heater current Ifr = 300 mA
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D.3-91

MECHANICAL DATA Dimensions in mm
max 30

= A A
8
i

S

xR

g3

£

i

LLLLL
U
max 31 |

7202825

7202826,

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube

Base English Loctal 8 pins

Dimensions and connections

See also outline drawing

Overall length max. 105 mm
Face diameter max. 30 mm
Net weight: approx. 39 g
Accessories
Socket type 2422 501 05001
Mu-metal shield type 55525
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D.3-91

CAPACITANCES
X1 to all other elements except x9 Cxl(xz) = 4,5 pF
X9 to all other elements except x| CXZ(Xl) = 4.5 pF
y1 to all other elements except yp Cyl(YZ) = 3.5 PpF
X| to X9 CXlx2 = 1.0 pF
Control grid to all other elements Cgl = 5.6 pF
FOCUSING electrostatic self focusing
DEFLECTION double electrostatic
X plates symmetrical
y plates asymmetrical
LINE WIDTH
Measured on a circle of 25 mm diameter
Accelerator voltage Vg4,g2,y2(g) = 500 V
Beam current I(g) = 0.5 uA
Line width l.w. = 0.6 mm
TYPICAL OPERATING CONDITIONS
Accelerator voltage Vg4,g2,y2(ﬁ) = 500 V
Control grid voltage for visual extinction
of focused spot —Vgl = 8to 27 V

Deflection factor

horizontal My = 41to 72 V/cm

vertical My = 35to 63 V/cm
Useful scan

horizontal full scan

vertical full scan
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D.3-91

LIMITING VALUES (Absolute max. rating system)

= max. 1000 V

Accelerator voltage Vg4,g2'y2(g) = main, 950

Control grid voltage

negative —'V'g1 = max. 200 V
positive Vgl = max. 0V
positive peak Vglp = max. 2
Cathode to heater voltage
cathode positive V+k/f— = max. 200 V
cathode negative V_k/f+ = max. 125 V
Screen dissipation Wy = max. 3 mW/crn2
CIRCUIT DESIGN VALUES
Control grid voltage for
visual extinction of
focused spot —Vgl N 16to 54 V per kV of Vg4, g2,
Deflection factor
horizontal My = 90to 120 V/cm per kV of Vayu, 22,72
vertical My = 38.5t052.5 V/cm per kV of Vg4’ €2, 72
Control grid circuit
resistance Rgl = max. 1 MQ
Deflection plate circuit
resistance Ry, Ry = max. 5 MQ

REMARK

A contrast improving transparent conductive coating connected tothe accelerator
electrode is present between glass and fluorescent layer. This enables the
application of a high potential with respect to earth to the accelerator electrode,
without the risk of picture distortion by touching the face (electrostatic body-
effect).
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D.7-85

INSTRUMENT CATHODE-RAY TUBE

Cathode-ray tube for monitoring purposes.

QUICK REFERENCE DATA

Accelerator voltage Vg3 (g) = 800 V
Display area Both directions full scan
Deflection factor, horizontal My = 62.5 V/cm
vertical My = 40 V/cm
SCREEN
colour persistence
DB7-5 blue medium short
DG7-5 yellowish green medium short
DP7-5 yellowish green long
Useful screen diameter min. 65 mm
Useful scan
horizontal full scan
vertical full scan
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi = 6.3V
Heater current Ig = 300 mA
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MECHANICAL DATA Dimensions in mm
67-71
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Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base English Loctal 9 pins

Dimensions and connections

See also outline drawing

Overall length max. 160 mm

Face diameter max. 71 mm
Net weight: approx. 140 g
Accessories

Socket type 2422 502 04001

Mu-metal shield type 55530
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D.7-5

CAPACITANCES

x] to all other elements except xy
X, to all other elements except x|
yj to all other elements except y,
y9 to all other elements except y;
X1 to X9

¥Ltey2

Control grid to all other elements

Cathode to all other elements

FOCUSING electrostatic

DEFLECTION double electrostatic
x plates symmetrical

y plates symmetrical

Angle between x and y traces 90°+1.5°

LINE WIDTH

Measured on a circle of 50 mm diameter
Accelerator voltage

Beam current

Line width

TYPICAL OPERATING CONDITIONS
Accelerator voltage
Focusing electrode voltage

Control grid voltage for visual
extinction of focused spot

Deflection factor, horizontal
vertical

Geometry distortion

Useful scan, horizontal

vertical

Vg3 (g) =

L(p)

l.w.

Ves(g) ©

CXl (XZ) = 2,
CXZ(XI) = 2.
Cy162) = 3
Cyy (yp) = 3
Cxpxg = O
Cy1ya 0
Cgl = 7
Cy . i

800
= 05
= 0.4

800
= 200 to 300
= max. 50
= 53 to 72
= 33 to 45

pF
pF
pF
pF
pF
pF
pF
pF

MA

mm

v
Vv

A%
V/cm
V/cm

See note 1 page 4

full scan

full scan
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D.7-5

LIMITING VALUES (Absolute max. rating system)

= max. 1000 V
Accelerator voltage Vg3 til = il 800 V
Focusing electrode voltage ng =-max. 400 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vgl = max. (U
positive peak Vglp = max. 2 Vv
Cathode to heater voltage
cathode positive V+k/f- = max. 200 V
cathode negative V-k/f+ = max. 125 V

Voltage between accelerator electrode
and any deflection plate Vg3/x = max. 500 V

max. 500 V

Ves/y
Screen dissipation W, = max. 3 rnW/cm2

CIRCUIT DESIGN VALUES

Focusing voltage

0q<:
I

250 to 375 V per kV of Vgs

2
Control grid voltage for visual
extinction of focused spot —Vgl = 0to 62.5 V per kV of Vg3

Deflection factor

horizontal My = 66to 90 V/cm per kV of Vg3

vertical My = 41to 56 V/cm per kV of Vg3
Control grid circuit resistance Rgl = max. 0.5 MQ
Deflection plate circuit

resistance Ry, Ry = max. 5. MQ

Lya graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-
tials applied.

4 ‘ | II January 1968



D.7-6

INSTRUMENT CATHODE-RAY TUBE

Cathode-ray tube for monitoring purposes.

QUICK REFERENCE DATA

Accelerator voltage

Display area

Vg3 (g) = 800 V
Both directions full scan

Deflection factor, horizontal Mx = 62.5 V/cm
vertical My = 40 V/cm
SCREEN
colour persistence
DB7-6 blue medium short
DG7-6 yellowish green medium short
DP7-6 yellowish green long

Useful screen diameter
Useful scan
horizontal

vertical

HEATING

Indirect by A.C. or D.C.; parallel supply

min. 65 mm

full scan

full scan

Heater voltage Vg = 6.3 V
Heater current Iz, =, 800 mA
January 1968 || ” 1



D.7-6

MECHANICAL DATA

x1 x2
y1 y2
g3
2
g7 ¥
)
Ttk T

Mounting position: any

7202850

Dimensions in mm

67-7

(@]
S
Ul
a
@®
~
s
- O
1 | O
m -
™| X
il o]
£
‘max34
LWTJ;,
'

7202848.

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Base English Loctal 9 pins

Dimensions and connections

See also outline drawing

Overall length

Face diameter

Net weight:

Accessories
Socket

Mu-metal shield

max. 160 mm

max. 71 mm

approx. 140 g

type 2422 502 04001
type 55530

‘ l January 1968



D.7-6

CAPACITANCES
X1 to all other elements except x9 CXI(XZ) = 2.8 pF
X9 to all other elements except x| sz(xl) = 2.8 pE
y1 to all other elements except yo Cyl(y2) = 3601 pE
Vo to all other elements except y CYZ(YI) = 3.3 pF
X] to X9 CXIXZ 0.8 pF
y1toyy Cyly2 0.6 pF
Control grid to all other elements Cgl = ‘7.0 "pF
Cathode to all other elements Ck = 3.2 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates asymmetrical

x; has to be connected to the accelerator electrode.
Earthing of the accelerator electrode is recommended.

y plates symmetrical
Angle between x and y traces 900+1.50
LINE WIDTH
Measured on a circle of 50 mm diameter
Accelerator voltage Vg3(g) 800 V
Beam current I(g) 2 0.5 @A
Line width l.w. = 0.4 mm
TYPICAL OPERATING CONDITIONS
Accelerator voltage Vgs(f) = 800 V
Focusing electrode voltage ng = 200to 300 V
Control grid voltage for visual
extinction of focused spot Vg = max. 50 V
Deflection factor, horizontal Mx = 53to 72 V/cm
vertical My = 33to 45 V/cm
Geometry distortion See note 1 page 4
Useful scan, horizontal full scan
vertical full scan
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D.7-6

LIMITING VALUES (Absolute max. rating system)
= max. 1000 V

Accelerator voltage Vg3 (¢) = min. 800 V
Focusing electrode voltage ng = max. 400 V
Control grid voltage
negative _Vgl = max. 200 V
positive Vgl = max. 0V
positive peak Vglp = max. 2V

Cathode to heater voltage
cathode positive V+k/f-

max. 200 V
max. 125 'V

cathode negative V-k/f+

Voltage between accelerator electrode

and any deflection plate Vgs/x = max. 500 V
Vg3 /y = max. 500 Y
Screen dissipation Wf = max. 3 mW/cm2
CIRCUIT DESIGN VALUES
Focusing voltage ng = 250 to 375 V per kV of Vgs
Control grid voltage for visual
extinction of focused spot _Vgl = 0to 62.5 V per kV of Vg3
Deflection factor
horizontal My = 66to 90 V/cm per kV of Vg3
vertical My = 4lto 56 V/cm per kV of Vg3
Control grid circuit resistance Rgl = max. 0.5 MQ
Deflection plate circuit
resistance Ry, Ry = max. 5 MQ

l) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-
tials applied.
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D.7-11

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with 7 cm diameter flat face plate and post deflection accel-
eration by means of a helical electrode. The low heater consumption together
with the high sensitivity render this tube suitable for transistorized equipment.

QUICK REFERENCE DATA

Final accelerator voltage Vgé(ﬁ) = 1200 V
Display area = 4.5x6 cm
Deflection factor, horizontal M, = 10.7 V/cm
vertical My = 3.65 V/cm
SCREEN
Colour Persistence
DB7-11 blue medium short
DH7-11 green medium short
DN7-11 bluish green medium short
DP7-11 yellowish green long
Useful screen diameter min. 68 mm
Useful scan at Vg()(ﬁ)/ngl =4
horizontal min. 60 mm
vertical min. 45 mm
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Ve = 6.3 V
Heater current Ifr = 9 mA

January 1968 | | | | 1



D.7-11

—» MECHANICAL DATA (Dimensions in mm)

x1— H—x2
11— H—r2
g4—u——
2—=2 %
k —r 2
| | 7207005.1
£F

Mounting position: any

x-trace

76.6%1 | T
(=)
™
]
\
g6
[Ts)
&
s
)
'
&
51£15| 4
23
& E

e

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube

Base 14 pins all glass

Dimensions and connections

Overall length

Face diameter

Net weight
Accessories
Socket (supplied with tube)
Final accelerator contact connector

Mu-metal shield

max. 296 mm

max. 77.8 mm

approx. 370 g

type 40467
type 55563
type 55532
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D.7-11

CAPACITANCES

x; to all other elements except x9
X9 to all other elements except x|
y] to all other elements except y9
y2 to all other elements except y;
X| to X3

yitoyy

Control grid to all other elements

Cathode to all other elements

FOCUSING electrostatic
DEFLECTION double electrostatic
X plates symmetrical
y plates symmetrical

Cxl(xz)

Cxax;)

CY1(Y2)

Cys(yy)

Cx1xg

Cy1vs
g1

4.0 pF
4.0 pF
3.5 pF
3.5 pF
1.9 pE
1.7 pF
= 5.7 pF
=. 3.0 pEB

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence alow impedance deflection plate

drive is desirable.

Angle between x and y traces

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vgé(g) 1200 V
Astigmatism control electrode voltage Vg4 = 300 V2
First accelerator voltage ng = 1200 V
Beam current I(e) = 10 pA
Line width l.w. = 0.65 'mm
HELIX
Post deflection accelerator helix resistance min. 40 MQ
2) See page 6
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D.7-11

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg(,(,e) = 1200 V
Geometry control electrode voltage Vgs = 300 £+ 30 V L
Astigmatism control electrode voltage Vg4 = 300 t 4112 v 2)
Focusing electrode voltage ng = 20 to 150 V
First accelerator voltage ng = 1200 V
Control grid voltage for visual
extinction of focused spot —Vgl = 30to 80 V

Deflection factor

horizontal My = 9.4to 12 V/cm

vertical My = 3.2to 4.1 V/cm
Deviation of linearity of deflection = max. 2 %3)
Geometry distortion See note 4)
Useful scan

horizontal = i, 60 mm

vertical = min. 40 mm

CIRCUIT DESIGN VALUES

Focusing voltage Vg3 = 35to 165 V per kV of Vg4
Control grid voltage for visual
extinction of focused spot —Vgl = 30to 60 VperkV of ng
Deflection factor at
Vee(2Y Vea= 4
horizontal My = 31.3t040.0 V/cm per kV of Vg4
vertical My = 10.7 to 13.7 V/cm per kV of Vg4
Control grid circuitresistance Rgl = max. 1.5 MQ
Deflection plate circuit
resistance Ry, Ry = max. 50 k@
Focusing electrode current IgS = —15to +10 pA 5)

1)2)3y4)5) See page 6

4 ‘ ' | | January 1968



D.7-11

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vg(,(ﬂ)

Geometry control electrode voltage VgS

Astigmatism control electrode

voltage Vg 4
Focusing electrode voltage Vg3
First accelerator voltage ng
Control grid voltage
negative —Vgl
iti vV
positive g1
ositive peak V
p P €1lp
Cathode to heater voltage
cathode positive V+k/f-
cathode negative V-k/f+

Voltage between astigmatism control

electrode and any deflection plate g4/x
Vega/y
Screen dissipation Wy
Ratio Vge(9)/ Vgq Vee(eY Vey =

max.
min.

max.
max.
min.

max.

= max.

max.
max.

max.

max.

max.

max.
max.
max.

max.

5000
1200

2200

2100
300
1000

1600
800

200

100
15

500
500

<<

<

<< < <<

<
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1) This tube is designed for optimum performance when operating at the ratio
Vgé(jz)/Vg = 4, Operation at other ratio may result in changes in deflection uni-
formity and geometry distortion. The geometry control electrode voltage should
be adjusted for optimum performance. For any necessary adjustment its poten-
tial will be within the stated range.

2) The astigmatism control electrode voltage should be adjusted for optimum spot
shape. For any necessaryadjustment its potential will be within the stated range.

3) The sensitivity at a deflection of less than 75% of the useful scan will not differ
from the sensitivity at a deflection of 25% of the useful scan by more than the in-
dicated value.

4) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm and
39.2 mm x 39.2 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction potentials
applied.

5)Values to be taken into account for the calculation of the focus potentiometer.

(o)}
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D.7-31

INSTRUMENT CATHODE-RAY TUBE

Low accelerator voltage cathode-ray tube for monitoring purposes.

QUICK REFERENCE DATA

Final accelerator voltage Vgy,g9(0)= 500V

Display area Both directions full scan

Deflection factor, horizontal I\/IX = 37 V/cm

vertical My = 21 V/cm
SCREEN
Colour Persistence
DG7-31 yellowish green medium

Useful screen diameter min. 65 mm

Useful scan

horizontal full scan
vertical full scan
HEATING

Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi = 6.3 V

Heater current I 300 mA

January 1968 ‘ | H 1



D.7-31

— MECHANICAL DATA

" 7202790
kf f
Mounting position: any

Dimensions in mm

67-71

153—-159
max 172

max 38

s L C)

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Base Duodecal 12 pins

Dimensions and connections

See also outline drawing

Overall length

Face diameter

Net weight:

Accessories
Socket

Mu-metal shield

max. 172 mm

max. 71 mm

approx. 120 g

type 2422 516 00001
type 55530

| i January 1968



D.7-31

CAPACITANCES
x] to all other elements except Xo Cxl(XZ) = 3.7 pF
X9 to all other elements except x| CXZ(XI) = 3.0 pF
y1 to all other elements except yy Cyl(YZ) = 2.5 pF ]
Vo to all other elements except y| CYZ(Yl) = 2.5 pF -g
X] to X9 CXle = 1.7 pF =
yptoy2 Cy1vs 1.0 pF
Control grid to all other elements Cgl = 7.6 pF
Cathode to all other elements Ck = 3.2 pF
FOCUSING electrostatic
DEFLECTION double electrostatic
x plates asymmetrical
y plates symmetrical
Angle between x and y traces 90°+1.5°
LINE WIDTH
Measured on a circle of 50 mm diameter
Accelerator voltage Vg4’ g(0) 500 V
Beam current I(g) = 0.5 uA
Line width l.w. = 0.4 mm
TYPICAL OPERATING CONDITIONS
Accelerator voltage Vg4’ g2(0) 500 V
Focusing electrode voltage Vg3 = Oto 120 V
Control grid voltage for visual
extinction of focused spot —Vg 1 = 50to 100 V
Deflection factor, horizontal My = 33.3to4l.5 V/cm
vertical My - 18.8t023.2 V/cm
Geometry distortion See note 1 page 4
Useful scan, horizontal full scan
vertical full scan
January 1968 II H 3



D.7-31

LIMITING VALUES (Absolute max. rating system)

Accelerator voltage

Focusing electrode voltage

Control grid voltage
negative

positive
positive peak

Cathode to heater voltage
cathode positive

cathode negative

Voltage between accelerator electrode
and any deflection plate

Screen dissipation

CIRCUIT DESIGN VALUES

v = max. 800 V
g4,g2(4) = min. 400 V
VgS = max. 200 V
—Vgl = max. 200 V
Vgl = max. 0V
Vglp = max. 2V
V+k/f- = max. 200 V
V-k/f+ = max. 125 V
Vg4/x = max. 500 V
Vg4/y = max. 500 V
Wy = max. 3 mW/crn2

Focusing voltage Vg3 = 0 to 240 V per kV of Vg
Control grid voltage for visual
extinction of focused spot —Vg1 = 100 to 200 V per kV of ng
Deflection factor at Vg(g)/Vg
horizontal M, = 67 to 83 V/cm per kV of Vg
vertical My = 37.6 to 46.4 V/cm per kV of Vg
Control grid circuit resistance Rg1 = max. 0.5 M@
Deflection plate circuit
resistance Rx, Ry = max. 5 MQ
Focusing electrode current Ig -15 to +10 pA 2)

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-

tials applied.

2) Values to be taken into account for the calculation of the focus potentiometer .

Remark: A contrast improving transparent conductive coating connectedto g4, g9
is present between glass and fluorescent layer. This enables the appli-
cation of a high potential to g4, gy with respect to earth, without the
risk of picture distortionby touchingthe face (electrostatic body -effect)
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D.7-32

INSTRUMENT CATHODE-RAY TUBE

Low accelerator voltage cathode-ray tube for monitoring purposes.

QUICK REFERENCE DATA

Final accelerator voltage Vg4g2(12)= 500 V

Display area Both directions full scan

Deflection factor, horizontal My = 37 V/cm

vertical My = 21 V/em
SCREEN
Colour Persistence
DG7-32 yellowish green medium

Useful screen diameter min. 65 mm

Useful scan

horizontal full scan
vertical full scan
HEATING

Indirect by A.C. or D.C.; parallel supply
6.3 V

Heater voltage \7:

Heater current If = 300 mA
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D.7-32

—» MECHANICAL DATA

Mounting position: any

Dimensions in mm

Rs5 oo 677

2 T‘F‘ ’
8

d \

75° 1

{

8a

18

o %

o O

N E
max 38

lUl{ﬂUJ

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Base Duodecal 12 pins

Dimensions and connections

See also outline drawing

Overall length

Face diameter

Net weight:

Accessories
Socket

Mu-metal shield

max. 172 mm

max. 71 mm

approx. 120 g

type 2422 516 00001
type 55530
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D.7-32

CAPACITANCES
x] to all other elements except X9 Cxl (x9) ~= 3.4 pF
x2 to all other elements except x| Cx2 (x)) = 3.0 pF
y1 to all other elements except yo Cyi(y2) = 2.5 pF
yo to all other elements except y} Cy2 (y1) = 2.5 pF
X] to X3 CxlX2 1.7 pE
y1toys CY1Y2 = 1.0 pF
Control grid to all other elements Cgl = 7.6 pF
Cathode to all other elements Ck = 3.2 pF
FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical
Angle between x and y traces 900+ 1.5°
LINE WIDTH
Measured on a circle of 50 mm diameter
Accelerator voltage Vayu, g9 )~ 500 V
Beam current 1 2) = 0.5 uA
Line width l.w. = 0.4 mm
TYPICAL OPERATING CONDITIONS
Accelerator voltage Vg4,g2(z) = 500 V
Focusing electrode voltage Vg3 = Oto 120 V
Control grid voltage for visual
extinction of focused spot —Vgl = 50 to 100 V
Deflection factor, horizontal My, = 33.3t04l.5 V/cm
vertical My = 18.8t023.2 V/cm
Geometry distortion See note 1 page 4
Useful scan, horizontal full scan
vertical full scan
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D.7-32

LIMITING VALUES (Absolute max. rating system)

Accelerator voltage

Focusing electrode voltage

Control grid voltage
negative

positive
positive peak

Cathode to heater voltage
cathode positive
cathode negative

Voltage between accelerator electrode
and any deflection plate

Screen dissipation

CIRCUIT DESIGN VALUES

Focusing voltage Vg3
Control grid voltage for visual
extinction of focused spot —Vg1

Deflection factor at Vg4g2(12)/Vg

norizontal

vertical My
Control grid circuit resistance Rg1
Deflection plate circuit

resistance Rx,R
Focusing electrode current Ig

= max.
y

v = max. 800 V
g4,g2(8) = min. 400 V

VgS = max. 200 V

—Vgl = max. 200 V

Vgl = max. 0V

Vglp = max. 2 ¥
V+k/f- = max. 200 V
V-k/f+ = max. 125 V
Vg4/x = max. 500 V
Vg4/y = max. 500 V

W = max. 3 mW/c:m2
= 0 to 240 V per kV of Vg

= 100 to 200 YV per kV of ng

= 67 to 83 V/cm per kV of Vg
= 37.6 to 46.4 V/cm per kV of Vg

= max. 0.5 M®Q

5 MQ
= -15to +10 uA 2)

1) A graticule, consisting of concentric rectangles of 43.2 mm x 43.2 mm and
40 mm x 40 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction poten-

tials applied.

2) Values to be taken into account for the calculation of the focus potentiometer.

Remark: A contrast improving transparent conductive coating connectedto g4, g9
is present between glass and fluorescent layer. This enables the appli-
cation of a high potential to g4,gy with respect to earth, without the
risk of picture distortionby touchingthe face (electrostatic body -effect)

| | January 1968



MAINTENANCE TYPE D.7-36

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with 7 cm diameter flat face-plate. The tube is intended for
small service oscilloscopes.

QUICK REFERENCE DATA
Final accelerator voltage Vg4g2(£): 1500 V
Display area = 947 x 6:8 c©m
Deflection factor, horizontal Mx = 27.3 V/cm
vertical My = 18.8 V/cm
SCREEN
Colour Persistence
DB7-36 blue medium short
DG7-36 yellowish green medium
DN7-36 bluish green medium short
Useful scan
horizontal min. 68 mm
vertical min. 57 mm
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage V¢ = 6.3V
Heater current I = 300 mA

=
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D.7-36

— MECHANICAL DATA Dimensions in mm
75.8—-778 R=15

v

max19

153

— x2

277-283
max 296

imax3g|

9’8 4
72070033 f £ e
ff .
]

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base Duodecal 12 pins

Dimensions and connections

See also outline drawing

Overall length max. 296 mm

Face diameter max. 77.8 mm
Net weight: approx. 370 g
Accessories

Socket type 2422 516 00001

Mu-metal shield type 55531
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D.7-36

CAPACITANCES
x] to all other elements except X9 Cxl(XZ) = 6.0 pF
x2 to all other elements except x] CXZ(XI) = 6.0 pF
y1 to all other elements except yo Cyl(y2) = 4.7 pF
yo to all other elements except y; Cy2(y1) = 4.7 pF
X] to X9 CxlX2 = 1.9 pF
y1 to y2 Cyly2 = 1.7 pF
Control grid to all other elements Cgl = 9.7 pF
Cathode to all other elements Ck = 3.3 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hencea low impedance deflection plate
drive is desirable.

Angle between x and y traces 90° + 10

LINE WIDTH

Measured on a circle of 50 mm diameter

Final accelerator voltage Vg4, ga(e) ~ 1500 V
Beam current I( 0) = 0.5 pHA
Line width l.w. = 0.4 mm

w
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D.7-36

TYPICAL OPERATING CONDITIONS

Accelerator voltage Vg4,g2(£) = 1500 V
Focusing electrode voltage Vg3 = 247to 397 V
Control grid voltage for visual

extinction of focused spot —Vgl = 40to 80 V

Deflection factor

horizontal My = 24.5t0 30 V/cm

vertical My = 17.0t0 20.5 V/cm
Deviation of linearity of deflection = max. 2 % l)
Geometry distortion See note 2

Useful scan
horizontal = min. 68 mm

vertical = min. 57 mm

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage Vg4, g9(2) i :?: fggg X
Focusing electrode voltage Vg3 = max. 1000 V
Control grid voltage
negative —Vgl = max. 200 V
positive Vgl = max. 0V
positive peak Vglp = max. 2 vV
Cathode to heater voltage
cathode positive Vik/f- = max. 200 V
cathode negative V_x/f+ = max. 125 V

Voltage between final accelerator

and any deflection plate = max. 500 V

Vea g2/p
Vg4,g2/yp = max. 500 V

Screen dissipation Wy = max. 3 rnW/cm2

T)Z) See page 5
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D.7-36

CIRCUIT DESIGN VALUES

Focusing voltage Vg3 = 165to 265 V per kV of Vg4’g2
Control grid voltage for vis-
ual extinction of focused spot —Vgl = 27to 53 V per kV of Vg4:g2
Deflection factor
horizontal M, =16.3t020.0 V/cm per kV of Vg4:g2
ical =11.2 .
vertica My 1 to 13.7 V/cm per kV of Vg4,g2
Control grid circuit
resistance Rgl = max. 1.5 M@
Deflection plate circuit
resistance Ry, Ry = max. 5 MQ
Focusing electrode current Ig3 = ~-15to +10 MA 3)

l)The sensitivity at a deflection of less than 75% of the useful scan will not
differ from the sensitivity at a deflection of 25% of the useful scan by more
than the indicated value.

2) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm and
39.2 mm x 39.2 mm is aligned with the electrical x axis of the tube. The
edges of a raster will fall between these rectangles with optimum correction
potentials applied.

3) Values to be taken'into account for the calculation of the focus potentiometer .

January 1968 ‘ I | ‘ )






D.

7-78

INSTRUMENT CATHODE-RAY TUBE

Oscilloscope tube with 7 cm diameter flat faceplate and post deflection acceler-
ation by means of a helical electrode. The tube is intended for small service

oscilloscopes.
QUICK REFERENCE DATA
Final accelerator voltage Vgé(g) = 1200 V
Display area = 4.5x6 cm
Deflection factor, horizontal My = 10.7 V/cm
vertical My = 3.65 V/cm
SCREEN
Colour Persistence
DB7-78 blue medium short
DH7-78 green medium short
DN7-78 bluish green medium short
DP7-78 yellowish green long
Useful screen diameter min. 68 mm
Useful scan at Vg()(g)/vgz; =4
horizontal min. 60 mm
vertical min. 45 mm
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage V¢ e 6.3 \Y
Heater current I¢ = 300 mA
January 1968 H 1




D.7-78

— MECHANICAL DATA

k l.} _; 72027961

Mounting position: any

Dimensions in mm

76.611, g
| w
g | ||
N 1
+
8l | |
l

51+1.5

8+0.5
max 23

ég .
=

268+5

max296

7200322

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Base

Dimensions and connections

Overall length
Face diameter
Net weight
Accessories
Socket (supplied with the tube)
Final accelerator contact connector

Mu-metal shield

14 pins all glass

max. 296 mm
max. 77.8 mm

approx. 370 g

type 40467
type 55563
type 55532
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D.7-78

CAPACITANCES

x] to all other elements except xy
Xy to all other elements except x|
y| to all other elements except yq
Vg to all other elements except Vi
Xl to X2

yitoys

Control grid to all other elements

Cathode to all other elements

FOCUSING electrostatic
DEFLECTION double electrostatic
X plates symmetrical
y plates symmetrical

Cxy(xp)
CXZ(XI)
Cyitv2)
Cyatyy)
Cx;xy
Cyiya
g1

= 3.5 pF
= g0 pF
= 3.0 pF
= 3.0 pF

1.7 pF

1.6 pF
= 3.5 pF
= 2.6 pF

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate

drive is desirable.

Angle between x and y traces

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage
Astigmatism control electrode voltage
First accelerator voltage

Beam current

Line width

HELIX

Post deflection accelerator helix resistance

2) See page 5

Vee(n)
Vg4
ng
I(p)

l.w.

= 1200 V
= 300 Vv2)
= 1200 V
= 10 uA
= 0.65 mm

min. 40 MR

I
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D.7-78

TYPICAL OPERATING CONDITIONS
Final accelerator voltage Vgé(g) = 1200 4000 V

Geometry control electrode

voltage Vgg =300 & 30 1000+ 100 V )
Astigmatism control
electrode voltage Vg4 = 300 + 40 1000 + 50 V 2)
Focusing electrode voltage Vg3 = 20to 150 35to 165 V
First accelerator voltage ng = 1200 1000 V
Control grid voltage for
visual extinction of
focused spot —Vgl = 36to 72 30to 60 V
Modulation voltage for
I(¢) = 10 uA Vgl = max. 25 max. 25 V
Deflection factor
horizontal My = 9.4 to 12 31.3to40.0 V/cm
vertical My = 3.2to 4.1 10.7to 13.7 V/cm
Deviation of linearity of
deflection = max. 2  max. 2 % 3)
Geometry distortion See note 4
Useful scan
horizontal = min. 60 60 mm
vertical = min. 45 45 mm
CIRCUIT DESIGN VALUES
Focusing voltage Vg = 35to 165 V per kV of Vg4
Control grid voltage for visual
extinction of focused spot —Vgl = 30to 60 V per kV of ng
Deflection factor at Vg6(£)/Vg4 =4
horizontal My = 31.3t040.0 V/cm per kV of Vg4
vertical My = 10.7 to 13.7 V/cm per kV of Vg4
Control grid circuit resistance Rgl = max. 1.5 MR
Deflection plate circuit
resistance Ry Ry = max. 50 k2
Focusing electrode current Ig3 = =15to +10 puA 5)

4 | I ) l January 1968



D.7-78

LIMITING VALUES (Absolute max. rating system)

; = max. 5000 V
Final accelerator voltage Vgé(g) = min. 1200 V
Geometry control electrode voltage VgS = max. 2200 V
Astigmatism control electrode voltage Vg4 z rnr_f: 2;88 z
Focusing electrode voltage Vg3 = max. 1000 V
First accelerator voltage Vey z Ef: lggg X
Control grid voltage

negative —Vgl = max. 200 V

positive Vgl = max. 0 Vv

positive peak Vglp = max. 2 ¥V
Cathode to heater voltage

cathode positive V+k/f— = max. 200 V

cathode negative V—k/f+ = max. 125 V
Voltage between astigmatism control Vg4/x = max. 500 V

electrode and any deflection plate Vg4/y = max. 500 V

Screen dissipation W, = max. 3 mW/cm2
Ratio Vgé( 0 )/Vg4 Vg6(ﬂ )/Vg4 = max. 4

l) This tube is designed for optimum performance when operating at the ratio
gaL )/Vg = 4. Operating at other ratio may result in changes in deflection
um?ormlty and geometry distortion. The geometry control electrode voltage
should be adjusted for optimum performance. For any necessary adjustment
its potential will be within the stated range.

2) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

3) The sensitivity at a deflection of less than 75% of the useful scan will not dif-
fer from the sensitivity at a deflection of 25% of the useful scan by more than
the indicated value.

4) A graticule, consisting of concentric rectangles of 40.8 mm x 40.8 mm and
39.2 mm x 39.2 mm is aligned with the electrical x axis of the tube. The
edges of a raster will fall between these rectangles with optimum correction
potentials applied.

5) Values to be taken into account for the calculation of the focus potentiometer.
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OBSOLESCENT TYPE D.10-6

INSTRUMENT CATHODE-RAY TUBE

SCREEN
colour persistence
DB10-6 blue medium short
DG10-6 yellowish green medium
DP10-6 yellowish green long

HEATING : Indirect by A.C. or D.C.; parallel supply

Heater voltage Vg 6.3 V
Heater current If 300 mA
MECHANICAL DATA Dimensions in mm
Base: Magnal R=10 93;5_—9254
&
™y \ ©L§
I

I
&

160

max451—

{—max14.2
lae 327-341

kf f LU LI

Accessories

Socket type 2422 515 00001

January 1968 ” 1




D.10-6

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical
Angle between x and y traces 90 + 1.5°

TYPICAL OPERATING CONDITIONS

Final accelerator voltage VgS(f)
First accelerator voltage Vg47 g9
Focusing electrode voltage VgS
Control grid voltage for visual
extinction of focused spot —Vg1
Deflection factor, horizontal My
vertical My

LIMITING VALUES

4000 V
2000 V
400 to 720 V

45to 100 V
40 to 52.5 V/cm
32to 40 V/cm

Final accelerator voltage VgS(ﬁ) max. 5000 V
First accelerator voltage Vg4,g2 max. 2500 V
2 H OBSOLESCENT TYPE “ January 1968



OBSOLESCENT TYPE

D.10-74

INSTRUMENT CATHODE-RAY TUBE

SCREEN

colour persistence
DB10-74 blue medium short
DG10-74 yellowish green medium
DP10-74 yellowish green long

HEATING: Indirect by A.C. or D.C.; parallel supply

Heater voltage

Heater current

MECHANICAL DATA
Base: Magnal

g5
x1 x2
yi1 y2
g3
p 92.94
)
kf f
Accessories
Socket

type

7202821

Vi

Ig

6.3 V
300 mA

Dimensions in mm

+
96.5%71

160£5

>

max45t—

320%

max 341

2422 515 00001
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D.10-74

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical
Angle between x and y traces 90 + 1.59

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgs(ll ) 4000 V
First accelerator voltage Vg4,g2 2000 V
Focusing electrode voltage Vg3 400 to 720 V
Control grid voltage for visual
extinction of focused spot —Vgl 45to 100 V
Deflection factor, horizontal My 40 to 52.5 V/cm
vertical My 32to 40 V/cm

LIMITING VALUES
Final accelerator voltage Vg5(f) max. 5000 V

First accelerator voltage ng,g4 max. 2500 V

7 l ‘ OBSOLESCENT TYPE II January 1968



MAINTENANCE TYPE

D.10-78

INSTRUMENT CATHODE-RAY TUBE

General purpose cathode-ray tube with flat face and post deflection acceleration

by means of a helical electrode.

QUICK REFERENCE DATA

Final accelerator voltage Vg () = 4 kV
Display area = 55x75 mm2
Deflection factor, horizontal My = 34 V/cm
vertical My = 11 V/cm
SCREEN
Colour Persistence
DB10-78 blue medium short
DH10-78 green medium short
DN10-78 bluish green medium short
DP10-78 yellowish green long
Useful scan diameter min. 90 mm
Useful scan at Vg()(ﬂ)/vgz;,gz =4
horizontal min. 75 mm
vertical min. 55 mm
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Vf = 6.3V
Heater current I = 300 mA
January 1968 H 1




D.10-78

MECHANICAL DATA Dimensions in mm

2 1002 |
~ ot
&

g6

160%5

96 9615+10°

300%5

511 1.5

| _gmax 19.7

RULIAL

7201612, 7203155

A

7207006.1

ff

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base Diheptal 12 pins

Dimensions and connections

Overall length max. 305 mm
Face diameter max. 102 mm
Net weight approx. 660 g
Accessories
Socket type 2422 517 00001
Final accelerator contact connector type 55560
Mu-metal shield type 55541

2 ' l MAINTENANCE TYPE | | January 1968



D.10-78

CAPACITANCES
X1 to all other elements except x9 CXI(XZ) = 4 pF
X9 to all other elements except x| CXZ(XI) = 4 pF
y1 to all other elements except y9 CYI(Y2) = 3.5 pF
y9 to all other elements except y; CYz(Yl) = 3.5 pF
X] to X9 CxlXZ 2.1 pF
yi toysg CylyZ 1.7 pF
Control grid to all other elements Cgl = 5.0 pF
Cathode to all other elements Ck = 34 PpF
FOCUSING electrostatic
DEFLECTION double electrostatic

x plates symmetrical

y plates symmetrical

Is use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate
drive is desirable.

Angle between x and y traces 90+ 1°

LINE WIDTH

Measured with the shrinking raster method in the centre of the screen.

Final accelerator voltage Vgé(ﬂ) = 4000 V
Astigmatism control electrode voltage Vg4’ g - 1000 V2)
Beam current I(e) = 10 uwA
Line width l.w. = 0.35 mm
HELIX

Post deflection accelerator helix resistance min. 50 MQ

2) See page 5
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D.10-78

TYPICAL OPERATING CONDITIONS
Final accelerator voltage

Geometry control electrode voltage
Astigmatism control electrode voltage
Focusing electrode voltage

Control grid voltage for visual
extinction of focused spot

Deflection factor
horizontal
vertical
Deviation of linearity of deflection
Geometry distortion
Useful scan
horizontal

vertical

Vg(,( 0)
Vi
Ves gy

Ves

_Vgl

MX
My

LIMITING VALUES (Absolute max. rating system)

Final accelerator voltage

Geometry control electrode voltage

Astigmatism control electrode
voltage

Focusing electrode voltage
Control grid voltage,
negative
positive
positive peak
Cathode to heater voltage,
cathode positive
cathode negative

Voltage between astigmatism
control electrode
and any deflection plate

Screen dissipation

Ves(2)

Vgs

Ves. g

Vgs

_Vgl

Vgl

Vik/t-
Vk/f+
Vs go/x

Vea. ga/y
A\

Vos(0)/ Ves. g2

n

1

4000 V
1000 +100 Vv b
1000 +50 V 2
150to 350 V
22.5t037.5 V
29to 39 V/cm
9.4tol12.6 V/cm
max. 2 % 3)
See note 4
min. 75 mm
min. 55 mm
max. 8000 V
min. 1500 V
max. 2200 V
max. 2100 V
min. 1000 V
max. 1500 V
max. 200 V
max. 0 Vv
max. 2V
max. 200 V
max. 125 V
max. 500 V
max. 500 V
max. mW /cm?2
max. 4

MAINTENANCE TYPE
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D.10-78

CIRCUIT DESIGN VALUES

1

Focusing voltage Vg 150 to 350 V per kV of Vg4_ g

2
Control grid voltage for
visual extinction of
focused spot —Vg

n

22.5t037.5 V per kV of Vey. 89

Deflection factor at
Veg(0)/ Ve, g, =4

horizontal Mx = 29to 39 V/cm per kV of Vg4,g2
vertical My = 9.4t012.6 V/cm per kV of Vg4,g2
Control grid circuit
resistance Rgl = max. 1.5 MQ
Deflection plate circuit
resistance Rx,Ry = max. 1 M@
Focusing electrode
current Ig = +15to -30 A 5)

1) This tube is designed for optimum performance when operating at the ratio
Vgﬁ(f)/vg .89 " 4. Operation at other ratio may result in changes in de-
flection uniformity and geometry distortion. The geometry control electrode
voltage should be adjusted for optimum performance. For any necessary ad-
justment its potential will be within the stated range.

2) The astigmatism control electrode voltage should be adjusted for optimum
spot shape. For any necessary adjustment its potential will be within the
stated range.

3) The sensitivity at a deflection of less than 75% of the useful scan will not
differ from the sensitivity at a deflection of 25% of the useful scan by more
than the indicated value.

4) A graticule, consisting of concentric rectangles of 51 mm x 51 mm and
49 mm x 49 mm is aligned with the electrical x axis of the tube. The edges
of a raster will fall between these rectangles with optimum correction po-
tentials applied.-

5) Values to be taken into account for the calculation of the focus potentiometer.
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MAINTENANCE TYPE D.13-2

INSTRUMENT CATHODE-RAY TUBE

The DG13-2 is a 13 cm spherical faced cathode ray tube primarily intended for
inexpensive service oscilloscopes.

QUICK REFERENCE DATA
Final accelerator voltage VgS(Q) 4 kV
Display area Both directions full scan
Deflection factor, horizontal Mx 31 V/cm
vertical My 26.5 V/cm
SCREEN
colour persistence
DB 13-2 blue medium short
DG13-2 yellowish green medium
DP13-2 yellowish green long
Useful screen diameter min. 114 mm
Useful scan, horizontal full scan
vertical full scan
HEATING

Indirect by A.C. or D.C.; parallel supply
Heater voltage Vi 6.3 V

Heater current If 300 mA

January 1968 “ “ F



D.13-2

MECHANICAL DATA Dimensions in mm
R=73\ 131-135
L 1
IS)
3
Il
X
3
P
95 8|y
X7 X2 £ ?
Lo
y1 y2 s

x
3,
~
%maﬂgﬁ
e

Mounting position: any

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base Diheptal

Dimensions and connections

Overall length max. 435 mm

Face diameter max. 135 mm
Accessories

Socket type 2422 517 00001

Final accelerator contact connector type 55560

Mu-metal shield type 55550
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D.13-2

CAPACITANCES
x] to all other elements except X9 CXI(XZ) 5.5 pF
X9 to all other elements except X CXZ(XI) 5.5 pF
y to all other elements except y, cyl(YZ) 4.7 pF ]
y2 to all other elements except y) CYZ(yl) 4.7 pF E
X1 to X9 CXIXZ 2.5 pF —
y1 toyg CylyZ 1.9 pF
Control grid to all other elements Cgl 4.6 pF
Cathode to all other elements Cgk 6.0 pF
FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical
Angle between x and y traces 90 £ 10
LINE WIDTH
Measured on a circle of 50 mm diameter
Final accelerator voltage Vg 5(!2) 4000 V
First accelerator voltage Vg4,g2 2000 V
Beam current 1(0) 0.5 wuA
Line width L.w. 0.3 mm
January 1968 “ || 3



D.13-2

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgs(ﬂ) 4000 V
First accelerator voltage Vg4,g2 2000 VvV
Focusing electrode voltage Vg3 400 to 720 'V
Control grid voltage for visual extinction
of focused spot -Vgl 45t0 100 V
Deflection factor, horizontal My 27to 35 V/cm
vertical My 24 to 29 V/cm
Useful scan, horizontal full scan
vertical full scan

LIMITING VALUES

Final accelerator voltage Vgs(ﬁ) max. 5000 V
Final accelerator voltage Vg4,g2 max. 2500 V
Focusing electrode voltage Vg3 max. 1000 V

Control grid voltage,

negative Vg 1 max. 200 Vv
positive Vgl max. 0V
positive peak Vglp max. 2V
Cathode to heater voltage,
cathode positive Vik/f- max. 200 V
cathode negative V_k/f+ max. 125 Vv
Voltage between accelerator
and any deflection plate Vg 4/ % max. 500 Vv
Vg /Y max. 500 VvV
Screen dissipation Wy max. 3 mW/cm?2
4 H MAINTENANCE TYPE || January 1968



MAINTENANCE TYPE D.13-32

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter oscilloscope tube for inexpensive oscilloscopes.

QUICK REFERENCE DATA
Final accelerator voltage Vg4,g2(12) 2 kV
Display area Both directions full scan
Deflection factor, horizontal Mx 26 V/cm
vertical My 21 V/cm
SCREEN
colour persistence
DG13-32 yellowish green medium
Useful screen diameter min. 114 mm
Useful scan
horizontal full scan
vertical full scan
HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Ve 6.3 V
Heater current If 600 mA
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D.13-32

MECHANICAL DATA

7202809

Mounting position: any

Dimensions in mm

133524
—> R=12.7

R:535

g 41t
| |
|

I
[83

max 238

362%9.5
375%95

413116

7202808

The tube should not be supported by the base alone and under no circumstances

should the socket be allowed to support the tube.

Base

Dimensions and connections

Duodecal 12 p

Overall length max. 384.5 mm

Face diameter max. 135.4 mm
Net weight approx. 790 g
Accessories

Socket type 2422 516 00001

Final accelerator contact connector type 55560

Mu-metal shield type 55550
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D.13-32

CAPACITANCES
xj to all other elements except x) Cxl(XZ) 9.3 pF
X9 to all other elements except x| sz(xl) 5.0 pF
y] to all other elements except y9 CYl(YZ) 4.6 pF
yg to all other elements except y; CYZ(Yl) 4.6 pF
Xy to Xg CXlXZ 2.0 pF
y1 toyy Clez 1.5 pF
Control grid to all other elements Cgl 4.3 pF
Cathode to all other elements Ck 6.5 pF
FOCUSING electrostatic
DEFLECTION double electrostatic

X plates symmetrical

y plates symmetrical

Angle between x and y traces 90 + 1°
LINE WIDTH
Measured on a circle of 50 mm diameter.
Accelerator voltage Vg4,g2(12) 2000 V
Beam current I( 0) 0.5 pA
Line width l.w. 0.4 mm
TYPICAL OPERATING CONDITIONS
Accelerator voltage Vg4,g 2(2) 2000 V

Focusing electrode voltage VgS 340 to 640 V
Control grid voltage for visual extinction
of focused spot —Vgl max. 90 V
Deflection factor, horizontal M, 22to 30 V/cm
vertical My 18.2t0 24.2 V/cm
Useful scan, horizontal full scan
vertical full scan
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//.13—32

LIMITING VALUES
Final accelerator voltage
Focusing electrode voltage
Control grid voltage,
negative
positive
positive peak
Cathode to heater voltage,
cathode positive
cathode negative

Voltage between
and any deflection plate

Screen dissipation

CIRCUIT DESIGN VALUES
Focusing voltage

Control grid voltage for

visual extinction of focused

spot
Deflection factor
horizontal

vertical

-V

Vg3

g1

Mx

My

Control grid circuit resistance Rgl

Deflection plate circuit
resistance

Focusing electrode current

-v

Vg4,g2(!2) max.

2500
1000

200

mW/cm2

V per kV of Vg

V per kV of Vg4,g2

V/cm per kV of Vg4,g2

Vg3 max.
gl max.
Vgl max.
Vglp max.
Vik/f- max.
V—k/f+ max.
Vg4/X max.
Vg4/y max.
Wﬁ max.
170 to 320
max. 45
11 to 15
9.1to12.1

max. 1.5

max. 5

-15 to +15

1) Values to be taken into account for the calculation of

V/cm per kV of Vg4,g2

MQ

MQ
pA b

the focus potentiometer.

4 | |

MAINTENANCE TYPE
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MAINTENANCE TYPE D.13-34

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat faced oscilloscope tube for general purpose oscilloscopes.

QUICK REFERENCE DATA
Final accelerator voltage Vgs(a) 4 kv
Display area 10.2x10.2 cm
Deflection factor, horizontal My 23.7 V/cm
vertical My 17.7 V/cm
SCREEN
colour persistence
DB 13-34 blue medium short
DG13-34 yellowish green medium short
DP 13-34 yellowish green long
Useful screen diameter min. 114 mm

Useful scan at Vg5(2>/vg4,g2 =2
horizontal min. 102 mm

vertical min. 102 mm

HEATING
Indirect by A.C. or D.C.; parallel supply
Heater voltage Ve 6.3 V

Heater current Ir 600 mA
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D.13-34

— MECHANICAL DATA

\ 1
x1
yl
G2.g4—fm =
V7
i
kf f

Mounting position: any

7202807.1

133t15

Dimensions in mm

[EARE
~
!
R=y06 | ©
[Ys)
+i
S
.
5
%)
+l
[T}
N
ANy
y
51%15
T W Y
max58.]

7202806

The tube should not be supported by the base alone and under no circumstances
should the socket be allowed to support the tube.

Base

Dimensions and connections

Overall length

Face diameter

Net weight

Accessories

Socket

Final accelerator contact connector

Mu-metal shield

Diheptal 12 p

max. 430 mm
max. 134.5 mm
approx. 1100 g

type 2422 517 00001
55560
55550

1) Lower side of straight part.

type
type

MAINTENANCE TYPE
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CAUTION HIGH VACUUM TUBE IS DANGE-

ROUS TO HANDLE, REFER SERVICING AND DISPOSAL
TO QUALIFIED PERSONNEL. DISCHARGE EHT COM-
PLETELY BEFORE TOUCHING.

TUBE MAY PRODUCE X-RAYS WHEN OPERATED AT
HIGH ACCELERATING VOLTAGE. SEE DATA SHEET
FOR MAXIMUM RATINGS.

Made In the Netherlands

CRT Heerlen BV.




D.13-34

CAPACITANCES

X to all other eleménts except Xo
Xy to all other elements except X
y1 to all other elements except yy
yg to all other elements except y]
X1 to X9

SRR )

Control grid to all other elements

Cathode to all other elements

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical

Cx;(x)
Cxy(x1)
CY1(Y2)
Cyaly1)
X1X2
y1Y2
81

4 pF
4 pF
4 pF
4 pF
2.5 pF
1.1 pF
5 pFE
4 PpF

If use is made of the full deflection capabilities of the tube the deflection plates
will intercept part of the electron beam; hence a low impedance deflection plate

drive is desirable.

Angel between x and y traces 90 + 10

LINE WIDTH

Measured on a circle of 50 mm diameter.

Final accelerator voltage Vgs(f) 4000 V
First accelerator voltage Vg4’ g2 2000 V
Beam current 1(2) 0.5 MA
Line width lL.w. 0.3 mm
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D.13-34

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vgs(g)
First accelerator voltage Vg4, g9
Focusing electrode voltage Vg3
Control grid voltage for visual extinction
of focused spot —Vgl
Deflection factor, horizontal My
vertical My
Deviation of linearity of deflection max.
Geometry distortion
Useful scan, horizontal min.
vertical min.
LIMITING VALUES
Final accelerator voltage Vgs(ﬂ)
First accelerator voltage Vg4, g9
Focusing electrode voltage Vg3
Control grid voltage,
negative —Vgl
positive Vgl
positive peak Vglp
Cathode to heater voltage,
cathode positive Vik/f-
c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>