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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of four series of handbooks each comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

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

Where ratings or specifications differ from those published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

If you need confirmation that the published data about any of our products are the latest available,
please contact our representative. He is at your service and will be glad to answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whole or in part without the
written consent of the publisher.
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks is comprised of the following parts:

T

T2

T3

ET3

T4

T5

T6

T7

T8

T9

T10

T11

Tubes for r.f. heating

Transmitting tubes for communications

Klystrons, travelling-wave tubes, microwave diodes

Special Quality tubes, miscellaneous devices (will not be reprinted)
Magnetrons

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Muller tubes

Gas-filled tubes
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display

Photo and electron multipliers
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

Camera tubes and accessories, image intensifiers

Microwave components and assemblies
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks is comprised of the following parts:
S$1 Diodes
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes(< 1,5 W),

voltage reference diodes, tuner diodes, rectifier diodes

S2 Power diodes, thyristors, triacs
Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyristors, triacs

S3 Small-signal transistors
S4 Low-frequency power transistors and hybrid IC modules

S5 Field-effect transistors

S6 R.F. power transistors and modules
S7 Microminiature semiconductors for hybrid circuits
S8 Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

S9 Taken into handbook T11 of the blue series

S10 Wideband transistors and wideband hybrid IC modules
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INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks is comprised of the following parts:

IC1

IC2

IC3

IC4

ICh

IC6*

IC7

1C8

1C9

Bipolar ICs for radio and audio equipment
Bipolar ICs for video equipment
ICs for digital systems in radio, audio and video equipment

Digital integrated circuits
LOCMOS HE4000B family

Digital integrated circuits — ECL
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

Professional analogue integrated circuits
Signetics bipolar memories
Signetics analogue circuits

Signetics TTL logic

* This handbook will be available later this year.

January 1983



COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks is comprised of the following parts:

C1

Cc2

Cc3

ca

Cb

C6

c7

c8

Cc9

c10

c1

Cc12

ci13

C14

C15

C16

Assemblies for industrial use

PLC modules, PC20 modules, HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices,
hybrid ICs, peripheral devices

Television tuners, video modulators, surface acoustic wave filters

Loudspeakers

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators

Electric motors and accessories
Permanent magnet synchronous motors, stepping motors, direct current motors

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators,
quartz crystal cuts for temperature measurements

Connectors

Non-linear resistors

Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)
Variable resistors and test switches

Fixed resistors

Electrolytic and solid capacitors

Film capacitors, ceramic capacitors

Piezoelectric ceramics, permanent magnet materials
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GENERAL AND SCREEN TYPES






CRTs

GENERAL
LIST OF SYMBOLS

Symbols denoting electrodes and electrode connections
Heater f
Cathode K
Grid

Grids are distinguished by means of an additional numeral;

the electrode nearest to the cathode having the lowest number g
Deflection plates intended for deflection in horizontal direction X1, X2
Deflection plates intended for deflection in vertical direction

Sectioned deflection plates are indicated by an additional

decimale.g.y1, 1y1, 2andy2, 1v2, 2 Y1, Y2
External conductive coating m
Fluorescent screen Q
Tube pin which must not be connected externally i.c.
Tube pin which may be connected externally n.c.
Symbols denoting voltages
Symbol for voltage, followed by an index denoting the

relevant electrode \
Heater voltage (r.m.s. value) V¢
Peak value of a voltage Vp
Peak-to-peak value of a voltage V(p-p)
Symbols denoting currents
Symbol for current followed by an index denoting the

relevant electrode 1
Heater current (r.m.s. value) If
Symbols denoting powers
Dissipation of the fluorescent screen Wo
Grid dissipation Wg
Symbols denoting capacitances
See IEC 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 R

When R is replaced by Z the ““resistance’’ should read “impedance’’
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CRTs
GENERAL

—» Symbols denoting various quantities
Luminance
Frequency
Magnetic field strength
Deflection coefficient
Scan magnification
Bandwidth
Line width
Eccentricity
Pulse duration
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CRTs
GENERAL

OPERATIONAL RECOMMENDATIONS -~

GENERAL
Unless otherwise stated the published data are typical values.

TYPICAL OPERATION

Under this heading in the data sheets, the conditions are given which result in the specified performance.
This performance represents the best compromise for the intended applications of the tube.

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

Limiting values are in accordance with the applicable rating system as defined by IEC publication 134.
Reference may be made to one of the following 3 rating systems.

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, and should not be exceeded under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental 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 condit-
ions with respect to supply voltage variation, equipment components spread and variation, equipment
control adjustment, load variations, signal variation, environmental conditions, and spread or variations
in characteristics of the device under considerations and of all other electronic devices in the equipment.

Design-maximum rating system. Design-maximum ratings are limiting values of operating and environ-
mental 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 conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics 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 variation,
signal variation and environmental conditions.

* A bogey tube is a tube whose characteristics have the published nominal values for the type. A bogey
tube for any particular application can be obtained by considering only those characteristics which
are directly related to the application.

December 1982
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CRTs
GENERAL

Design-centre rating system. Design-centre 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 average conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device
in average applications, taking responsibility for normal changes in operating conditions due to rated
supply-voltage variation, equipment component spread and variation, equipment control adjustment,
load variation, signal variation, environmental conditions, and variations or spread 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.

If the tube data specify limiting values according to more than one rating system the circuit has to be
designed so that none of these limiting values is exceeded under the relevant conditions.

In addition to the limiting values given in the individual data sheets the directives in the following
paragraphs should be observed.

HEATER SUPPLY

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 none of these deviations exceeds

+ 5%. Should the voltage variation depend on one factor only, the voltage variation must not exceed
+5%.

For maximum cathode life it is recommended that the heater supply be stabilized at the nominal heater
voltage. Any deviation from this heater voltage has a detrimental effect on tube performance and life,
and should therefore be kept to a minimum. Such deviations may be caused by:

@ mains voltage fluctuations;

® spread in the characteristics of components such as transformers, resistors, capacitors, etc.;
® spread in circuit adjustments;

® operational variations.

Cathode-ray tubes with a quick-heating cathode should not be used in series with other tubes.

CATHODE TO HEATER VOLTAGE

The voltage between cathode and heater should be as low as possible and never exceed the limiting
values given in the data sheets of the individual tubes. Operation with the heater positive with respect
to the 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 and never exceed 20 V r.m.s. (mains frequency). A d.c. connection should always be present
between heater and cathode. Unless otherwise specified the maximum resistance should not exceed

1 M&; the maximum impedance at mains frequency should be less than 100 kS2.

INTERMEDIATE ELECTRODES (between cathode and final accelerator)
In no circumstances should the tube be operated without a d.c. connection between each electrode and

the cathode. The total effective impedance between each electrode and the cathode should be as low as
possible and never exceed the published maximum value.

* A bogey tube is a tube whose characteristics have the published nominal values for the type. A bogey
tube for any particular application can be obtained by considering only those characteristics which
are directly related to the application.
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Operational recommendations CRTs

GENERAL

ELECTRODE VOLTAGES

The reference point for electrode voltages is the cathode. For cathode drive service the reference point
is grid 1.

Grid cut-off voltages

Values are given for the limits of grid cut-off voltage at the specified first accelerator 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.

First accelerator voltage

The first accelerator electrode of a so-called unipotential lens provides independent focus and brightness
controls by applying a fixed voltage. Care should be taken not to exceed the maximum and minimum
limits for reasons of reliability and performance.

Focusing voltage

The focusing voltage (Vgg) should be adjusted to optimum spot size; the voltage may depend on the
beam current.

For automatic pre-adjustment (autofocus) of oscilloscope tubes, AVg3 should be derived from the
grid drive.

Astigmatism control 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.

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

Geometry control voltage

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

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 control voltage, if applicable the mean beam centring voltage and the
geometry control 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. (See
also ELECTRODE CURRENTS AND CIRCUIT IMPEDANCES on the next page.)

November 1982
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CRTs

GENERAL

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:

@ Shift the x-trace to the centre of the graticule.

@ Align horizontal centre line of graticule with the centre line of the x-trace.

@ Shift x-trace vertically between upper and lower horizontal lines of graticule; the centre of the
x-trace now will not fall outside the area bounded by the horizontal graticule lines.

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

@ Focus and astigmatism will be adjusted for optimum performance.

@ Pattern geometry correction will be adjusted for optimum performance in the sense of minimizing
simultaneously the deviation of the centre of x and y-trace respectively.

Linearity

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

Post deflection shield voltage

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

Final accelerator voltage

Tubes with PDA are designed for a given final accelerator voltage to first accelerator voltage ratio.
Operation at higher or lower ratios may result in changes in deflection uniformity, pattern distortion
and useful scan.

High tension supply

In order to avoid damage to the screen it is important that a deflection voltage, e.g. the time base
voltage, is applied prior to the high tension.

ELLECTRODE CURRENTS AND CIRCUIT IMPEDANCES

In each electrode currents caused by interception of a part of the electron beam, leakage or secondary
emission, may occur in both directions. For oscilloscope tubes currents up to 10 uA can be expected
in the focusing electrode and the deflection plates. In addition, if use is made of the full deflection
capabilities, each deflection plate may intercept up to 50% of the beam current.

For oscilloscope tubes with beam-limiting apertures, the grid 2 and/or grid 4 circuit impedance should
be less than 10 kQ.

For all tubes the control grid circuit resistance should be less than 1 M.

CAPACITANCES

Unless otherwise stated the values given are nominal values measured at the contacts of a cold tube.
The contacts and measuring leads are screened.
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Operational recommendations CRTs

GENERAL

LINE WIDTH

The line width is measured with the shrinking raster method. Focusing and astigmatism voltages should
be adjusted to minimize the horizontal and vertical trace widths simultaneously at the screen centre.
The raster width should be reduced until the line structure is just discernible. This raster width, divided
by the number of lines in the display, is the measure of the line width,

USEFUL SCREEN AREA

This is the area on the inner side of the faceplate which is provided with phosphor; it may remain
uncovered and thus visible from the outside.

USEFUL SCAN AREA
This is the part of the useful screen area in which the specified performance applies.

LUMINESCENT SCREEN
To prevent permanent screen damage, care should be taken:

— not to operate the tube with a stationary picture at high beam currents for extended periods;
— not to operate the tube with a stationary or slowly moving spot except at extremely low beam
currents.

MOUNTING

Unless otherwise stated the tubes can be mounted in any position. However, a tube should not be
supported by the base alone or near the base region, and under no circumstances should the socket
be allowed to support the tube.

The tube socket should not be rigidly mounted but should have flexible leads and be allowed to move
freely. The socket should not support any circuitry,

Shielding

Oscilloscope tubes need a magnetic shielding for proper operation. Especially for types with an internal
permanent magnetic lens system (IMC), a magnetic induction at the tube neck greater than 0,02 T
(200 gauss), which corresponds to a magnetic field strength of 1,6 x 10* A/m, must be avoided.

HANDLING
Handling (or destroying) tubes should be done by qualified personnel.

The tubes are evacuated, which implies that mechanical damage must be avoided; care should be taken
not to scratch or knock any part of the tube.

Remember when replacing or servicing a tube that a residual electrical charge may be carried by the
final accelerator contact and also the external coating if not earthed. Before removing the tube from
the equipment, earth the external coating and short the final accelerator contact to the coating.

December 1982






CRTs
GENERAL

PHOTOMETRIC UNITS

S.1. photometric units

quantity symbol S.1. unit remarks

luminous intensity | cd (candela)

luminous flux ) Im (lumen)

quantity of light Q Im +s

luminance L cd/m? 1 cd/m?=1 nit

luminous exitance M Im/m? formerly luminous emittance
illuminance E Ix (lux) formerly illumination

Other photometric units; conversion factors

1 stilb =1 cd/em? = 10* cd/m? = 4 7 lumen/cm?

1 lambert = % cd/em? = Jgj cd/m? = 4 lumen/cm?

1 foot lambert = il cd/ft? = 3,426 cd/m?
T

1 foot candle = 10,764 lux

December 1982
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CRTs
GENERAL

TYPE DESIGNATION -—

Pro Electron type designation code

The CRT type number begins with a single letter followed by two sets of digits, and ends with one or
two letters.

The first letter indicates the prime application of the tube:

D : Oscilloscope tube, single trace
E : Oscilloscope tube, multiple trace
F : Radar display tube, direct view E
L : Storage display tube E
M : TV display tube for professional application, direct view -
P : Display tube for professional application, projection
Q : Flying spot scanner tube
The first group of digits indicates the diameter or diagonal of the screen in cm.
The second group of digits is a two or three-figure serial number indicating a particular design or
development,
The final group of letters indicates the properties of the phosphor screen (see section ‘“Screen types’’).
For CRTs with internal graticule a suffix consisting of two or more figures follows the type designation,
separated from it by an oblique stroke.
Example:
D14 — 360 GH/93
T TI=
oscilloscope tube, face diagonal design number screen phosphor internal
single trace graticule
December 1982 1






SCREEN

The phosphor information given in this section is based in general upon the original phosphor registra-

tion (TEPAC and/or PRO ELECTRON) and can be used as a selection guide. Slight differences may
occur between the actual phosphor properties and the registered data.

<

TYPES
SCREEN TYPES
new old fluorescen hosphorescen . equivalent
system system colour ' P c?)!our o persistence de‘:iZEaEtiCon
BA (o purplish-blue - very short -
BE B blue blue medium short P11
BF U purplish-blue - medium short -
GH H green green medium short P31 E
GJ G yellowish-green yellowish-green medium P1 E
GK G yellowish-green yellowish-green medium - -
GM P purplish-blue yellowish-green long P7
GP - bluish-green green medium short P2
GR - green green long P39
GU - white white very short -
GY - green green - P43
KC - yellow-green yellow-green medium short -
LA D orange orange medium -
LB E orange orange long -
LC F orange orange very long -
LD L orange orange very long P33
w W white - - P4
WA - white - -
WE - white white medium short P45
X X tri-colour screen - - -
YA Y yellowish-orange | yellowish-orange medium -

November 1982
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SCREEN
TYPES

1T

—= Survey of applications and persistence cf screens

application phosphor conditions (display: spot) persistence
screen screen pulse |repetition relative level remark
voltage current width | time of luminance
(peak value) 10% 1%
BE 4 kV 20 unA 2ps | 10ms 34 us {220 us
GH 4 kv 20 upA 2us | 10ms 38 us {250 us
oscilloscope GJ 4 kV 2,5 uA spot switched off 24,5 ms
fter 5s
tubes a 4
GM 4 kv 2 uA raster switched off 04s 3s |yellow
after 5s filter
GP 4 kV 2 uA 100 us |single shot | 100 us
GY 4 kV 20 uA 2 us | 10 ms 1,5ms| 3ms
GR
w
monitor .
tubes WA see relevant curves for persistence
WE
KC
projection BF .
tubes YA see relevant curves for persistence
ing- BA
flying-spot see relevant curves for persistence
scanner tubes GU
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SCREEN
TYPES

y Co-ordinate

09 7204502
520 52’5
08 NS0
’ ‘ NN\535
510 \ \540
N
\ NG45
07 \ 550!
505 \ 555
\ 560 greenish yellow
06 | z . 565 (
) N ellowish P
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A K
> \ [ 3 / 575 yellowish orange
05 )\ S A
~o X! 3/ 21 X585
S 590
04 ‘4515. s S )‘_’Lane 595
\_ uish green T~ ﬁﬂngf,ink Teddish 600
| Illuminant 'C" L_0range Ny 67
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03 { pink , 620
490 AN A red 6;((7)0
; A
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of ?
02[~485%¢ N\t 11\ 1
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%80 55 e
01 \ 85 L/
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x Co-ordinate

Kelly Chart
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SCREEN

TYPES
09 [ } 7204503.3
—520
5154 | "gisaa 580
08 N5
S . \%0 YAR 585
07 GR\\XGJ\{issso LAN
505 \ \555 LLzC+59o
O G \ 960 595
§ 06 w 565
£ 570
) \-6L—om]—KEA
S 500 Tow| " x 4
z 0 Ak ﬁ( / > 5755 o
— (G
— ~ ~ GH E\‘ , / Y/YA 565D
= boos ~ninf ARG
_— 04 ir k595
! PN Jou [K‘“"r” €00
Illumipant £ pr— 610
03 D Q?CE,): ‘I = 620
) 640
490 \ — 4 I'w ] A ~~ <R 700
7 ~L
4N T~
02485 //(;(N ) 77J \ & K /4
le}/ B /;/ 1 4 Y = -
BE | /S
' 4758 177 | A
42%0\:2/((/’}
BC
1470
% 07 g4 02 03 04 05 06 07 08

x Co-ordinate

Co-ordinates of individual phosphors
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SCREEN

TYPES
100 v / monitor/television phosphors §
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SCREEN

TYPES
100 Y i oscilloscope phosphors §
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BA
SCREEN
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BA

SCREEN
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BE
SCREEN
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BE

SCREEN
100 7286846
— AN
ES \\
8 N\ Screen voltage 4 kV
] Screen current 20 pA
E Pulse width 2 us
2 \ Repetition time 10 ms
2
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BF
SCREEN
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GH
SCREEN
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SURVEY OF INSTRUMENT TUBES

monoaccelerator
tubes

post-deflection
accelerator tubes

large bandwidth
tubes

direct-view
storage tubes

PREFERRED TYPES: recommended for new design

D7-221GH
D7-222GH
D10-180GY
D10-181GY
D14-360..
D14-360../93

D12—120GH/115
D14—120GH
D14—-121GH
D14—261GH
D14-262GH
D14-292GH
D14-302GH/93
D14-370GH/93*
D14-380GH/93*
E14—100GH

L14—131GH/55
L14—140GH/95
L14—-150GH/95

MAINTENANCE TYPES: no longer recommended for equipment production

D7-190..
D7-191..
D10-160..
D10-161..
D13-480..
D13-481..
D14-251GH
D14—-252GH

D10-170..
D14-162GH/09
D18-120..

D13—500GH/01
D14—240GH/37

L14—111GH/55

OBSOLESCENT TYPES: available unti

DG7-6
DG7-6
DG7-31
DG7-32
DH3-91

D.7-11
D13-27..
E10/12..
E10-130..

| present stocks are exhausted.

* Development types.

November 1982



MAINTENANCE TYPE J! 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 ng ,g4,g5,1 1000 VvV
Display area 60 x 50 mm?2
Deflection coefficient, horizontal My 29  V/cm
vertical My 11.5 V/cm
SCREEN
colour persistence
D7-190GH green medium shoxrt
D7-190GM yellowish green long
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 ta the
geometric centre of the faceplate.
HEATING: Indirect by A.C. or D.C.; parallel supply
Heater voltage Ve 6.3 \

Heater current Ig 300 mA

November 1982



D7-190.. “

.« MECHANICAL DATA (Dimensions in mm)

7522
-
&
~
3
@©!
461
1 _ V.
S
©51115 N
+25V I
EE
q k] (Em
mean x-an : | @
y plate 92 )
potential 7208303 TUW: 0T [ 77087821

i k f f bottom view 7208291

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. 225 mm

Face diameter max. 77 mm

Base 14 pin all glass

Net weight approx. 260 g
Accessories

Socket (supplied with tube) type 55566
Mu-metal shield type 55534

2 February 1970



D7-190..

CAPACITANCES

x] to all other elements except xg Cx1(x2) 4 pF
Xq to all other elements except Xy Cx2(x1) 4 pF
y1 to all other elements except yp Cyl(y2) 3.5 pF
yo to all other elements except y; Cyz(yl) 3 pF
X] to X9 Cx1x2 1.6 pF
y] to y2 Cyly2 1.1 pF
Control grid to all other elements Cgl 5.5 pF
Cathode to all other elements Ck 4.0 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 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 Ig =10 uA.1)

Line width 1.w. 0.28 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 Vgl for a beam current of approx. 10 pA and adjust VgS 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
Vyl =Vyg = 1000 V; V43 = 300 V; Vx2 = 700 V, thus directing the total beam cur-
rent to x2.
Measure the current on x9 and adjust Vgl for Iy9 = 10uA (being the beam current
L)
c) set again for the conditions under a), without touching the V; control. Now a
. . g
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

N

January 1969 3




D7-190..

TYPICAL OPERATING CONDITIONS 3)
Accelerator voltage
Astigmatism control voltage

Focusing electrode voltage

Control grid voltage for visual
extinction of focused spot

Grid drive for 10 uA screen current

Deflection coefficient, horizontal

vertical

Deviation of linearity of deflection
Geometry distortion
Useful scan, horizontal

vertical

LIMITING VALUES (Absolute max. rating system)
Accelerator
Focusing electrode voltage

Control grid voltage, negative

Cathode to heater voltage

Grid drive, average
Screen dissipation
Control grid circuit resistance

Vg2,q4,95,9
AVg2,94,95,0
Vgg

Vg2,g4,gS,SZ
Vgg

‘Vg1
Vit
=Vt
We
Rg1

1000
+25
100 to 180
max. -35
approx. 10
29
max. 31
11,5
max. 12,5
max. 1
see note 4
min. 60
min. 50
max. 2200
min. 900
max. 2200
max. 200
min. 0
max. 125
max. 125
max. 20
max. 3
max. 1

\Y

V1)
\Y

V
\Y,
V/em
V/em

V/em
V/em

% 2)

mm

mm

< <K <K<K K< <<

mW/cm?

1) All that will be necessary when putting the tube into operation is to adjust the astigmatism control
voltage once for optimum spot shape in the screen centre. The control voltage will always be in the
range stated, provided the mean x plate and certainly the mean y plate potential was made equal

to Vg2,94,g5,0 With zero astigmatism correction.

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 indicated value.

3) The mean x and certainly the mean y plate potential should be equal to Vg2,94,g5,¢ With astigmatism

adjustment set to zero.

4) A graticule, consisting of concentric rectangles of 40 mm x 50 mm and 39,2 mm x 49 mm is aligned
with the eléctrical x-axis of the tube. The edges of a raster will fall between these rectangles.

March 1981



MAINTENANCE TYPE J t D7-191.. “«

INSTRUMENT CATHODE-RAY TUBE

7 cm diameter flat-faced monoaccelerator oscilloscope tube with low heater consumption.

QUICK REFERENCE DATA

Accelerator voltage Vg2, 44,05 (7) 1000 V
Display area 60 x 50 mm?
Deflection coefficient
horizontal My 29 V/cm
vertical My 11,56 V/ecm

The D7—191 is equivalent to the type D7—190.. except for the following.

HEATING

Indirect by a.c. or d.c.; parallel supply.

Heater voltage Vs 63 V
Heater current I¢ 95 mA

LIMITING VALUES (Absolute maximuim rating system)
Cathode to heater voltage
positive Vi/f max. 100 Vv
negative —Vi/f  max. 15 V
CAPACITANCES
Cathode to all other elements - Ck 2,3 pF

November 1982
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D7-221GH

INSTRUMENT CATHODE-RAY TUBE

7 cm diagonal, rectangular flat faced mono accelerator oscilloscope tube primarily for use in inexpens-
ive oscilloscopes and monitors. This tube features a low heater power consumption.

QUICK REFERENCE DATA

Accelerator voltage Vg2, g4, g5(2) 1000 V
Display area 60 mm x 36 mm
Deflection coefficient
horizontal My 12,5 V/em
vertical My 20 V/em

The D7—221GH is quivaIent to the type D7—222GH except for the following.

HEATING

Indirect by a.c. ord.c.*

Heater voltage ) Vs 63V
Heater current If 95 mA

LIMITING VALUES (Absolute maximum rating.system)

Cathode to heater voltage
positive Vit max. 100 V
negative —Vki max. 15V

" CAPACITANCES
Cathode to all other elements Ck 3,7 pF

* Not to be connected in series with other tubes.

May 1981






D7-222GH

INSTRUMENT CATHODE-RAY TUBE

7 cm diagonial, rectangular flat faced mono accelerator oscilloscope tube primarily for use in
inexpensive oscilloscopes and monitors. This tube features a 1,5 W cathode with short warm-up time
(quick-heating cathode).

QUICK REFERENCE DATA

Accelerator voltage Vg2, g4, g5(2) 1000 V
Display area 60 mm x 36 mm
Deflection coefficient
horizental My 12,6 V/em
vertical My 20 V/em
OPTICAL DATA
Screen
phosphor type GH, colour green
persistence medium short
Useful screen dimensions = 60mmx 36 mm
Useful scan
horizontal > 60 mm
vertical > 36 mm
Spot eccentricity in horizontal
and vertical directions < 5 mm
HEATING
Indirect by a.c. or d.c. *
Heater voltage Vi 63 V
Heater current lf 240 mA

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.

Net mass approx. 3560 g

Base 12-pin all glass; JEDEC B12—246

~

* Not to be connected in series with other tubes.

May 1981



D7-222GH

Dimensions and connections

See also outline drawing

QOverall length < 225 mm
Faceplate dimensions < 72,56 x 49 mm
Accessories

—=  Socket, supplied with tube type 555689/55694
Mu-metal shield type 55535
FOCUSING electrostatic
DEFLECTION double electrostatic
x-plates symmetrical
y-plates symmetrical
Angle between x and y-traces 90+ 10
Angle between x-trace and horizontal axis of the face <30*

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

CAPACITANCES

x1 to all other elements except x2 Cx1(x2) 4,0 pF
xp to all other elements except X1 Cx2(x1) 4,1 pF
y1 to all other elements except y Cy1(y2) 4,2 pF
y2 to all other elements except y1 Cy2(y1) 5,4 pF
x1 to x9 Cxix2 - 1,6 pF
y1toy? Cy1y2 1.8 pF
Control grid to all other elements Cg1 7,0 pF
Cathode to all other elements Ci 4,2 pF

* The tube is provided with a rotation coil, concentrically wound around the tube neck, enabling the
alignment of the x-trace with the mechanical x-axis of the screen. The coil has 1000 turns and a
maximum resistance of 250 2. Under typical operating conditions, a maximum of 10 ampere-turns
are required for the maximum rotation of 3°. This means the required current is 10 mA maximum
at a required voltage of 2,56 V maximum.
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Instrument cathode-ray tube D7—222GH
DIMENSIONS AND CONNECTIONS 5+10
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(1) The bulge at the frit seal does not exceed the

maximum dimensions.

(2) The coil is fixed to the envelope by means of

adhesive tape.

(3) The length of the connecting leads of the

rotation coil is min. 350 mm.

X-axis
of face

7273809

bottom view
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D7-222GH

TYPICAL OPERATION
Conditions (note 1)

Accelerator voltage Vg2, g4, g5(%) 1000 Vv
Astigmatism control voltage AVg2 ¢4, g5(2) 50 V (note 2)
Focusing electrode voltage Vg3 100 to 180 V
Cut-off voltage for visual
extinction of focused spot —Vg1 1M to35 V
Performance
Useful scan
horizontal > 60 mm
vertical > 36 mm
Deflection coefficient
horizontal My 12,5 V/em
< 13,8 V/ecm
vertical My 20 V/em
< 22 V/em
Line width lw. 0,28 mm (note 3)
Deviation of linearity of deflection < 2 % (note 4)
Grid drive for 10 A screen current Vy ~ 10V
Geometry distortion see note 5
NOTES

1. The mean x-plate potential and the mean y-plate potential should be equal to Vg2, g4, g5(2) (with
astigmatism control voltage set to zero).

2. When putting the tube into operation the astigmatism control voltage should be adjusted only once
for optimum spot size in the centre of the screen. The control voltage will be within the stated range,
provided the conditions of note 1 are adhered to.

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 Ig = 10 uA.

As the construction of the 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 Vg1 fora
beam current of approx. 10 uA and adjust Vg3 and Vg2' g4, g5(2) for optimum spot quality at
the centre of the screen.

b) Under these conditions, but without raster, the deflection plate voltages should be changed to:
Vx1=Vx2=1000V;Vyq1=300V; V9 =700V, thus directing the total beam current to y).
Measure the current on yg and adjust Vg1 for Iy = 10 uA.

c) Set again for the conditions under a), without touching the Vg1 control. The screen current of the
resulting raster display is now 10 pA.

d) Focus optimally in the centre of the screen {do not adjust the astigmatism control) and measure
the line width.

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 57,0 mm x 33,0 mm and 56 mm x 31,6 mm is
aligned with the electrical x-axis of the tube. The edges of a raster will fall between these rectangles.

.

N
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Instrument cathode-ray tube

D7-222GH

LIMITING VALUES (Absolute maximum rating system)

Accelerator voltage
Focusing electrode voltage
Control grid voltage

Cathode to heater voltage
positive
negative

Grid drive, averaged over 1 ms
Screen dissipation

Control grid circuit resistance

Vg2, g4, g5(0)
Vgg
~Vg

Vs
—Vks

Vd
Wo

Rg1

2200

\
2200 Vv
200 Vv

\

125 Vv

November 1982
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” MAINTENANCE TYPE 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 ng ,84,85(0) 1500 VvV
Display area 80 x 60 mm2
Deflection coefficient, horizontal My 32 V/cm
vertical My 13.7 V/cm
SCREEN
colour persistence
D10-160GH green medium short
D10-160GM yellowish green long
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 5mm 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 If 300 mA

November 1982 1



D10-160..

MECHANICAL DATA (Dimensions in mm)

x-trace

-~/ o
+30v 4 ——Wj_: —: Y2

mean x-and g :Ej93

y plate 2 | — 91

potential 2200293
o k f f bottom view 7208291

Mounting position: any

0.
max 19

1745

236 %5

7208299

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.

max.

approx.

type
type

260 mm

102 mm

400 g

55566
55547

February 1970



D10-160..

CAPACITANCES

X1 to all other elements except x9 Cx1(x2) 4 pF
x9 to all other elements except x] Cxa(x1) 4 pF
y1 to all other elements except yg Cyl(yZ) 3.5 pF
yp to all other elements except y; Cya(y1) 3 pF
X1 to Xp Cxi1x2 1.6 pF
V1 to yg CylyZ 1.1 pF
Control grid to all other elements Cgl 5.5 pF
Cathode to all other elements Ck 4 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 9 + 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 19=10 pA. 1)

Line width l.w. 0.27 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 VgZ,g4,g5,!l
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 = Vy2 = 1500 V; Vx1 = 800 V; Vg9 = 1200 V, thus directing the total beam
current to x2.
Measure the current on x9and adjust Vgi1forlxp= 10 pA (being thebeam 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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D10-160..

TYPICAL OPERATING CONDITIONS3)

Accelerator voltage
Astigmatism control voltage
Focusing electrode voltage

Control grid voltage for visual
extinction of focused spot

Grid drive for 10 HA screen current

Deflection coefficient, horizontal

vertical

Deviation of linearity of
deflection
Geometry distortion
Useful scan, horizontal
vertical
LIMITING VALUES (Absolute max.

Accelerator voltage

Focusing electrode voltage
Control grid voltage, negative
Cathode to heater voltage

Grid drive, average
Screen dissipation

Control grid circuit resistance

Vg2,g4,g5.0
AVgZ,gél,gS,!Z

Vgl

My

rating system)

VgZ,g4,g5,£
Vg3

—Vgl
Vit

~Vit
W
Rg1

1500

+ 30

140 to 275
max. -=50
approx. 10
32

max. 34
13.7

max. 14.5
max. 1
see note 4
min. 80
min. 60"
max. 2200
min. 1350
max. 2200
max. 200
min. 0
max. 125
max. 125
max. 20
max. 3
max, 1

<< << < <<

<

mW/cm?2
MQ

1) A1l that will be necessary when putting the tube into operation is to adjust the
astigmatismcontrol voltage once for optimum spot shape in the screen centre. The
control voltage will always be in the range stated, provided the mean x plate and
centainly the mean y plate potential was made equal to ng‘g4,g5,g with zero

astigmatism correction.

2y The sensitivity at a deflection of less than 75% of the useful scan will not differ
n of 25% of the useful scan by more than the in-

from the sensitivity at a deflectio
dicated value.

3) The mean x and certainly the meany plate potentials should be equal to ng g4,g5,2
with astigmatism adjustment set to zero.
) A graticule, consisting of concentric rectangles of 50 mm x 60 mm and 49 mm
x 58.6 mm is aligned with the electrical x-axisof the tube. The edges of a raster
will fall between these rectangles.
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MAINTENANCE TYPE D10-161..

INSTRUMENT CATHODE-RAY TUBE

10 cm diameter flat-faced monoaccelerator oscilloscope tube with low heater consumption.

QUICK REFERENCE DATA

Accelerator voltage VQZ. g4, g5 (2) 1500
Display area 80 x 60
Deflection coefficient
horizontal My 32
vertical My 13,7

\Y

mm?

V/em
V/em

The D10—161.. is equivalent to the type D10—160.. except for the following.

HEATING

Indirect by a.c. or d.c.; parallel supply

Heater voltage Vi 6,3
Heater current If 95

LIMITING VALUES (Absolute maximum rating system)

Cathode to heater voltage
positive V+k/f- max. 100
negative V-k/f+ max. 15

CAPACITANCES
Cathode to all other elements Ck 2,3

\%
mA

\
\

pF

November 1982
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MAINTENANCE TYPE

D10-170..

INSTRUMENT CATHODE-RAY TUBE

10 cm diameter flat faced oscilloscope tube with mesh, designed for compact, transis-
torized oscilloscopes of 10 MHz to 30 MHz bandwidth.

QUICK REFERENCE DATA
Final accelerator voltage Vg7(£) 6 kV
Display area 80 x 60 mm?2
Deflection coefficient, horizontal Mx 13 V/cm
vertical My 3,5 V/cm
SCREEN
colour persistence
D10-170GH green medium short
Useful screen diameter min. 85 mm
i
Useful scan at Vg7(1)/Vg2, g4 = 6
horizontal min. 80 mm
vertical min. 60 mm

The useful scan may be found 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 Vi 6,3 V

Heater current I 300 mA
|

April 1976 1



D10-170.. “

MECHANICAL DATA Dimensions in mm

x-trace

Q
+H
R
+15v ©
3
wn
mean :
x-plate <= E
potential 3
Ly
—15v
+30v
J— 00 |
mean
y-plate ’ Q@
potential ‘ 3 >
u BEX:
P T 72083801
30V —
bottom view

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  55563A
Mu-metal shield type 55548

2 June 1973



D10-170..

CAPACITANCES
X] to all other elements except xy Cxl(XZ) 7 pF
X9 to all other elements except x| CXZ(Xl) 7 pF
y) to all other elements except yq CYI(YZ) 5 pF
yo to all other elements except y} CYZ(Yl) 5 pF
X to Xp CXlXZ 2.5 pF
y1toysp CY1Y2 1.5 pF
Control grid to all other elements Cgl £ -
Cathode to all other elements Ck
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 90 £ 1°

LINE WIDTH

Measured with the shrinking raster method over the whole screen area under
typical operating conditions, adjusted for optimum spot size at a beam current
I¢ = 10 uA.

Line width l.w. 0.42 mm

May 1979 3



D10-170..

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7(jz) 6000 VvV
Interplate shield voltage Vgé 1000 Vv
Geometry control voltage A\lgé +15 v 1)
Deflection plate shield voltage VgS 1000V 2)
Focusing electrode voltage VgS 170 to 230 V
First accelerator voltage ng,g4 1000 V
Astigmatism control voltage Avgz,g4 +30 V 3)
Control grid voltage for visual

extinction of focused spot Vg, -16to =40 V
Deflection coefficient, horizontal My av. 13 V/cm

max. 14
. av. 3.5
vertical My max. 3.8 V/cm
Deviation of linearity of deflection max. 2 g4
Geometry distortion see note 5
Useful scan, horizontal min. 80 mm
o vertical min. 60 mm
— LIMITING VALUES (Absolute maximum rating system)

. max. 6600 V
Final accelerator voltage Vg7(ﬂ) min. 4000 V
Interplate shield voltage and

geometry control electrode voltage Vg() max. 2200 V
Deflection plate shield voltage VgS max. 2200 V
Focusing electrode voltage VgB max. 2200 V
First accelerator and astigmatism

control electrode voltage \Y max. 2200V

ontrof clectrode voltag 8284 min. 900 V
. . i max. 200 V
Control grid voltage, negative —\/gl min. 0 v
¢ 7
Cathode to heater voltage Vit max. 125’ \
-Vt max. 125 V
Voltage between astigmatism control P
clectrode and any deflection plate Vg4/x max. 300 v
Vg 4y max. 500 V
Grid drive, average max. 20 V
Screen dissipation Wy max. 3 mW/cm?2
Ratio Vg7(ﬂ)/vg2,g4 Vg7(f)/vg2.g4 max. 6
Control grid circuit resistance Rg) max. 1 MR
For notes see page 5.
4 March 1981



D10-170..

Notes

l) This tube is designed for optimum performance when operating at a ratio
Vg7/Vg2,g4 =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.

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 thanthe
indicated value.

5) A graticule, consisting of concentric rectangles of 60 mm x 60 mm and
58.6 mm x 58.6 mm, is aligned with the electrical x-axis of the tube.
With optimum correction potentials applied the edges of a raster lie between these
rectangles.

February 1972 5







J L D10-180GY

INSTRUMENT CATHODE-RAY TUBE

mono accelerator

10 cm diagonal rectangular flat face

dynamic deflection defocusing correction

internal magnetic correction for astigmatism and vertical eccentricity
quick-heating cathode

for portable oscilloscopes with up to 256 MHz bandwidth, and read-out devices

QUICK REFERENCE DATA

Accelerator voltage Vg2(0) 2000 V
Minimum useful scan area 70 x 56 mm
Deflection coefficient
horizontal My 36 V/cm
vertical My 23 V/cim

OPTICAL DATA

Screen

type GY, colour green

persistence medium short
Useful screen area l > 70 x 56 mm
Useful scan area = 70 x 56 mm
Spot eccentricity

in horizontal direction < 6 mm

in vertical direction < 3 mm note 2, page 7
HEATING
Indirect by a.c. or d.c.*
Heater voltage Vi 63V
Heater current lf 240 mA
Heating time to attain 10% of the cathode

current at equilibrium conditions approx. 5s

* Not to be connected in series with other tubes.

August 1982



D10-180GY

MECHANICAL DATA
Dimensions and connections (see also outline drawing)

Overall length (socket included)

—» Faceplate dimensions

Net mass

Base

Mounting

<240 mm
82+ 1mmx69 +1mm

approx. 450 g

12 pin, all glass,
JEDEC B12-246

The tube can be mounted in any position. It must not be supported by the base alone or near the base
region and under no circumstances should the socket be allowed to support the tube.

—= Accessories

Socket with solder tags
Socket with printed-wiring pins

FOCUSING

DEFLECTION
x-plates
y-plates

type 55589/55594
type 556595

electrostatic

double electrostatic
symmetrical
symmetrical

If use is made of the full deflection capabilities of the tube the deflection plates will block part of the

electron beam, hence a low impedance deflection plate drive is desirable.

November 1982



Instrument cathode-ray tube D10—180GY

DYNAMIC DEFLECTION DEFOCUSING CORRECTION

The tube has a special electrode, positioned between the x and y-plates, for dynamic correction of
deflection defocusing, to improve the uniformity of the extremely good line width up to the screen
edges. If use is made of this dynamic correction, a negative voltage proportional to, and approx. 50% of,
the negative horizontal deflection plate voltage should be applied to this electrode (grid 6).

The correction-circuit impedance must be < 100 k2. To prevent distortion, the output impedances of
the x-amplifiers should be < 10 k2.

If no correction is required, grid 6 should be connected to mean x-plate potential (VQQ(Q)).

Angle between x and y-traces 90 £ 10
Angle between x-trace and x-axis of the face plate < Ho*

CAPACITANCES (approx. values)

x1 to all other elements except x2 Cx1(x2) 4,5 pF
x2 to all other elements except xq Cx2(x1) 4,5 pF
y1 to all other elements except yo Cy1(y2) 3.5 pF
y2 to all other elements except y1q Cyz(y” 3,6 pF
X1 to x9 Cx1x2 2 pF
y1toyo Cy1y2 1 pF
Control grid to all other elements Cg1 6 pF
Cathode to all other elements Ck 2,7 pF

* The tube has a trace rotation coil, fixed onto the lower cone part. The coil has 1000 turns and a
typical resistance of 165 € at 20 ©C (max. 250 £2 at 80 OC). Approx. 5 mA causes 1° trace rotation.
Thus maximum required voltage is approx. 11 V for tube tolerances (+ 5°) and earth magnetic field
with reasonable shielding (+ 20).

August 1982




D10-180GY

DIMENSIONS AND CONNECTIONS

Dimensions in mm

+ o
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Fig. 1 Outlines; for notes see bottom of opposite page.
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Instrument cathode-ray tube

D10-180GY

y2
139+ 10°

v

- Y

X-axis
of face

7286667 92 x2

Fig. 2 Pin arrangement; bottom view.

Notes to the drawing on opposite page.

()

x1
x2 _—l|
100k 96| = =1
max. -
v Tl
mean x- plate v
potential E_‘_: -1 a2
[ — et | K
g1 —f

£

7286668 f f

Fig. 3 Electrode configuration.

1. Dimensions of face plate only. The complete assembly of face plate and cone (frit seal included)
will pass through an opening of 85 mm x 72 mm (diagonal 107 mm).

2. The coil is fixed to the envelope with resin and adhesive tape.

3. The length of the connecting leads of the rotation coil is min. 350 mm.

4. Reference points on face plate for screen alignment.
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D10-180GY

TYPICAL OPERATION*
Conditions (note 1)

Accelerator voltage Vg2(0) 2000 V
Astigmatism control voltage Avgm) oV note 2
Focusing electrode voltage Vg3 220 to 360 V

—=a Cut-off voltage for visual extinction

of focused spot —Vg1 22to 65 V
Performance
Useful scan
horizontal = 70 mm
vertical = 56 mm
De;ls;tzlontc:)efﬁment " 36 V/em
onta x < 39 V/em
. 23 V/em
tical M
S vertica v < 255 V/em
— Line width at 10 pA beam current lw. ~ 0,2 mm note3
m— Deviation of linearity of deflection < 2% note 4
Geometry distortion see note 5
Grid drive for 10 uA screen current Vq ~ 10V
LIMITING VALUES (Absolute maximum rating system)

— Accelerator voltage Vg2(2) max. 2200 V
Focusing electrode voltage Vg3 max. 2200 V
Voltage between accelerator electrode

and grid 6 Vg2/96 max. £ 500 V
Voltage between accelerator electrode
and any deflection plate Vg2/x/y max. + 500 V
. max. 200 V
Control grid voltage —Vg1 min. Y
Cathode to heater voltage
positive Vit max. 125 V
negative —=Vif max. 126 V

— Grid drive, averaged over 1 ms V4 max. 20 V
Screen dissipation We max. 3 mW/cm?
Control grid circuit resistance Rg1 max. 1 MQ
* Notes are on page 7.
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Instrument cathode-ray tube D10—180GY

NOTES
1. The mean x-plate potential and the mean y-plate potential should be equal to ng(Q).

2. The tube features internal magnetic correction for spot shaping (astigmatism) and vertical eccentricity
calibration. Correction is obtained at ng = 1800 to 2200 V; optimum at Vgg =2000 V.

3. Measured with the shrinking raster method within the useful scan under typical operating conditions,
adjusted for optimum focus and dynamic correction applied.

As the construction of the 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 Vg1 for a
beam current of approx. 10 A and adjust Vg3 for smallest spot size at the centre of the screen.
When measuring the beam current, grid 6 should be connected to g2-potential and the diodes
should be disconnected from the x-plates.

b) Under these conditions, but without raster, the deflection plate voltages should be changed to:
Vy1=Vy2=2000V; Vyq =1300 V; Vyp = 1700 V, thus directing the total beam current to x.
Measure the current on xp and adjust Vg1 for Iyp = 10 pA.

c) Set again for the conditions under a), without touching the Vg1 control. The screen current of
the resulting raster display is now 10 uA.
Adjust Vg3 for optimum focus in the centre of the screen and apply dynamic correction to
grid 6 for optimum vertical line width.

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.

a1

. A graticule consisting of concentric rectangles of 70 mm x 56 mm and 68,4 mm x 54,4 mm is
aligned with the face plate (using the reference points). With optimum trace rotation correction,
horizontal and vertical lines will fall between these rectangles.
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D10-181GY

INSTRUMENT CATHODE-RAY TUBE

mono accelerator

10 cm diagonal rectangular flat face

dynamic deflection defocusing correction

internal magnetic correction for astigmatism and vertical eccentricity

low heater power consumption

for portable oscilloscopes with up to 256 MHz bandwidth, and read-out devices

QUICK REFERENCE DATA

Accelerator voltage Vg2(2) 2000 V
Minimum useful scan area 70x 56 mm
Deflection coefficient
horizontal My 36 V/cm
vertical My 23 V/ecm
The D10-181GY is equivalent to type D10-180GY except for the following.
HEATING
Indirect by a.c. or d.c.*
Heater voltage Vs 63 V
Heater current If 95 mA
LIMITING VALUES (Absolute maximum rating system)
Cathode to heater voltage
positive Vs max. 100 V
negative =Vt max. 15 VvV
CAPACITANCES
Cathode to all other elements Ck 2,6 pF

* Not to be connected in series with other tubes.

August 1982






D12-120GH/115

INSTRUMENT CATHODE-RAY TUBE

12 cm diagonal rectangular flat-faced oscilloscope tubes with mesh and metal-backed screen with

internal graticule. For use in compact oscilloscopes.

QUICK REFERENCE DATA

Final accelerator voltage
Minimum useful scan area

Deflection coefficient
horizontal
vertical

Vgg(g) 10 kV
80 mm x 64 mm

My 15,6 V/div
My 4,1 V/div

OPTICAL DATA

Screen
type
persistence

Useful screen area

Usefu! scan area

Spot eccentricity in horizontal and vertical directions
Internal graticule

HEATING

Indirect by a.c. or d.c.*
Heater voltage

Heater current

* Not to be connected in series with other tubes.

metal-backed phosphor
GH, colour green
medium short

=80 mm x 64 mm
=80 mm x 64 mm
< 0,6 div

type 115; see Fig. 5

V¢ 63V
I¢ 95 mA

November 1982



D12-120GH/115

1

MECHANICAL DATA
Dimensions and connections (see also outline drawing)

Overall length (socket included) <335 mm

Faceplate dimensions 86 +2mm x98 £ 2 mm
Net mass approx. 700 g

Base 14 pin, all glass
Mounting

The tube can be mounted in any position. It should not be supported by the base alone and under no
circumstances should the socket be allowed to support the tube.

Accessories

Socket, supplied with tube type 55566

Side contact connector (5 required) type 55561

Final accelerator contact connector type 55563A
FOCUSING electrostatic
DEFLECTION double electrostatic
x-plates symmetrical
y-plates symmetrical

Angle between x and y-traces 90 + 10

Angle between x-trace and x-axis of the internal graticule <5Oo*

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

CAPACITANCES

x1 to all other elements except xo Cx1(x2) 5,3 pF
x9 to all other elements except xq Cx2(x1) 5,3 pF
y1 to all other elements except yp Cy1(y2) 3,6 pF
y7 to all other elements except yq Cy2(y1) 3,6 pF
X1 to x9 Cx1x2 2,1 pF
yi toyo Cy1y2 1,7 pF
Control grid to all other elements Cg1 55 pF
Cathode to all other elements Ck 4,5 pF

* The tube has a rotation coil, concentrically wound around the tube neck, to allow alignment of the
x-trace with the mechanical x-axis of the screen. The coil has 1000 turns and a maximum resistance
of 150 £2. Under typical operating conditions, approx. 50 ampere-turns are required for the maximum
rotation of 5°.
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Instrument cathode-ray tube

D12-120GH/115

DIMENSIONS AND CONNECTIONS

Dimensions in mm
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detail of side contact
Fig. 1 Outlines.
1. The bulge at the frit seal may increase the indicated maximum dimensions by not more than 2,8 mm.
2. The coil is fixed to the envelope by means of adhesive tape.
3. Connection cable, comprising two wires for connection of the rotation coil, and one green wire for
earthing the outer conductive coating. Minimum cable length is 120 mm.
4. The centre of the final accelerator contact is situated within a square of 10 mm x 10 mm around the
true geometrical position.
November 1982 3



D12-120GH/115

DIMENSIONS AND CONNECTIONS (continued)
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Fig. 2 Pin arrangement; bottom view.
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Fig. 3 Side-contact arrangement; bottom view.
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Fig. 4 Electrode configuration.
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Instrument cathode-ray tube

D12-120GH/115
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subdivision 1,6 mm

Fig. 5 Internal graticule.
Line width = 0,15 mm;
dot diameter = 0,32 mm.

TYPICAL OPERATION (for notes see page 6)

Conditions
Final accelerator voltage
Geometry control electrode voltage

Post deflection shield and interplate shield voltage
Background illumination control voltage

Deflection plate shield voltage
\ Focusing electrode voltage
First accelerator voltage
Astigmatism control electrode voltage

Cut-off voltage for visual extinction
of focused spot

Performance

Useful scan
horizontal
vertical

Deflection coefficient
horizontal

vertical

Line width

Grid drive for 10 uA screen current
Geometry distortion

Deviation of deflection linearity

Vg8(8)

VgG
AVge
Vg5

Vgg
Vg2,g4
AV92,94

_Vg1

l.w.
Vd

10

1500 + 100

1500

0to—15

1500

250 to 350

1500

+50

18 to 60

> 80

> 64

15,6

< 17

4,1

< 45

typ. 0,35

approx.

see note 5

kV

V (note 1)
\'%

V (note 1)
V (note 2)
\%

\Y)

V (note 3)

\%

mm
mm

V/div
V/div
V/div
V/div
mm (note 4)

12V

< 2%, see note 6
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D12-120GH/115

LIMITING VALUES (Absolute maximum rating system)

Final accelerator voltage Vg8(%) max. 11 kv
Geometry control electrode voltage Vg7 max. 2200 V
Post deflection shield and inter-plate
shield voltage Vg6 max. 2200 V
Deflection plate shield voitage Vg5 max. 2200 V
Focusing electrode voltage Vgg max. 2200 V
. . . Y max. 2200 V
First accelerator and astigmatism voltage 92,94 min. 1350 V
. Y max. 200 V
Control grid voltage —Vg1 min. oV
Cathode to heater voltage
positive Vit max. 100 V
negative —-Vif max. 15 V
Voltage between astigmatism control
electrode and any deflection plate Vg4/x max. 500 V
Vga/y max. 500 V
Grid drive, averaged over 1 ms Vg max. 20 V
Screen dissipation Wy max. 8 mW/cm?
Control grid circuit resistance Rg1 max. 1 M&Q
Notes

1. The tube is designed for optimum performance when operating at a ratio Vgg(¢)/Vg2 g4 =6.7.
The geometry control electrode voltage V7 should be adjusted within the indicated range (values
with respect to the mean x-plate potentiall)].

A negative control voltage Vg (with respect to the mean x-plate potential) will cause scme
pincushion distortion and less background light, a positive control voltage will give some barrel
distortion, and a slight increase of background light. By the use of the two voltages VgG and Vg7,
the best compromise between background light and raster distortion can be found.

2. The deflection plate shield voltage should be equal to the mean y-plate potential. The mean x-plate
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
necessary adjustment its potential will be within the stated range.

4. 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 of 10 uA.

5. A graticule consisting of concentric rectangles of 80 mm x 64 mm and 78,2 mm x 62,6 mm is
aligned with the electrical x-axis of the tube. With optimum corrections applied, the edges of a
raster will fall between these rectangles.

6. 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.
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OBSOLESCENT TYPE 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 Vg,](g) = 3000 V
Display area 8 cm x full scan
Deflection coefficient, 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 Vg7(12)/Vg5 =9
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 Ve = 6.3 V

Heater current If = 300 mA
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D13-27. I

MECHANICAL DATA Dimensions in mm
. ' max135¢
IS Q B
& & .
o [Te] L=
¥
x-trace! - 97(1)
0
feud
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5 H 3
95'—': '_'-__.__g 4
g3 I= ;,._92
9 = 519+15]
tat———]
k f f 7203095.2 Q gz
i
o E Y
—

72073742

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. 354 mm

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

Socket (supplied with tube) type 55566

Final accelerator contact connector type 55563A

Mu metal shield type 55557
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D13-27.

CAPACITANCES

x] to all other elements except xq
X, to all other elements except X
yj to all other elements except y,
yo to all other elements except y;
X] L0 X9

yptoys

Grid No.1 to all other elements
Cathode to all other elements

Grid No.3 to all other elements

FOCUSING electrostatic
DEFLECTION double electrostatic
x plates symmetrical
y plates symmetrical

N O
O Y 2 S R L Y YV

—_

—
o

pF
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

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
The helix is connected between g(¢) and g

2) See page 5

Vea(e)
Vg
Vg

5
2

Ig(0)
l.w.

min.

3000
1500
1500

10
0.25

50

v2)

MA

MQ
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D13-27. ”

TYPICAL OPERATING CONDITIONS

Final accelerator voltage Vg7(ﬁ) = 3000 V
Geometry control electrode voltage Vg6 = 1500+ 75 V1)
Astigmatism control electrode voltage VgS = 1500+ 75 V 2)
Focusing electrode voltage Vg4 = 300to 550 V
Deflection blanking electrode voltage Vg3 = 1500 VvV
Deflection blanking control voltage AVgs = max. =60 V3)
First accelerator voltage ng = 1500 V
Control grid voltage for visual
extinction of focused spot Vgl = =-38to -135 V

Deflection coefficient

horizontal My = 21to 27 V/cm

vertical My = 9.8to 12.2 V/cm
Deviation of linearity of deflection = max. 2 % 4)
Geometry distortion See note 5

Useful scan
horizontal full scan

vertical = min. 80 mm

CIRCUIT DESIGN VALUES

Focusing voltage 200 to 370 V per kV of V

UQ<
n

4 g5
Control grid voltage for visual
extinction of focused spot _Vgl = 25to 90 V per kV of ng
Deflection coefficient at
Ve, (2)/ Vgs = 2
horizontal M, = l4to 18 V/cm per kV of VgS
vertical My = 6.5t08.2 V/cm per kV of VgS
Control grid circuit resistance Rgl = max. 1.5 MQ
Deflection plate circuit
resistance Rx’Ry = max. 50 k2
Focusing electrode current Ig4 = -15to+10 upA 6)

Notes see page 5
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D13-27..

LIMITING VALUES (Absolute max. rating system)

) = max. 3300 V
Final accelerator voltage Vg7(£) = min. 1800 V
Geometry control electrode voltage Vgé = max. 1700 V

. . = max. 1700 V
Astigmatism control electrode voltage Vgs = min. 1200 V
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. 0 Vv
Voltage between astigmatism control

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

VgS Iy = max. 500 V
Screen dissipation Wy = max. 3 mW/cm2
Ratio Vg_;(g )/Vg5 Vg-;(ﬂ )/'\/'g5 = max. 2
Cathode current, average Iy = max. 300 uA

l) This tube is designed for optimum performance when operating at the ratio
Vg7(g )/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) 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) For beam blanking of a beam current of 10 uA.

4) The sensitivity at a deflection of less than 75% of the usefull scanwill not dif -
fer from the sensitivityat a deflectionof 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
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.

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

w
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MAINTENANCE TYPE 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 VgZ’g4’g5(~Q) 2000 V
Display area 100 x 80 mm2
Deflection coefficient, horizontal My 31.3 V/cm
vertical My 14.4 V/cm
SCREEN
colour persistence
D13-480GH green medium short
D13-480GM yellowish green long
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 V¢ 6.3V

Heater current It 300 mA
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D13-480..

- MECHANICAL DATA (Dimensions in mm)

| x-trace

bottom view
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Mounting position: any
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The tube shouldnot 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. 630 g
Accessories
Socket (supplied with tube) type 55566
Mu-metal shield type 55580

2
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D13-480..

CAPACITANCES
x] to all other elements except xq Cx1(x2) 4 pF
X9 to all other elements except x; Cx2(x1) 4 pF
y1 to all other elements except yo Cyl(y2) 3.5 pF
y2 to all other elements except yj Cy2(yl) 3 pF
X] to xp Cxix2 1.6 pF
y1 to y2 Cyly2 1.1 pF
Control grid to all other elements Cgl 5.5 pF
Cathode to all other elements Ck 4 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 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 Ig = 10 pA.1)

Line width lL.w. 0.30 mm
) 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 VgS and Vg2,¢4,¢5,!
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; Vyp = 1700 V, thus directing the total beam
current to x2.
Measure the current on x9 and adjust Vg1 for Iyg =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 ng_‘ 24858 2000 VvV
Astigmatism control voltage AVgZ*gél’gS:f +50 vl
Focusing electrode voltage VgS 220 to 370V
Control grid voltage for visual
extinction of focused spot Vgl max. -65 V
Grid drive for 10 pA screen current approx. 10V
) o . 31.3 V/cm
Deflection coefficient, horizontal My max. 33 V/em
. 14.4 V/cm
vertical My max. 15.5 V/cm
Deviation of linearity of deflection max. 1 %2
Geometry distortion see note 4
Useful scan, horizontal min. 100 mm
vertical min. 80 mm

LIMITING VALUES (Absolute max. rating system)

Accelerator voltage Vo, g4. g5, Eil: 5588 X
Focusing electrode voltage VgS max. 2200 V
Control grid voltage, negative -Vgl E;]: 208 X
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?
Control grid circuit resistance Rgl max. 1 M@

Ly All that will be necessary when putting the tube into operation is to adjust the
astigmatism control voltage once for optimum spot shape in the screen centre.
The control voltage will always be in the range stated, provided the mean x and
certainly the mean y plate potential was made equal to Vg2’g4fg5_ﬁ with zero
astigmatism correction.

2y The sensitivity at a deflection of less than 759 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 mean y plate potential should be equal to Vgg,g/;,gs,ﬁ
with astigmatism adjustment set to zero.

4) A graticule, consisting of concentric rectangles of 70 mm x 85 mm and 68.8 mm
x 83 mm as aligned with the electrical x-axis of the tube. The edges of a raster
will fall between these ractangles.
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MAINTENANCE TYPE D13-481..

INSTRUMENT CATHODE-RAY TUBE

13 cm diameter flat-faced monoaccelerator oscilloscope tube with low heater consumption.

QUICK REFERENCE DATA

Accelerator voltage Vg2, g4, g5 (2) 2000 V
Display area 100 x 80 mm?
Deflection coefficient
horizontal My 31,3 V/em
vertical I\/Iy 14,4 V/cm

The D13—481.. is equivalent to the type D13—480.. except for the following.

HEATING
Indirect by a.c. or d.c.; parallel
Heater voltage Vi 6,3 V
Heater current It 95 mA
LIMITING VALUES (Absolute maximum rating system) /
Cathode to heater voltage
positive V+k/f- max. 100 V
negative V-k/f+ max. 15 V

CAPACITANCES
Cathode to all other elements Ck 2,3 pF

November 1982
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MAINTENANCE TYPE D13-500GH /01

INSTRUMENT CATHODE-RAY TUBE

TheD13-500GH/01 is a wide-band oscilloscope tube designed for observation and
measurement of high frequency phenomena.

This tube has a rectangular 13 cm diagonal flat face with aluminized screen and
internal graticule, post-deflection accelerator with mesh, vertical deflection by
means of a symmetrical helix system, scan magnification in the vertical direction
by means of an electrostatic quadrupole lens and correction coils for trace align-
ment, vertical shift of the display area and correction of the orthogonality of traces.

QUICK REFERENCE DATA
Final accelerator voltage Vg13(£) 15 kV —
Display area 100 x 60 mm? —
Deflection coefficient, horizontal M, 13.5 V/cm h—
vertical My 1.7 V/cm
Bandwidth of the vertical deflection system B 800 MHz
SCREEN
colour persistence
D13-500GH/01 green medium short
Useful screen dimensions min. 100 x 60 mrn2
Useful scan at 'Vgla(ﬁ)/V 2 : 6 .
orizontal min. 100 mm
vertical min. 60 mm
Eccentricity in horizontal direction max. 7 mm
Eccentricity in vertical direction max. 6 mm

The scanned raster can be shifted in vertical direction and aligned with the
internal graticule by means of correction coils mounted on the tube (see page 14).

For illumination of the internal graticule see page 16.
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D13-500GH /01

DESCRIPTION
General

TheD13-500GH/01 has been primarily designed for wide-band high-frequency appli -
cations. It combines high brightness, high deflection sensitivity and a large band-
width of the vertical deflection system.

In order to obtain the high sensitivity, the post-deflection acceleration system em-
bodies a mesh. The sensitivity in the vertical direction has been further increased
by means of an electrostatic quadrupole lens that has been inserted between the
vertical deflection system and the horizontal deflection plates. The large band-
width has been obtained by using, for the vertical deflection, a delay-line system
instead of deflection plates. With the typical operating conditions, 2500 V first
accelerator voltage and 15000 V final accelerator voltage, the vertical and the
horizontal deflection factors are about -2 V/cm and 15 V/cm respectively, with a
10x6 cm?2 display area.

The bulb hasa rectangular face and the screen is aluminized. To eliminate parallax
errors, an internal graticule is incorporated. Correction coils have been provided
to permit image rotation, correction of the orthogonality of traces and the adjust-
ment of the vertical useful scan with respect to the graticule.

7251864
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Fig.1
Rise time of the display 7t as a function of the rise time of the input signal 7T9
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Di13-500GH/01

The vertical deflection system

For the vertical deflection, a delay-line system is used so that transit-time effects
are practically eliminated. The system consists of two flattened helices to which a
symmetrical deflection signal should be applied. Under these conditions, the char-
acteristic impedance of each helix is 150 . The input and output terminals are
brought out on opposite sides of the neck on the same plane. The input terminals
are connected to the beginning of the helices by means of a matched, internal two-
wire transmission line. The output of the deflection system should be properly ter-
minated in order to avoid signal reflections.

With the typical operating conditions, the band-width of the deflection system, i.e.
the frequency at which the sensitivity is 3 dB below its value at D.C., is about
800 MHz. Even above this frequency, the response decreases only gradually so
that, for narrow-band applications, the tube can be used with reduced vertical sen-
sitivity up to about 2000 MHz.

The rise time <1y, i.e. the time interval during which the-display of an ideal step-
function signal applied to the input goes from 10% to 90% of its final value, is about
0.45 ns. If the input signal has the rise-time T, the rise-time -1 of the display is

approximately given by
T=Ve 2,72

1

In Fig.1, 7 has been plotted as a function of T9, with Ty = 0.45 ns. If, for example,
the tube is used in combination with an amplifier and the rise-time of the display is
to be 1.4 ns (corresponding with 250 MHz band -width), the rise-time of the ampli-
fier should be 1.33ns. It can be seen that in this region the rise-time of the display
is almost equal to the amplifier rise-time, without a significant contribution of the
cathode -ray tube.

If the tube is to be used without an amplifier in order to make use of its full band-
width capabilities, care should be takento ensure good symmetry of the input signal.

Fig.2 shows how the tube can be connected to a 50 §2 coaxial input. A matched power
divider is used which delivers two identical output signals. One of these is inverted
by means of a pulse inverter. An additional length of 50 © cable should be inserted
into the path of the non-inverted signal having the same delay time as the pulse in-
verter so that the two signals arriveat the input of the deflection system at the same
time. The 75 Q shunt resistors serve to obtain a correct termination of the 50 Q
lines. Since each branch of the power divider has 6 dB attenuation, the sensitivity,
measured at the 50 €2 input, is also 2 V/cm.
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D13-500GH/01 H
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Fig.2
Connection to an asymmetrical 50 €2 input
A: Power divider Ry, Rg: Resistors 75
B: Inverter R3, Ry4: Resistors 150 &2
C: Cable D , D': Deflection system

Note: Delay of inverter B and cable C are equal.

Scan magnifier and focusing system

As already mentioned, an electrostatic quadrupole lens, i.e. an electron lens which
has two mutually perpendicular planes of symmetry, divergent in one plane and con-
vergent in the other, is used for the magnification of the vertical deflection. This
lens is inserted between the vertical deflection system and the horizontal deflection
plates, with its plane of divergence in the direction of the vertical deflection.
Therefore, it magnifies the vertical deflection without affecting the horizontal de-
flection.

Because of the astigmatic properties of this quadrupole lens, a conventiona!, rota-
tionally symmetrical focusing lens cannot be used. Instead of this, two more elec-
trostatic quadrupole lenses are incorporated so that focusing is accomplished by
means of three quadrupole lenses, with alternating orientation of their planes of
convergence and divergence. The focusing action is schematically shown in Fig.3.
The strength of the scan-magnifier lens is controlled by applying to the electrode
g9 a negative voltage with respect to go. Within a certainrange of this voltage, cor-
responding to a scan-magnification factor Msc, i.e. the ratio of the deviations on
the screen with and without scan magnification respectively, between 1.8 and 2 the
combined effect of the three lenses will yield an approximately circular spot at
moderate beam currents. (At high beam currents, when space-charge repulsion
causes an increase of spot size, the width of the vertical lines will be smaller than
that of the horizontal lines).
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D13-500GH/01
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In this range, line-width at a fixed value of screen current, and screen current at a
fixed value of grid No.1 voltage, are increasing functions of the scan-magnification
factor. Figs.4 and 5 show the average relative change with respect to the values at
Msc = 1.9 which, generally, is the most suitable compromise.

For minimum defocusing of vertical lines near the upper and lower edge of the dis-
play area, the electrode gg should be kept at a positive voltage with respect to go
(about 200 V with 2500 V first accelerator voltage). As this voltage also has some
effect on the scan-magnification factor, both gg and g9 should be connected to go
when the deviation without scan magnification is being measured.
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Fig.4 —> Mgc

Line-width as a function of the scan-magnification factor (approximately)
Line-width at Mg¢c = 1.9 is 100%, Igcreen = const.
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Screen current as a function of the scan-magnification factor (approximately)
Screen current at Mg = 1.9 is 100%, Vgl = const.

For the adjustment of the scan-magnification factor the following procedure is re-
commended:

a. Set Vg8 and Vg9 to 0 with respect to go.

b. Display a time-base line and adjust V,, so that the line appears sharply focused.

c. Apply a square wave signal to the vertical deflection system (the vertical parts
of the trace will be out of focus but this is immaterial) and adjust the amplitude
so that the height of the display has a convenient value, e.g. 30 mm.

d. Set Vgg and Vg9 to the appropriate values and readjust Vg6 so that the horizontal
parts of the trace are again in focus.

e. Check the height of the display (e.g. for Mge = 1.9 this height should now be
57 mm).

f . If necessary, readjust Vg9 until the desired value of Mgc has been obtained.

Focusing is controlled by means of the electrode voltage Vg, and Vg . The elec-
trodes g5 and g7 can be used to centre the beam with respect to the vertical and
horizontal deflection systems.

The voltages of the focusing and correction electrodes can be adjusted as follows:

a. Display a square-wave signal on the screen so that both horizontal and vertical
traces are visible.

b. Adjust 'Vgé so that the horizontal parts of the display are in focus.
The vertical parts will, in general, be out of focus.

c. Adjust Vg, so that the vertical traces are brought into focus.
Now the horizontal parts of the display will be out of focus again.

d. Repeat b) and c) successively until both vertical and horizontal traces are simul-
taneously in focus.

e. Adjust Vg, for minimum width of a horizontal line.
If necessary, readjust focusing voltages Vg4 and Vgé.
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D13-500GH /01

f. Adjust Vg7 for equal brightness at the left-hand and right-hand edges of the dis-

play area. If necessary, readjust the focus by means of Vg, .

g. Adjust Vg so that the position of a horizontal trace not de?lected in the vertical
direction is at the centre of the vertical useful scan. If necessary, readjust the
focus by means of Vg4.

If the graticule is not fully covered by the scanned area the image should be
shifted by adjusting the correction coil current (see page 16) before the adjust-
ment of Vg5 is made.

The procedure for the adjustment of the scan-magnification factor and for. focusing,
as described above, seems to be rather complicated.

However, in practice it will be sufficient to adjust Vgg to its nominal value without
determining the scan-magnification factor for each individual tube. As to focusing,
the user can, with some experience, achieve the best setting with very few adjust-
ments.

Post-deflection acceleration

The use of a p.d.a. shield (mesh) ensures a high deflection sensitivity. A geometry
control electrode, g;;, sexrves for the correction of pin cushion or barrel distortion
of the pattern. In order to suppress background illumination due to secondary elec-
trons originating from the p.d.a. shield gy9, this shield should be kept 12 V nega-
tive with respect to gjj whereas the voltage of the interplate shield, g should be
equal to the mean x-plate potential.

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

Heater voltage Vi 6.3 V

Heater current m
CAPACITANCES
x] to all other elements except xp CXI(XZ) 4.5 pF
X9 to all other elements except x; CXZ(XI) 4.5 pF
X1 to X9 CXlxz 2.7 pF
Control grid to all other elements Cgl 6 pF
Cathode to all other elements Ckx 5 pF
External conductive coatingto all other elements Cm 1500 pF

ly Clear area for light conductor.

2) These dimensions apply to the illumination plate which will always be within the
limits 117 + 1.5 x 79 + 1.5 mm of the tube face.

3) The soldering tags will be situated within a rectangle of 60 mm x 40 mm on the
rearside of the tube.
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MECHANICAL DATA

Dimensions in mm
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Notes: see page 7
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1) The centre of the contact is
located within a square of
10 mm x 10 mm around the
true geometrical position.

2) The external conductive
coating must be earthed.
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MECHANICAL DATA (continued)

12024
11721‘5
11621 1)

¥
™

I
cemented f

7251857

100

60

7251858.2

Mounting position: any

line width 0.15mm

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 and front glass plate inclusive)

Face dimensions

Net weight

Base

Accessories

Socket

Final accelerator contact connector

Side contact connector

Mu-metal screen

max. 492 mm
max. 124 x 92 mm?
approx. 1300 g

14-pin all glass

type 55566
type 55563A
type 55561
type 55582

In order to avoid damage to the side contacts the narrower end of the mu-metal
screen should have an internal diameter of not less than 65 mm.

1y see page 7
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FOCUSING electrostatic 1)
DEFLECTION double electrostatic
x plates symmetrical

The y deflection system consists of a symmetrical delay line system.

Characteristic impedance 2x150 £
Bandwidth (-3 dB) 800 MHz 2)
Rise time <0.45 ns 3)

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 4) (see page 14 "Correction coils")

1) Because of the applications of a quadrupole lens for the magnitication of the ver-
tical deflection, two more quadrupole lenses are used for focusing. Therefore,
controls for two voltages have to be provided.

2) The band-width is defined as the frequency at which the vertical deflection sen-
sitivity is 3 dB lower than at D.C.

3) The rise-time is defined as the time interval between 10% and 90% of the final
value of deflection when an ideal step-function signal is applied to the vertical
deflection system. If the actual signal has an appreciable rise-time 9 the rise-
time of the tube can be determined from

L S T Y

where ¥ is the rise-time observed on the display.

This should be measured after the angle between the x-traces and y-traceshas
been corrected by means of the correction coils, otherwise two measurements
have to be taken (using either a different polarity of the vertical deflection signal
or different direction of the time-base sweep) and the true value of T has to be
calculated as the arithmetic mean of the two results.

T

4) Deviations from the orthogonality of traces can be eliminated by means of cor-
rection coils.
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LINE WIDTH

Measured with the shrinking raster method in the centre of the screen under typical oper -
ating conditions, adjusted for optimum spot size at a beam current Iy = 10 yA a