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Mullard Technical Handbook
GENERAL INDEX TO VOLUME THREE

This index of Mullard valves and tubes will be reissued periodically to incorporate

the latest information.

Data sheets for types starred thus (*) have not yet been published but will be
issued when they become available. A guarantee that these valves and tubes
will become available is not implied by their inclusion in this list. Sheets for
maintenance types are overprinted in red.

The issue number or date given against each type shows the latest information
published and should correspond to that given on the data sheet at the bottom

left-hand corner of each page.

Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Mar 60 General Index Vol. 3 6 2 AWI13-36 6
4  List of Symbols 2 Apr 59  AW17-20 D1-D4
Apr 59 " c1-C2
Cathode Ray Tubes (except television 1 AW22-10 6
icture tubes—in Vol. 1
Sy ) 5 AW36-48
Mar 59  Tube Type D1 ( DB7-5
Nomenclature 4 < DG7=5 3
3 General Operational 11  DP7-5
Recommendations DB7-6
1  Screen Type ‘B’ 2 4 {DG7—6 3
1  Screen Type ‘F’ 7 DP7-6
1  Screen Type ‘G’ 2 BE|77'_11%
1  Screen Type ‘H’ 2 DP7-10
1 Screen Type ‘L’ 7 (DB10-78
éct 58 Screen Type ‘M’ (a3 | Apr 59 < DH10-78 D1-D5
. DP10-78
#  Screen Type ‘P i 65 -
1 Screen Type ‘W’ 1 pr (DI.:13 X -
AF22-10 D1-D3 » T
Aug 59 AL22-10 Z 3 851133_22 5
Aug 59 » c1-C2 DB16-22
1 AF31-10 5 #0Oct 58 < DG16-22 D1-D2
AL31-10  DP16-22
AL13-13 Oct 58 " C1-C3
Apr 59  AL13-36 D1-D2 Oct 58 DG7-31 D1-D2
Apr 59 . C1-C3 Oct 58 C1-C3
(-
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Issue No. Type Pages Issue No. Type Pages
or Date No. or Date No.
Cathode Ray Tubes (excepttelevision [[~ Oct 58 MM13-10 D1-D2
picture tubes—in Vol. 1) Contd. —Oct 58 . C1—C4%,‘(/ O
June 59 DG7—-31/01 D1-D2 s AAug 59 MW13=35 D1-D3
June 59 ”» C1-C3 W-Aug 59 " Cl<C2
| Oct 58 DG7-32 D1-D2 —2 MW22-22 7
~Oct 58 5 c1-C3 ~2 MW36-67 6
~June 59 DG7—32/01 D1-D2 | MW43-67 6
~June 59 ' C1-C3
“Mar 59 DG7-36 D1-D2
M 5 ;
ol ?SZ " S Voltage Stabiliser and Reference ~
I % DG13-10 Level Tubes
=1 DG13-34 5
~ Mar 59 DH3-91 D1-D4 i1 Definitions 1
Mar 59 c1 1 . General Operational 2
? fDlii7—10 Recommendations
1 DP7-10 Jan 59 < Special Quality Tubes—- 3
1 DH7-91 3 General Notes
2 DH10-94 3 Feb 59 M8098 D1-D5
7, [ DH13-76 Wb, B2 c1
, © "\ DN13-76 Feb 59 M8142 D1-D5
A Aug 59 DH13-78 D1-D4 Feb 59 » C1
~ Apr 59 DH13-97 D1-D4 ‘Feb 59 M8190 D1-D4
T *  DHM9-11 Oct 58 M8223 D1-D4
~ Mar 59 DHM10-93 D1-D2 Oct 58 -2
~ July 59, D3-D4 Oct 58 M8224 D1-D4
# MB22-75 D1-D2 || Oct 58 i3 C1-C2
Dec 58 4 ~
\ MF22-75 £ Mg
Eec :g M(’:’13 16 =t 1 A 2
— Pt - b1-D3 1 75C1 4
WpEE w “ Oct 59 83AT1
— 2 MF134 4 e EimcR
~ Aug 59 MF31-55 D1-D2 Oct 59 . c1
- Aug 59 - c1-C2 Apr 59 85A1 2
~Jan 59 MF31-95 D1-D2 3 85A2 3
— Jan 59 i c1-C2 Aug 59 90C1 D1-D2
2 MF41-10 5 Aug 59 5 c1
~ ¥ MG13-11 1 95A1 2 | - 4
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Voltage Stabiliser and Reference ~an 59 EN92 D1-D2
Level Tubes Contd. —jan 59 . c1-C4
2 108C1 2 ~Jan 59 M8204 D1-Dé
— Sept 59  150B2 D1-D2 ||~ Jan 59 5 C1-C4
- Sept 59 " (@ | T3 Z300T 4
/ 1 150B3 2 -1 Z700U 6
2+ 150C3 T+ z701u
; l/1 150C4 2 |[F—Apr 59 Z803U D1-Dé
VApr 59 4687 2 ||—Apr 59 s C1-C3
¢Oct 58 5644 D1-D4 — 1 Z804U 4
(/"Apr 59 7475 2 -3  Z900T 8
?ecade Counter and Indicator {Large Thyratrons and lIgnitrons
ubes
~—1  Cold Cathode Tubes- 1 3 Definitions 2
Type Nomenclature 3 General Operational 7
1 Counter and Selector 3 Recommendations
5 Tubes-Operating Notes 5  XG1-2500 A
A1 ETS1 2 XG2-12 6
2 BT 5 2 XG2-25 6
1 7300C 1 XG2-6400 7
-3 moc 3 : xetsn2 :
!3 ;?8?; 2 XGQ2-6400 3
. 2 XH3-045 2
%‘,’ Z510M 2 XH8-100 2
. 2 XH16-200 2
‘?_mall Thyratrons and Trigger 1 XH25-500 3
ubes
~ % Jan 59 Special Qualit 2 ol o1
e T%yratrons—Ge);eral Oct 59 & Ci=C3
Notes Oct 59 XR1-1600 D1-D3
—2 AN1 4 Oct 59 " c1-C2
~ Apr 59 EN31 D1-D2 Oct 59 XR1-1600A D1-D3
v, 3-4 Oct 59 c1-c2
~—2 EN32 6 2 XR1-3200 4
——Apr 59 EN70 D1-D2 Apr 59  XR1-6400 1-2
~9 o 3-6 2 i 3-4
—3 EN91 6 Mar 59  XR1-6400A D1-D2
()
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~ '
| Large Thyratrons and lgnitrons ‘ 1 MY3-275 ¢
! Contd. 3 MZ2-200 10
Mar 59 XR1-6400A c1-C3 1 QQvo-6 w
% 5551A 2  QQVo03-10 14
% 5552A 2  QQV03-20A 17
* 5553 1 QQV04-15 5
v 582A 4 QQV06-40A 18
2 QQV07-40 6
2 1 QQV5-P10 5
) Power Rectifiers 1 QQZ04-15 5
4  General Operational 7 1 QVoR1d z
Recommendations 1 QV04-7 8
4 RG1-240A 2 Jan 59 QV04-7R B1; ¢4
J RG3-250 D1-D2 2 QV05-25 8
fune 39 RG3-250A 2 QV06-20 12
June 59 ” c1-C3 Aug 59 QV08-100 D1-Dé
6 RG3-1250 5 Aug 59 . C1-C4
2 RG4-1000 2 1 QV1-150A 7
1 RG4-1250 5 ¥ QV12-P10
Jan 59  RG4-3000 D1-D2 1 QV20-P18 6
Jan 59 » Cc1-C2 1 QY3-65 4
4 RR3-250 2 3 QY3-125 18
5 RR3-1250 2 *  QY3-125B
1 RR3-1250A 2 3 QY4-250 23
1 RR3-1250B 2 * QY4-250B
1 RY12-100 3 * QY4-400
* QY4-400B
’7 T itti d Ind ial © CvsOR
{ ransmitting and Industria
/ Heating Valves 2 QY5-3000A 15
. & VileE ; 1 QY5-3000W 2
alve Type
Nemenclatiire Mar 59  QYS50-P40 D1-D3
2 Definitions and i S ” c=d
Interpretation of Data 2 TX12-12W 6
4  General Operational 9 1 TX12-20W 6
Recommendations 2 TY2-125 13
(R
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Transmitting and Industrial /Microwave Devices
Heating Valves Contd. =
- 1 Magnetrons — General 8
1 TY3-250 14 || Operational _
1 TY4-350 6 Recommendations
1 TY4-500 13 ¥ BA3-30
Mar 59 TY5-500 mLps jf v 2 BAR Bi=pi
Mar 59 ., c1-C2 hhn 53 . c1-C3
Oct 58  TY6-800 pi-ps || 4o 87 BAlGAD B
Oct 58 cic2 || ¥ . £1-C3
Nov 58  TY6-5000A D1-D7 1 EC 6
Mo 88 - 125 Aug 59 EC157 D1-D2
1 TY6-5000W 3 B S C1-Cs
1 TY7-6000A 7 ! June 59  JN2-2.5A D1-D5
1 TY7-6000W 3 || A c1-C2
Jan 59 TYS-15A paa (| 2P SRR g
Jan 59 c1-c2 ng 5% C1-C5
Jan 59  TY8-15W D1-D2 Apr 59 JP2-0.2 D1-D4
Jan 59 c1-c2 Apr 59 ., c1-C2
May 59 TY12-15A D1-D5 P31
May 59 . c1-C3 . {jggzgj‘é
Jan 59  TY12-20A D1-D3 || 1P5-04D
Jan 59 -2 Nov 59  JP8-02 D1-D4
Jan 59 TY12-20W D1-D2 Nov 59 c1
Jan 59 CC2 Dec 59  JP9-01 D1-D3
Oct 58 TY12-25A D1-D3 Dec 59 Y C1
Oct 58 ., c1-C4 1 JP9-2.5 4
Oct 58 TY12-25W D1-D2 || (P97
Oct 58 ct > Vroge ’
1 TY12-50A 9 2 IP9_7D 7
1 TY12-50W 10 3 JP9-15 5
1 TYS2-250 5 1 IP9-75 5
2 TYS4-500 6 1 j;g-ggA 6
1 TYS5-1000 4
*  JP9-180
1 TYS5-2000 4 , [ Ip9250 ;
2 TYS5-3000 5 || \ JP9-250A
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Issue No. Type
or Date No.

Microwave Devices Contd.

*  JP16-10
£ JP16-40
*  JP35-30
*  JP35-80
+ JIPG5-01
LJPT5-01
JPG6-01
JPT6-01

IPG8-01
. | IPG8-01B

JPT8-01

JPT8-01B

JPG9-01
JPT9-01

JPG9-02
JPT9-02

1 JPT9-60
*  KB9-2
Dec 59 KB9-150W

. JKS6-1000 and
| KS7-1000 series

N

-

Aug 59  KS7-85
1 KS9-20
1 KS9-20A
* KS9-40
% KS35-50

MARCH 1960 (1)

Pages Issue No. Type Pages
or Date No.
* KS70-40
Dec 59 LA4-2 D1-D3
Mar 59  LA4-250 D1-D3
¥ LA6-3
*  LA6-200
Mar 59 LA9-3 D1-D3
Sept 59 LA16-2 D1-D3
Dec 59 LB4-2 D1-D3
Oct 59 LB4-8 D1-D3
*  LB6-12
1 TDO03-5 3
2 TDO03-10 6
4 1 TDO03-10F 4
1 TDO04-20 5
4 Jan 59 TD1-100A D1-D2
8 Jan 59 - C1-C2
Apr 59 » C3-Cé6
D1-D3 *  TD2-300A
*  TD2-400A
*  TD2-500A
D1-D4
4 Miscellaneous
4 *  EIP-1
*  10G-1
* 10G-2
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CATHODE RAY TUBE TYPE
TUBES NOMENCLATURE

The type nomenclature for Mullard Cathode Ray Tubes consists of two or three
letters followed by two sets of figures. These symbols provide information con-
cerning the method of focusing and deflecting the electron beam, the type of
luminescent screen and the diameter of the screen.

The first letter indicates the method of deflection and focusing:

A — Electrostatic focusing, magnetic deflection.
D — Electrostatic focusing and deflection.
M — Magnetic focusing and deflection.

The second letter indicates the properties of the luminescent screen:

B — Short persistence. Bluish fluorescence.

C — Very short persistence. Blue-violet fluorescence.

F — Very long persistence. Orange fluorescence.

G — Medium persistence. Green fluorescence.

H — Medium persistence. Blue-green fluorescence.

L — Long persistence. Orange fluorescence.

M — Double layer screen. Medium persistence. Blue-green

fluorescence.

P — Double layer screen. Bluish fluorescence of short persistence
followed by greenish-yellow phosphorescence of long
persistence.

W — Medium persistence. White fluorescence.

The third letter:

M — Indicates multiple trace.

The first group of figures, immediately following the letters, indicates the
diameter or diagonal of the luminescent screen in cm:

Thus 7 represents a 7cm (3 in.) Screen.
13 represents a 13cm (5 in.) Scieen.
43 represents a 43cm (17 in.) Screen.
53 represents a 53cm (21 in.) Screen.

The second group of figures is a serial number indicating a particular design or
development.

Examples:
DG7-32. Cathode ray tube of 7cm screen diameter having a medium
persistence green fluorescence, and employing electrostatic
deflection and focusing.

AWS53-88 Cathode ray tube of 53cm screen diagonal having a medium
persistence white fluorescence, and employing magnetic
deflection and electrostatic focusing.

¢ )]
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

The following recommendations should be interpreted in

conjunction with British Standard Code of Practice No. CP1005:

Parts 1 and 2: 1954, *‘ The Use of Electronic Valves’’, upon
which these notes have, in part, been based.

LIMITING VALUES

The operating limits quoted on data sheets for individual tubes should
on no account be exceeded. Two methods of specifying limiting values
are used, the ‘absolute’ and ‘design centre’ systems, and these
should be interpreted as follows:—

Absolute Ratings

The equipment designer must ensure that these ratings are never
exceeded and in arriving at the actual tube operating conditions such
variations as mains fluctuations, component tolerances and switching
surges must be taken into account.

Design Centre Ratings

With a set of nominal valves inserted in an equipment connected to
the highest permitted nominal supply voltage within a given tapping
range, and in which all components have their nominal value, the tube

ratings may at no time exceed the published maximum design centre
value.

The phrase ‘at no time’ in the above paragraph means that increases
in the tube working conditions, due to operating changes in equip-
ment (e.g. a.g.c., switching, etc.) should be taken into account by the
equipment designer. Normally encountered mains voltage variations
(of up to +109,) are allowed for in the tube ratings, provided normal
good practice is followed in the design of the receiver. In television
receiver design, the above definition of design centre ratings applies
when the timebases are synchronised. When the timebases are not
synchronised it is permissible for the final anode voltage of the cathode
ray tube to rise by not more than 109,.

HEATER
Parallel Operation

The heater voltage must be within +79, of the rated value when the
supply voltage is at its nominal rated value, and when a tube having
the published heater characteristics is employed.

This figure is permissible only if the voltage variation is dependent
upon more than one factor. In these circumstances the total tolerance
may be taken as the square root of the sum of the squares of the
individual deviations arising from the effect of the tolerances of the
separate factors, providing no one of these deviations exceeds £59%,.
Should the voltage variation depend on one factor only, the voltage
variation must not exceed +59%,.

(i—1
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

Series Operation

The heater current must be within 59 of the rated value when the
supply voltage is at its nominal rated value, and a tube having the
published heater characteristics is employed.

This figure is permissible only if the current variation is dependent
upon more than one factor. In these circumstances, the total toler-
ance may be taken as the square root of the sum of the squares of the
individual deviations arising from the effects of the tolerances of the
separate factors, providing no one of these deviations exceeds +-3.59;.
Should the total current variation depend upon one factor only, the
current variation must not exceed +3.5%.

When calculating the tolerances of associated components, the ratio
of the change of heater voltage to the change of heater current ina
typical series chain including a cathode ray tube is taken as 1.8, both
deviations being expressed as percentages.

With certain combinations of valves and tube, differences in the
thermal inertia may result in particular heaters being run at exceed-
ingly high temperature during the warming-up period. During this
period, unless otherwise stated in the published data, it is permissible
for the heater voltage of the tube to rise to a maximum value of 509,
in excess of the nominal rated value when using a tube with the
published heater characteristics. A surge limiting device may be
necessary in order to meet this requirement. When measuring the
surge value of heater voltage, it is important to employ a peak reading
device, such as an oscilloscope.

In addition to the tolerances quoted above, fluctuations in the mains
supply voltage not exceeding 109, are permissible. These conditions
are, however, the worst which are acceptable and it is better practice
to maintain the heater as close to its published ratings as is possible,
particularly in television equipment where changes in valve character-
istics can have an appreciable effect upon the picture. Furthermore,
in all types of equipment closer adjustment of heater voltage or
current will react favourably upon valve and tube life and perfor-
mance.

CATHODE

The potential difference between cathode and heater should be as
low as possible and in any case must not exceed the limiting value
given on the data sheets for individual tubes. Operation with the
heater positive with respect to cathode is not recommended. In order
to avoid excessive hum the a.c. component of the heater-to-cathode
voltage should be as low as possible, e.g. less than 20V, , ..

When the heater is in a series chain or earthed, the 50c/s impedance

()
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

between heater and cathode should not exceed 100kQ. If the heater
is supplied from a separate transformer winding the resistance
between heater and cathode must not exceed TMQ.

INTERMEDIATE ELECTRODES (between cathode and final
anode)

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

Grid (Modulator electrode)

Television and Radar Tubes

The value of grid bias must not be allowed to become positive with
respect to the cathode, except during the period immediately after
switching the receiveron or off when it may be allowed to rise to +1V.
The maximum positive grid excursion of the video signal under
normal operating conditions is permitted to reach 2V and at this
voltage the grid current may be expected to be approximately 2mA.

Instrument Tubes
The tube should normally be operated so that the instantaneous grid
voltage is not more positive than -1V.

Grid cut-off voltages

Curves showing the limits of grid cut-off voltage for specific values
of first anode voltage are included in the data for individual tubes.
The brightness control should be arranged so that it can handle any
tube within the limits shown, at the appropriate first anode voltage
(which is measured with respect to cathode).

LUMINESCENT SCREEN

To prevent permanent damage to the screen material, tubes should
not be operated with a stationary or slowly moving spot, except at
low beam current density. It is desirable that the scanning voltages
are applied before cathode current is drawn from the tube.

Some television tubes have the face plate made of grey tinted glass
in order to improve the contrast. The proportion of light transmitted
through these screens is given on the data sheets for individual tubes.
For a clear glass screen, approximately 909/ of the light is transmitted.
Stray light falling upon the screen will result in loss of contrast. If it is
difficult to shade the screen, the use of a suitable filter will improve
the contrast.

Some types of screen material fluoresce under ultra-violet excitation,
and where necessary, should be protected by an appropriate filter.

[C_
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

EXTERNAL CONDUCTIVE COATING

With those tubes having an external conductive coating, the capaci-
tance of this to the final anode may be used to provide smoothing for
the e.h.t. supply, and in all cases it must be earthed.

This coating is not a perfect conductor and in order to reduce
radiation from the line timebase it may be necessary to make two
separate connections to the coating on opposite sides of the bulb.

METAL CONE

Some tubes have a metal cone and where this cone and the glass face
are operated at a high voltage any material in contact with the cone
or the face must have insulating properties adequate for this voltage.
The metal cone must not come in contact with a magnet which would
result in it becoming permanently magnetised. This would cause
picture distortion.

HANDLING

The precautions taken in manufacture reduce the possibility of
spontaneous implosion to a minimum but any additional stress due
to mishandling considerably increases the risk of implosion; such an
implosion may occur immediately or may be delayed. Particular care
should be taken not to scratch any part of the bulb, particularly the
face, as this will appreciably reduce the strength of the glass and may
lead to implosion, often after a delay.

Care should be taken to prevent bumping or striking the rim around
the face of a tube having a metal cone as rough treatment may damage
the glass-to-metal seal.

When a tube is not in its equipment or original packing it should be
placed screen downwards on a soft pad of suitable material free from
abrasive substances. Tubes with relatively small necks and large
bulbs (9 in. diameter and larger) should be handled by the bulb end.
When it is necessary to handle the tube by the neck great care
should be taken to avoid sideways leverage and the bulb should be
supported when possible.

Attention is called to the fact that a high voltage charge may be carried
by the internal conductive coating which is connected to the final
anode connector and also by the external coating if not earthed,
even after a tube has been removed from equipment. Anyone hand-
ling such a tube may receive a shock, which, while generally not
dangerous to the person, might cause an involuntary reaction
resulting in damage to the tube, which might, for example, be
dropped.

()
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

PROTECTIVE SCREEN

The viewing screen of a cathode ray tube should be protected by
means of a screen of transparent material of suitable strength to
withstand implosion of the tube.

MOUNTING

Unless otherwise specified on the data sheets for individual tubes
there are no restrictions on the position of mounting. Circular-faced
all-glass television tubes should be mounted so that the position of
the final anode connector is uppermost and adjustable within 15° of
the vertical. This ensures that any major glass blemishes near the
edge of the screen are behind the mask.

In mounting the tube the main support should be at the end nearer
the screen and so arranged that no stresses are produced in the glass.

The tube socket should not be rigidly mounted but should have
flexible leads and be allowed to move freely. Tubes having all-glass
bases must not be soldered directly into the wiring and the use of a
wiring jig is recommended when soldering connections to the holder.
It is very desirable that tubes should not be exposed to strong
electrostatic and magnetic fields. In the case of electrostatic instru-
ment tubes operating at low anode voltages a close fitting magnetic
shield is generally necessary.

DIMENSIONS

Allowance should be made in the design of the equipment for the
dimensional tolerances of the tube envelope and reliance should not
be placed upon dimensions taken from individual tubes.

REFERENCE LINE

The reference line indicated on the tube outline drawing is deter-
mined by means of a suitable gauge. Drawings of several gauges follow
these general operational recommendations.

X-RADIATION

No maximum permissible dosage rate has yet been accepted as a
British Standard, but from work in progress at the time of printing
it seems likely that a figure of 20mr per 8-hour period when
measured on the outside surface of the equipment housing will be
established.

CORNER CUTTING

Corner cutting, in general, is due to a direct obstruction of the
electron beam after deflection before it reaches the screen and results
in a blacking-out of the picture at the edges of the raster. It may be
avoided by ensuring that:—

(1) the dimensions of the picture do not exceed the published

(@
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

maximum useful screen dimensions and (2) the deflector coil system
is such that the distance of its effective centre of deflection from the
reference line does not exceed the maximum value given in the
outline drawing.

The centre of deflection is positioned such that electrons deflected
from this point in straight lines would reach the screen without being
intercepted by the neck of the tube.

The maximum deflection angle is the angle subtended at the centre of
deflection by the published maximum useful screen diameter, or
diagonal in the case of rectangular tubes. (This should not be confused
with the horizontal deflection angie.)

FOCUSING OF MAGNETIC TUBES
The magnetic field of the focus unit should be axially symmetrical.

The mounting should be such that upon insertion of the tube, the
focus field is coaxial with the neck, and the magnetic centre is in the
recommended position as indicated in the individual tube data.

In general, if the focus unit is moved toward the screen the required
focusing power decreases, the resolution at the centre of the screen
improves, and that at the edge deteriorates. However, with ion-trap
tubes it is strongly recommended that the focus unit should be
positioned as indicated, since this ensures a minimum of interaction
between the magnetic field of the focus unit and the fields of the
deflector coils and ion-trap magnet.

RASTER CENTERING OF MAGNETIC TUBES

To centre the raster on the screen it is recommended that either a
magnetic field just behind the deflector coils be used or a direct
current be passed through the deflector coils. The magnetic field
should (1) lie as much as possible in a plane perpendicular to the axis
of the tube; (2) be adjustable around it; (3) be variable in strength;
(4) be self-magnetised and not depend on stray fields from other
components; (5) extend over as short a length of the neck as possible;
(6) be as uniform as possible over the cross-section of the neck. It is
desirable that the zero shift position be indicated. It is not recom-
mended that the focus field be used to centre the raster.

Unless otherwise specified the centering device should provide a
shift of -39 of the overall length of the tube to allow for non-
centrality of the spot with respect to the geometric centre of the
screen. In addition the centering device should provide the shift
needed to allow for non-centrality of the visible raster (i.e. to com-
pensate for line blanking and also timebase non-linearity, if any).

ION TRAPS
With those tubes which incorporate an ion trap, it is necessary to
provide externally a magnetic field to deflect the electron beam

(@
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CATHODE RAY GENERAL OPERATIONAL
TUBES RECOMMENDATIONS

through the final aperture of the gun towards the luminescent screen.
This magnetic field is normally provided by a permanent magnet
fitted with shaped pole pieces, and an adjustable clamp arranged so
that the whole assembly may be moved along and around the neck
of the tube. The limits of field strength for ion-trap magnet assemblies
given in individual data sheets should be carefully observed. In
particular, low field strength should be avoided and the assembly must
not encroach further up the tube neck than the centre of the grid
plane.

At e.h.t. voltages in excess of 10kV the ion-trap assembly should be
earthed.

Notes on Adjustment of lon-Trap Magnet

An arrow is marked on the magnet assembly so that when looking
along the arrow the north pole is on the right hand side. An electron
beam travelling between the pole pieces, in the direction of the
arrow, will be deflected away from the actual magnet, which is
located on the same side of the assembly as the arrow. Conversely,
when the beam travels through the pole pieces in the direction
opposite to that of the arrow it will be attracted towards the magnet.
Hence there are two possible ways of using an ion-trap magnet to
make the beam negotiate the bend in the gun; with the arrow pointing
towards the screen or towards the base. The following procedure
which has been found to give the better spot size should be adopted
for adjusting the position of the magnet.

(1) (a) With the voltage supplies to the tube switched off and the
base socket removed; slip the magnet assembly over the tube
base with the arrow pointing away from the scireen, and
diametrically opposite the line marked on the neck of the tube.
This line will normally be approximately in line with the
position reserved for Pin No. 3 on the base. Adjust the
assembly so that it is slightly in advance of the tube base.

(b) Fit the socket to the tube. Switch on the voltage supplies and
adjust the brightness control. If necessary, adjust the position
of the ion-trap magnet until a raster is obtained. Ensure that
the picture centering controls are set at zero shift.

(c) Move the magnet assembly along the neck of the tube towards
the screen until the raster brightness begins to decrease.
Then move the magnet back towards the base until the
brightness once more begins to decrease. Return the magnet
to the position of maximum brightness lying between these
two extremes. The magnet should now be rotated slightly to
find the midpoint of the range of rotation which gives
maximum brightness.

ca—
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GENERAL OPERATIONAL CATHODE RAY
RECOMMENDATIONS TUBES

(d) Lock the magnet in position, taking care not to alter its
position.

(2) With the procedure given above more accurate centering of the
beam in the final aperture can be produced if the beam diameter is
increased by underfocusing.

Where there is penetration of the field of the focus unit into the
ion-trap region, an adjustment of the focus control will move the
electron beam in the final aperture. This movement may be
sufficiently large to ‘black out’ the picture. Accurate centering
with an underfocused beam reduces this possibility.

(3) The movement produced by the focusing field, and hence ‘blacking
out’, may also be reduced by the following additional procedure:—

Note the angle between the centre line of the ion-trap
assembly set by the procedure in (1), and the plane which
passes through the bend in the gun of the cathode ray tube.
If this angle is more than 4-10° rotate the magnet in a
direction to reduce the angle and compensate any reduction
in brightness by adjusting the angle between the focus unit
and the tube neck. By successive adjustments, it will be
possible to place the ion-trap magnet in line with the plane
containing the bend of the gun.

ELECTROSTATIC INSTRUMENT TUBES

The e.h.t. line should be earthed, if possible, in order to avoid
instability of traces due to the effects of capacitance and leakage to the
screen. This is particularly important where accurate quantitative
measurements are made on the screen surface of the tube. If, for
other reasons, earthing the e.h.t. positive line is impracticable, as
with post-deflection accelerator tubes, adequate precautions should
be taken to insulate the tube from any earthed object such as the
chassis.

A resistive path must be provided between each deflector plate and
the anode. Its resistance should be as low as possible and must not
exceed the published maximum value. If for any reason higher
values are used some instability of the trace may be expected.

In order to minimise the risk of trapezoidal distortion, tubes should
not normally be used with asymmetrical deflection unless specifically
designed for this purpose. In general the mean deflector plate
potentials should approximate to the final anode voltage in order to
reduce defocusing of the beam to a minimum.

(@
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SCREEN TYPE ‘W’
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CATHODE RAY TUBE
SCREEN TYPE ‘W’
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RADAR TUBE ' AF22-10

Direct viewing radar tube with 9-in. diameter metal-
backed magnesium fluoride screen, magnetic deflection AL22' I 0

and low voltage electrostatic focusing lens.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this

section of the handbook.

HEATER
Suitable for series or parallel operation
2 6.3 \'%
In 300 mA
CAPACITANCES
Cg—all <8.0 pF
Ck—all <8.0 pF
Ca2  ad—M 700 pF
SCREEN
Metal-backed
Fluorescent colour orange with orange afterglow
Useful screen diameter 200 mm
PERSISTENCE
F screen very long
L screen long
See curves included in this section of the handbook for screen types
Fand L.
FOCUSING
Low voltage electrostatic
DEFLECTION

Double magnetic

AUGUST 1959 (1) \v/
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AF22-10
AL22-10

RADAR TUBE

MOUNTING POSITION

Any, except vertical with the screen downwards and the axis of the
tube making an angle of less than 20° with the vertical.

OPERATING CONDITIONS

Va2 a4 12 kV
1Vas (focus electrode) —200 to -+200 \
Va1 300 \
lag -15to +15 uA
Vg for cut-off -30 to -70 \

tWith the small change in focus spot size with variation of focus
voltage the limit of =200 to 4200V is such that an acceptable focus
quality is obtained within this range. If it is required to pass through
the point of focus a voltage of at least =300 to 4300V will be required.

LIMITING VALUES (absolute ratings)

Va2 .as Mmax. 14 kV
Vazva-l min. 8.0 kV
+ Va3 max. 500 \"
—Va3 max. 500 \"
Va1 max. 500 v
Va1 min. 200 Vv
-V¢ max. 200 \
-V min. 1.0 \
Z,  max. (f = 50c¢/s) 500 kQ
Rg-x max. 1.5 MQ
Vh_x max. +150 Y
Rn_x max. See note*

*When the heater is supplied from a separate transformer Ry max.
is 1MQ.
When the heater is in a series chain or earthed Zy max. is 100kQ
where Z, is the 50c/s impedance between earth and cathode.
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RADAR TUBE

AF22-10
AL22-10
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AF22-10
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RADAR TUBE
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RADAR TUBE AF3 I_Io

Direct-viewing radar tube with 12-in. diameter metal- AL3 I ' 0
backed magnesium fluoride screen, magnetic deflection .
and low voltage electrostatic focusing lens.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this
section of the handbook.

HEATER

Suitable for series or parallel operation

vh 6.3 \

II\ 300 mA
CAPACITANCES

Cg all 8.0 pF

Cic—all \/80 PF

Ca2 ad4-M 1200 PF

SCREEN
Metal-backed
Fluorescent colour orange with orange afterglow
Useful screen diameter 265 mm
PERSISTENCE
F screen very long
L screen long
See curves included in this section of the handbook for screen
types Fand L.
FOCUSING
Low voltage electrostatic
DEFLECTION

Double magnetic
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AF31-10 RADAR TUBE
AL3I1-10

MOUNTING POSITION

Any, except vertical with the screen downwards and the axis of the
tube making an angle of less than 20" with the vertical.

OPERATING CONDITIONS

Vaz a4 12 kV
TVas (focus electrode) -200 to -{-200 Vv
Vi 300 \
L -15to }-15 wA
V. for cut-off -30 to -70 \'%

tWith the small change in focus spot size with variation of focus

voltage the limit of —200V to 200V is such that an acceptable focus
quality is obtained within this range. If it is required to pass through
the point of focus a voltage of at least —300V to 300V will be
required.

LIMITING VALUES (absolute ratings)

Va2, a1 Max. 18 kV<—
Va2 a1 min. 8.0 kV
+Vaz max. 500 Vv
=V,3 max. 500 \
Va1 max. 500 \
Va1 min. 200 \
-V, max. 200 A%
-V, min. 1.0 \'%
Z, . max. (f = 50c/s) 500 k(2
Ry x max. 15 MQ
Vi x max. 150 \'
Ru-x max. See note*

*When the heater is supplied from a separate transformer Ry, j max.
is 1.0MQ.

When the heater is in a series chain or earthed, Z, max. is 100k¢(2
where Z, is the 50c/s impedance between earth and cathode.

(@
[Mullard |
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AF31-10

RADAR TUBE
AL31-10
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e ALI3-36
-
Direct viewing radar tube with 5-in. metal-backed

magnesium fluoride screen, magnetic deflection and
low voltage electrostatic focusing.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this
section of the handbook.

HEATER
Suitable for series or parallel operation
Vh 6.3 \%
In 300 mA

CAPACITANCES

Cg-all <8.0 pF
Ck - all <8.0 pF
SCREEN
Metal-backed
Fluorescent colour orange with orange afterglow
Useful screen diameter 108 mm
PERSISTENCE long

See curves preceding this section of the handbook for screen type L

FOCUSING
Low voltage electrostatic

DEFLECTION
Double magnetic

MOUNTING POSITION

Any, except vertical with the screen downward and the axis of the tube
making an angle less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Vi 00V
al
*Va3 (focusing electrode) 200 to 4200 v
las -15 to +15 uA
V¢ (cut off) -30 to -70 \%

*With the small change in focus spot size with variation of focus voltage
the limit of —200 to +200V is such that an acceptable focus quality is
obtained within this range. If it is required to pass through the point of
focus a voltage of at least —300 to 4300V will be required.

()
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AL13-36

RADAR TUEE
LIMITING VALUES (absolute ratings)

Va2 a4 Max. 14 kV
VleJ‘AaI min 8.0 kV
+Vas max. 500 \%
—Va3 max. 500 A
Va1 max. 500 \Y
Va1 min. 200 \%
-V max. 200 \%
-V min. 1.0 \
Vh-x max. +150 \
Zg  max. (f = 50c/s) 500 kQ
Rg_x max. 1.5 MQ

Rp-kx max. See note*

*When the heater is in a series chain, or earthed, Zy max. is 100k(), where
Zy is the 50c/s impedance between earth and the cathode. When the
heater is supplied from a separate transformer Ry i max. is TMQ.

WEIGHT
Tube only

AFRIL 1959 (1) \v/
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RADAR TUBE AL l 3-36
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AL I 3-36 RADAR TUBE
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RADAR TUBE AL I 3'36
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TELEVISION VIEWFINDER
TUBE I -

Direct viewing television tube with 5-in.
diameter metal-backed screen. Having electrostatic focusing and good resolution it is
primarily intended for use as a television camera viewfinder tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
vh 6.3 A%
In 300 mA

Note (applies to series operation only)}—The surge heater voltage must
not exceed 9.5V, <. when the supply is switched on. When used in a
series heater chain a current limiting device may be necessary in the
circuit to ensure that this voltage is not exceeded.

CAPACITANCES
Cg_all <8.0 pF
Cik_all <8.0 pF
SCREEN
Metal-backed
Fluorescent colour ‘White
Useful screen diameter 108 mm
FOCUSING

Low voltage electrostatic.
DEFLECTION
Double magnetic.

MOUNTING POSITION

Any, except vertical with the screen downward and the axis of the tube
making an angle less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Va2 . a4 12 kV
Vai 300

*V,3 (focusing electrode) —-200 to 4200
a3 -15to +15 uA
V, for cut-off -30 to -70 v

*With the small change in focus spot size with variation of focus voltage the
limit of =200 to + 200V is such that an acceptable focus quality is obtained
within this range. If it is required to pass through the point of focus a
voltage of at least =300 to 4300V will be required.

()
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TELEVISION VIEWFINDER
AW 3- TUBE

Direct viewing television tube with 5-in.
diameter metal-backed screen. Having electrostatic focusing and good resolution it is
primarily intended for use as a television camera viewfinder tube.

LIMITING VALUES (absolute ratings)

**Vag . a4 Max. 14 kV
Va2 a1 min. 8.0 kV
+Vaz max. 500 \
—Va3 max. 500 \%
Va1 max. 500 \
Va1 min. 200 \%
-V max. 200 \
*~Vy min. 1.0 \
TVhn_k max. (cathode negative) 125 \
1tVh_k max. (cathode positive) 200 \%
TTvh _xpk max. (cathode positive) 410 \
Z,_x max. (f = 50c/s) 500 kQ
Rg_x max. 1.5 MQ
Rn_k max. See note §
Max. a; supply source impedance 15 MQ

*The d.c. value of grid bias must not be allowed to become positive with

respect to the cathode, except during the period immediately after
switching the equipment on or off when it may be allowed to rise to
+1V. The maximum positive grid excursion of the video signal may reach
2V and at this voltage the grid current may be expected to be approx-
imately 2mA.

**The product of Vus a4 and |y (average value for the whole screen) must
not exceed 6W.

tIn order to avoid excessive hum the a.c. component of Vi i should be
as low as possible (<<20V;.1.s.).

11During a warming-up period not exceeding 45s.

§When the heater is in a series chain, or earthed, Z; max. is 100k, where
Z, is the 50c/s impedance between earth and the cathode. When the
heater is supplied from a separate transformer R, i max. is TMQ.

WEIGHT

Tube alone 500 g
L 11b 20z
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TELEVISION VIEWFINDER
TUBE Wi3.

Direct - viewing television tube with 5-in.
diameter metal-backed screen. Having electrostatic focusing and good resolution
primarily intended for use as a television camera viewfinder tube.
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TELEVISION VIEWFINDER

AW13-36 el

Direct viewing television tube with 5-in.

diameter metal-backed screen. Having electrostatic focusing and good resolution it is
primarily intended for use as a television camera viewfinder tube.
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TELEVISION VIEWFINDER
TUBE AW13-36

Direct viewing television tube with 5-in.
diameter metal-backed screen. Having electrostatic focusing and good resolution it is
primarily intended for use as a television camera viewfinder tube.
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TELEVISION VIEWFINDER
AW13-36 TUBE

Direct viewing television tube with 5-in.
diameter metal-backed screen. Having electrostatic focusing and good resolution it is
primarily intended for use as a television camera viewfinder tube. -
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TELEVISION
MONITOR TUBE Aw I 7-

Direct viewing television tube with 7-in.
diagonal rectangular metal-backed screen.
This tube has electrostatic focusing and magnetic deflection.

PRELIMINARY DATA

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES preceding this
section of the handbook.

HEATER
Suitable for series or parallel operation
Vh 6.3 \
In 300 mA

Note—(applies to series operation only)—The surge heater voltage must
not exceed 9.5Vr.m.s. when the supply is switched on. When used in a
series heater chain a current limiting device may be necessary in the
circuit to ensure that this voltage is not exceeded.

CAPACITANCES
Cg—all <8.0 pF
Ck-all <8.0 pF
Ca2tad—M > 350 pF
SCREEN
Metal-backed
Fluorescent colour white
Useful screen area see drawing on page D3
FOCUSING

Low voltage electrostatic

DEFLECTION
Double magnetic

MOUNTING POSITION

Any, except vertical with the screen downward and the axis of the tube
making an angle less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

VaZ+a4 12 kV
Va1 300 \'
*V,3 (focusing electrode) -200 to 4200 Vv
I ~15to +15 uA
V¢ for cut-off -30 to -80 V.

*With the small change in focus spot size with variation of focus voltage
the limit of -200 to 4200V is such that an acceptable focus quality is
obtained within this range. If it is required to pass through the point of
focus a voltage of at least —300 to + 300V will be required.

[ ]
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MONITOR TUBE AW17-20
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TELEVISION
MONITOR TUBE

AW17-20

AWI7-20 ,' 4743 | 1g0+a 4
EEE ] (uA)
Va2+a4=12kV
]
o .
> | 5
Lo S e
EH P
11
Y |
,’ ,l 60
|
]
] ]
11 1]
EERIT
]
]
’ ' 40
1 | 1
11
1
1
1 |
11
/
I 20
BB
AN
]
y,
/
/ (]
Vg(V) -60 —40 =20 o]

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE

APRIL 1959 (1)

Page Ct



TELEVISION MONITOR TUBE Aw22 l 0
Direct viewing television tube with 9-in. diameter

metal-backed screen, magnetic deflection and low
voltage electrostatic focusing lens. Primarily
intended for use as a television studio monitor tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation
Vi 6.3 \
In 300 mA
Note (applies to series operation only). The surge heater voltage
must not exceed 9.5V. s when the supply is switched on. When
used in a series heater chain a current limiting device may be
necessary in the circuit to ensure that this voltage is not exceeded.
CAPACITANCES
Cg_all <8.0 pF
Ck_all <8.0 pF
Cagiag M 700 pF
SCREEN
Metal-backed
Fluorescent colour white
Useful screen diameter 200 mm
FOCUSING
Low voltage electrostatic
DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except vertical with the screen downward and the axis of the
tube making an angle of less than 20° with the vertical.

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

TYPICAL OPERATING CONDITIONS

Ve w0V
**V:; (focusing electrode) —200 to +200 \
- -15 to +15 A
V; (for cut-off) -30 to -70 \

**With the small change in focus spot size with variation of focus voltage the
limit of =200 to 4200V is such that an acceptable focus quality is obtained
within this range. If it is required to pass through the point of focus a
voltage of at least —300 to -+300V will be required.

(R
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szz I 0 TELEVISON MONITOR TUBE
e Direct viewing television tube with 9-in. diameter
metal-backed screen, magnetic deflection and low

voltage electrostatic focusing lens. Primarily
intended for use as a television studio monitor tube.

LIMITING VALUES (absolute ratings)

Vas.ag Max. 14 kV
Vagiag Min. 8.0 kV
+Va; max. 500 v
—Vaz; max. 500 \
Vi, max. 500 \
Va, min. 200 \'%
*~Vg max. 200 v
-V min. 1.0 v
1Vin_x max. (cathode negative) 125 \%
TTVh_kpx) Max. (cathode positive) 410 Vv
1Vn_x max. (cathode positive) 200 v
Z; x max. (f=50c/s) 500 kQ
Rg_x max. 1.5 MQ
Rh_x max. See note §
Max. 4, supply source impedance 1.5 MQ

*The d.c. value of grid bias must not be allowed to become positive with
respect to the cathode, except during the period immediately after
switching the receiver on or off when it may be allowed to rise to +1V.
The maximum positive grid excursion of the video signal may reach 2V
and at this voltage the grid current may be expected to be approximately
2mA.

$The product of Va, and |; (average value for the whole screen) must not
exceed 6W.

+In order to avoid excessive hum the a.c. component of Vy i should be as
low as possible (<<20Vi.m.s.).

+1During a warming-up period not exceeding 45sec.

§When the heater is in a series chain, or earthed, Zy max. is 100k(2, where
Zy is the 50c/s impedance between earth and the cathode. When the
heater is supplied from a separate transformer Ry_x max. is TMQ.
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TELEVISION MONITOR TUBE szz I o
Direct viewing television tube with 9-in. diameter [

metal-backed screen, magnetic deflection and low
voltage electrostatic focusing lens. Primarily
intended for use as a television studio monitor tube.

228%2 >

200
useful screen diameter

]
5]
‘]

quadag coating

Straight
portion

pprox limits

Covity connector
cT8

L

1
® . |
o Max deflection angle 58° °
< Y Reference line point at which 36mm dio\ " Y

rin is st ;
ing gouge is stopped \ Effective 3
centre of
deflection
—133t0355[+—
dia
|
|
4
BI2ZA Base
2036 All dimensions in mm
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szz I 0 TELEVISION MONITOR TUBE
Direct viewing television tube with 9-in. diameter

metal-backed screen, magnetic deflection and low
voltage electrostatic focusing lens. Primarily
intended for use as a television studio monitor tube.

2031 Iay+ a4
AW22-10 (pA)

550

Vaz+a4=8 to 14kV

500

400

350

Va =500V

400V

~
3oov

300

—~ ]

250

B —
<
T 200v

E—

200

I~~~

150

N~

Vg (V) -60 -40 -20 0

FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE
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TELEVISION MONITOR TUBE

Direct viewing television tube with 9-in. diameter

AW22-10
metal-backed screen, magnetic deflection and low
voltage electrostatic focusing lens.
N

Primarily
intended for use as a television studio monitor tube.
2030 | |Yo
AW22-10 )
NN
[T
Voz+a4=8 to 14kV
500
™
B A 400
L ”*l %‘, ‘ ‘ A %E.
. 3, X % 3
] \
300
N
3 200
100
0
Vg (cut off) (V) -120 -100 -80 -60 -40 -20 0
LIMITS OF GRID CUT-OFF VOLTAGE FOR FIRST ANODE VOLTAGES FROM

200 to 500V

()
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Aw22 I 0 TELEVISION MONITOR TUBE
Direct viewing television tube with 9-in. diameter

metal-backed screen, magnetic deflection and low
voltage electrostatic focusing lens. Primarily
intended for use as a television studio monitor tube.
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OSCILLOSCOPE TUBES

Direct viewing oscilloscope tubes with 23 in. dia-
meter screen. Intended for symmetrical deflection.

DB7-5
DG7-5
DP7-5

HEATER

Suitable for parallel operation only.
Vi
|h

CAPACITANCES
Cg_all
Cx’_all (x” earthed)
Cx”_all (x earthed)
Cy’_all (v” earthed)
Cy”_all (v’ earthed)
Cx'x”_all
Cy'y”_an
Cx'x_y'y”

SCREEN

Fluorescent colour :—
DB7-5
DG7-5
DP7-5

Persistence :—
DB7-5
DG7-5
DP7-5

FOCUSING Electrostatic

DEFLECTION Double electrostatic

w

oo
w

3

> <

oA LO
oo wwitnn
o
hual

blue
green
blue with green afterglow

short
medium
long

Both x and y plates are suitable for symmetrical operation.

It is recommended that a, be earthed.

MOUNTING POSITION

Any

These tubes should not be supported by the base alone.

TYPICAL OPERATING CONDITIONS

V:Lg
Vaq

P
g

lay
lay
Sx

Sy
** Line width

800 %
200 to 300 \
0 to-50 \

0 to 205 uA <«
0 to 500 uA
0.16 mm/V

0.25 mm/V<—
0.7 mm

*In no circumstances must the grid be allowed to become positive

with respect to the cathode.

** Measured on a circle of 50mm. diameter with I —=0.5uA

Mullard
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DB 7_5 OSCILLOSCOPE TUBES

Direct viewi illoscope tub ith 23 in. dia-
DG7-5 eensureen. innded i spmmenicsl dapecto:
DP 7-5

DEFLECTION SENSITIVITY LIMITS

Sk 0.13t00.19 mm/V
Sy 0.21t00.28 mm/V

LIMITING VALUES (Design centre ratings)

Vg, max. 1.0 kV
Va, min. 800 \%
Va, max. 400 \%
—Vg max. 100 \%
Vx/_x” (pk) Max. 750 \'
Vy'_y” (pk) Max. 450 \"
PtavyMmax. 3.0 mW/cm?
Ry_as Max. 5.0 MQ
Ry_as max. 5.0 MQ
Rg_k max. 500 kQ

Pin 5

Orientation of axes of deflection
as viewed from screen end.

SR = 67t07 =

I
u
o

— 139 to 145 —

B9G Base

% 3k A

All dimensions in mm

(@
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OSCILLOSCOPE TUBES DB 7_5

Direct viewing oscilloscope tubes with 23 in. diameter DG 7 5

screen. Intended for symmetrical deflection.

|
2337 I
DB7-5 |
DG7-5 (1A)
DP7-5
[ TT
Vgp =800V
500
/
1 1
Tt |
/
400
/
/
/
300
/
/
a4 200
4 /f
y 4
7
/ 7
7
l/ /1/
/‘/I /'/ I‘ r
> 100
v -
4
A //
& A
7 = -
L~ 1] T
T
=S °
vg(V) -30 -20 -10 o

FIRST AND SECOND ANODE AND SCREEN CURRENTS PLOTTED
AGAINST GRID VOLTAGE

Mullard
ISSUE 4 DB/G/P7-5 356-3







OSCILLOSCOPE TUBES

DB7-6

Direct viewing oscilloscope tubes with 22 in. diameter DG7 6
-

screen. Intended for asymmetrical deflection.

DP7-6

HEATER

Suitable for parallel operation only

CAPACITANCES

SCREEN

Vh
| h

Cgiall
Cx’_all (x” earthed)
7 %

x"—all (x earthed)
Cy’_all (y” earthed,)
Cy”_all (y” earthed,
Cx’x”_all
Cy’y”_all

'

Cx’s” 'y

Fluorescent colour:—

DB7-6
DG7-6
DP7-6

Persistence:—

FOCUSING

DEFLECTION

DB7-6
DG7-6
DP7-6

Electrostatic

Double electrostatic

®w

oo
w

3

> <

oA NO
NOoOOWwUL
o
-

blue
green
blue with green afterglow

short
medium
long

x plates suitable for asymmetrical operation

y plates suitable for symmetrical operation

Plate x’ must be connected to a, and it is recommended that a,
be earthed.

MOUNTING POSITION
These tubes should not be supported by the base alone.

TYPICAL OPERATING CONDITIONS

Sy
*# Line width

Any

800 \
200 to 300 \
0 to -50 \
0 to 205 uA<

0 to 500 A
0.16 mm/V

0.25 mm/V<-
0.7 mm

* In no circumstances must the grid be allowed to become positive
with respect to the cathode.

** Measured on a circle of 50 mm. diameter with [;—=0.50A

ISSUE 4
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DB7-6
DG7-6
DP7-6

OSCILLOSCOPE TUBES

Direct viewing oscilloscope tubes with 2% in. diameter
screen. Intended for asymmetrical deflection.

DEFLECTION SENSITIVITY LIMITS <~
S« 0.13t00.19 mm/V
Sy 0.21t00.28 mm'V
LIMITING VALUES (Design centre ratings)
Vap max. 1.0 kV
Va, min. 800 \%
Va, max. 400 \
-V, max. 100 \"
Vx'_x” (pk) Max. 750 \%
Vy'_y” (pky Max. 450 \
Pt (av) Max. 3.0 mW/cm?2
Rx_as mMax. 5.0 MQ
Ry_as max. 5.0 MQ
Rg_x max. 500 kQ
Pin 5

Orientation of axes of deflection
as viewed from screen end.

SR

67 to 71 ——

|

139 to 145 ——

—— 160 max ——

max

All dimensions in mm

Mullard
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OSCILLOSCOPE TUBES DB 7_6
Direct viewing oscilloscope tubes with 22 in. diameter DG 7_6

screen. Intended for asymmetrical deflection.

T
DB7-6 2337 1
DG7-6 (A
DP7-6
[T
Vop =800V
500
/
T/
L |
i \
‘ 1
400
/
/
/ ] 300
/
/
Top /1 200
¢ 1
P
7
— //
P4
7
Iy
V ».
% 100
v LA 11
HEE 7 A
=
7 | [ 4
L+ —t1
| - } J////’/—’
i | o
Va (V) -30 -20 -10 o

FIRST AND SECOND ANODE AND SCREEN CURRENTS PLOTTED
AGAINST GRID VOLTAGE

()
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DB 10-78

OSCILLOSCOPE TUBE DHI10-78

DP 10-78
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USEFUL SCAN PLOTTED AGAINST RATIO OF V,5 to Vaitas
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DB 10-78
DHI10-78
DP 10-78

OSCILLOSCOPE TUBE

Sensitivity HiO-
(mm/V) 5067 DHIO-78
16
2
\
\
N
08 =
K ¥y
h N
N
o
~
0-4 N N
x'-x"
—~
—
0
o [ 2 Vai +a3 (kV)

SENSITIVITY PLOTTED AGAINST FIRST AND THIRD ANODE VOLTAGE
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DB 10-78

OSCILLOSCOPE TUBE DHI10-78

DP 10-78
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DB 10-78
DHI10-78
DP 10-78

OSCILLOSCOPE TUBE
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DB 10-78
DHI10-78
DP 10-78

OSCILLOSCOPE TUBE

B H screen 4648
(%)
100
30
10
\
A\
‘
3
N
I\
| \‘
N
N
N
N~
--~~
0:3
Ol
(o] 200 400 600 tps)
PERSISTENCE CHARACTERISTIC CURVE FOR TYPE “H” LUMINESCENT
SCREEN
i =0 O
[Mullard]

APRIL 1959(1) P, Page C5






OSCILLOSCOPE TUBE DB |0_78

Direct viewing oscilloscope tube with 4-in.

ln Tl DHI10-78
DP 10-78

The only difference between the DB10-78, DH10-78 and DP10-78 is in the
screen properties (see appropriate section of data).

PRELIMINARY DATA

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES preceding this
section of the handbook.

HEATER
Suitable for parallel operation only, a.c. or d.c.
Vi 6.3 \
In 300 mA
CAPACITANCES
Cg-all 5.0 pF
Ck—all 3.4 pF
Cx’—all (x” earthed) 45 pF
Cx”—all (x’ earthed) 4.5 pF
Cy’—all (y" earthed) 3.5 pF
Cy”—all (y’ earthed) 3:5 pF
Cx'—x” 2.1 pF
Cy'—y” 17 pF
SCREEN
DB10-78 DH10-78 DP10-78
Fluorescent colour blue  *blue/green blue with green afterglow
Persistence short medium long

Minimum useful scan from the centre of the tube face
Vas = Vai+as Vas = 2Vaita3 Vas = 4Vaiia3
X'x? 90 : 920 75 mm
=y 75 K 65 55 mm
This useful scan can be shifted with respect to the geometric centre of
the face plate by 3mm max.

FOCUSING

Electrostatic

DEFLECTION
Double electrostatic
Both x and y plates are intended for symmetrical deflection. For optimum

focus the average potentials of the deflection plates and aj+as should be
equal.

(SRR

[Mullard]|
APRIL 1959 (1) S Page D1




DB 10-78
DHI0-78
DP 10-78

OSCILLOSCOPE TUBE

Deviation of linearity of deflection.

The sensitivity (for both x’—x” and y’-y” plate pairs separately) for a
deflection of less than 759, of the useful scan will not differ from the sensi-
tivity for a deflection of 259, of the useful scan by more than 29%,.

Pattern distortion

With a raster pattern the size of which is adjusted so that the widest points
of the pattern just touch the sides of a square 51mm on a side, no point on
these pattern sides will lie within an inscribed square 49mm on a side.

Angle between x and y deflection 90244°

Inter-plate shield (as)

The fourth anode forms an electrostatic shield between the x and y plates,
and is connected to the low potential end of the helix The inter-plate
shield voltage and the average potential of the deflection plates should
be equal. Variation of the inter-plate shield voltage serves to correct
pincushion and barrel pattern distortion.

HELIX RESISTANCE

Minimum post deflection acceleration
helix resistance 50 MQ

MOUNTING POSITION Any

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

TYPICAL OPERATING CONDITIONS

Vis 2.0 4.0 4.0 kV
Vea 2.0 2.0 1.0 kv
Vai+a3 2.0 2.0 1.0 kv
Vas 400 to 700 400 to 700 200 to 350 v
Vg —45 to -75 45 to -75 -22.5 to -37.5 v
5, 0.26 0.2 03 mm\V
5 0.63 0.55 0.93 mm/V
*#Line width 0.45 0.35 045 mm

*In no circumstances must the d.c. value of the grid bias be allowed to
become positive with respect to the cathode.

**Measured on a circle of 50mm diameter with Iy = 0.5:A.

ey
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DB 10-78

OSCILLOSCOPE TUBE

DHI10-78

DP 10-78

DEFLECTION SENSITIVITY LIMITS

Without acceleration With acceleration
(vaS o Vul+a3) (Va.s s 2val+a3) (va5 = 4Va1+a.3)
460 to 580 360 to 460 260 to 330
Sx 0 —— s tages LLRaN mm/V
Va1+a3 Vai+a3 Vai+as
1140 to 1380 1000 to 1200 840 to 1020
Sy mm/VY
Va1+83 Vai+a3 Va1+as
EQUIPMENT DESIGN RANGE
Focusing voltage (Va2) 200 to 350V per kV of
accelerator voltage (Vai+as)
Grid cut-off voltage -22.5 to -37.5V per kV of
accelerator voitage (Vai+a3)
Deflection factor
Vas = Vaitas (X=X 1.72 to 2.17V/mm per kV of
accelerator voltage (Vai+as)
y'-y”) 0.72 to 0.89V/mm per kV of
accelerator voltage (Vai+as)
Vas = 2Va14as (X-X7) 2.17 to 2.78V/mm per kV of
accelerator voltage (Vai+as)
(y'-y”) 0.83 to 1.00V/mm per kV of
accelerator voltage (Va1+a3)
Vas = 4Vattas (X'=Xx” 3.03 to 3.85V/mm per kV of
accelerator voltage (Vai+as)
(y'=y”) 0.98 to 1.19V/mm per kV of
accelerator voltage (Vai+as)
Grid to cathode circuit resistance (Rg-1) 1:5 MQ
Deflection plate resistance 5.0 MQ
Focusing anode current (l2) -30 to +15 uA
TR
[Mullard|
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DB 10-78
DHI10-78
DP 10-78

OSCILLOSCOPE TUBE

LIMITING VALUES (design centre ratings)

Va5 max. 8.0 kV
Vas min. 1.5 134
Vas max. 22 kV
Vai+a3 max. 2.0 kv
Va1+a3z min. 1.0 kv
Vaa max. 1.5 kV
Vg max. 200 v
+ Vg max. 0 Y
+ Vg(pk) Max. 9 X
Vx-al+ad(pk) Max. 500 v
Vy-al+a3(pk) MaX. 500 Y
Pal+a3 Max. 6.0 w
Pt(av) Max. 3.0 mW/cm?
Vh-x max. - 180 N
Max. ratio of Vas/Va1+as 4.0
WEIGHT Tube alone { 11b 6762 05_

CIRCUIT NOTES FOR DH10-78

1.  With the post accelerator voltage (Vas5) of 2.6kV and the accelerator
voltage (Vai+a3) of 1.1kV, the ratio of Va5/Vai+az = 2.36. From page C1
it can be seen that the useful scan is:

x'=x” = 90mm
y'=y” = 63mm

2. Without post acceleration and with Vaiias = 1.1kV, the sensitivity for
x’=x” = 0.485mm/V and for y’-y” = 1.15mm/V.

3. Due to the influence of post acceleration, a correction factor on the sen-
sitivities is necessary. With V,5/Vai1ia3 = 2.36 the correction factor
is 0.73 for x’-x” and 0.84 for y’~y”. The sensitivity with post acceleration
therefore becomes:

x'-x” = 0.73 x 0.485 = 0.354mm/V
y-y” = 0.84x1.15 = 0.966mm/V

Thus at Va5 = 2.6kV and Vaiiaz = 1.1kV the following values can be
found with reference to pages C1 and C2:

The useful scan x’-x” = 90mm
y'-y” = 63mm
The sensitivity x'=x” = 0.354mm/V

y'-y” = 0.966mm/V

)]
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DB 10-78
OSCILLOSCOPE TUBE DH10-78
DP 10-78
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OSCILLOSCOPE TUBES DBI 3_2
Direct viewing oscilloscope tubes with 5-in. diameter
screen. These tubes are fitted with a post-deflection DG |3-2

accelerator. D P I 3 .2

HEATER
Suitable for parallel operation only.
Vi 6.3 \
In 300 mA
CAPACITANCES
Cg_all 4.6 PF
Ck_all 6.0 pF
Cx’_all (x” earthed) 5.5 pF
Cx”_all (x” earthed) 5.5 pF
Cy’_all (y” earthed) 4.7 PF
Cy”_all (y” earthed, 4.7 PF
Cx'_x” 2.5 pF
Cy'_y” 1.9 pF
Cx’/x"_y'y" 0.2 pF
Coiox sy cw™ 0.15 pF
Cko(x"+x"4y+"4+v") 0.35 pF
Fluorescent colour—
DB13-2 blue
DG13-2 green
DP13-2 blue with green afterglow
Persistence—
DB13-2 short
DG13-2 medium
DP13-2 long
FOCUSING Electrostatic
DEFLECTION Double electrostatic

Both x and y plates are suitable for symmetrical deflection
only.

For optimum spot quality the mean deflector plate«
potential should be the same as a,+a, potential.

()
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DB|3_2 OSCILLOSCOPE TUBES

DG I 3 2 Direct viewing oscilloscope tubes with 5-in. diameter
-

screen. These tubes are fitted with a post-deflection

DP I 3 _2 accelerator.

W
MOUNTING POSITION Any
These tubes should not be supported by the base alone.
TYPICAL OPERATING CONDITIONS
Without With
acceleration acceleration
Va, 2.0 4.0 kV
Vayas 2.0 2.0 kV_
Vaz 400 to 720 400 to 720 v \
h A 4
*Vg -45 to-100 —-45 to -100 \%
lay as 0to1.6 0to1.6 mA
las -15 to +10 -15 to +10 uA
Sx 0.37 to 0.45 0.29 to 0.37 mm/V<
Sy 0.43 to 0.51 0.34 t0 0.42 mm/V<-
**Line width 0.4 0.3 mm
*In no circumstances must the grid be allowed to become positive
with respect to the cathode.
*#*Measured on a circle of 50mm diameter with I;=0.5,A.
LIMITING VALUES (Design centre ratings)
Vas 50 kv
Vayia; Max. 2.5 kV
Paisaz Max. 4.0 w
Va, max. 1.0 kV
-V max. 150 v
Vx’/_x”(pk) MaX. 450 \%
Vy/_y”(pk) Max. 450 \'%
Ptiav) Max. 3.0 mW/cm?
Rx_az max. 5.0 MQ
Rya3 thax. ' 5.0 MQ
Rg_x max. 15 MQ
Vh_x max. 125 Vé__
A 4
()
[Mullard]
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OSCILLOSCOPE TUBES DBI3-2

Direct viewing oscilloscope tubes with 5-in. diameter DG |3 2
-

screen. These tubes are fitted with a post-deflection

accelerator. DP I 3 -2

= 1310135 —

: |

— s
Recessed ball o~ |
connector CT7 ‘ |
|

o

+1

w
| N

1 <

Orientation of axes of deflection *
as viewed from screen end

B14A (Diheptal) Base

2335

All dimensions in mm

()
[Mullard]
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D B | 3_2 OSCILLOSCOPE TUBES

DG |3 2 Direct viewing oscilloscope tubes with 5-in. diameter
-
screen. These tubes are fitted with a post-deflection
DP I 3 _2 accelerator.
2332 | | Tt
DBI3-2
DGI3-2 ] [y
DPI3-2
[T T | [
Vag=2todkV /
Vaj+a3=2kV /
80
L
60
/
A
i/
/
/
/
/i 40
)4
P
/
/
20
A
2
pd
v
|
1 [o)
Vg (v)  -60 -40 -20 [

SCREEN CURRENT PLOTTED AGAINST GRID VOLTAGE

(@
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OSCILLOSCOPE TUBES

Direct viewing oscilloscope tubes with 5-in. diameter
screen. These tubes are fitted with a post-deflection

DBI3-2
DGI13-2

accelerator. DPI 3 2
-
DBI13-2 2333 Iuwa;:l
DGI3-2 (pA)
DPI3-2
LTI
Vag=2to4kV
Voj+a3=2kV
2000
A
500
7
/
/
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e
1000
,/
/
p4
Y
V
500
)
r//
~
]
1 o
vai(v)  -60 -40 -20 o

FIRST AND THIRD ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE
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INSTRUMENT TUBE DB |6_22

Direct viewing instrument tube with a rectangular screen

having an area of 5% in. x 1% in. This tube is intended for DG I 6-22

radar or oscilloscope applications particularly where its

shape provides a considerable saving of space compared DP I 6_22

with a circular tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS - CATHODE RAY TUBES included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation
Vi 6.3 \
In 300 mA

Note - (applies to series operation only). The surge heater voltage must
not exceed 9.5Vr.m.s. when the supply is switched on. When used in a
series heater chain a current limiting device may be necessary in the
circuit to ensure that this voltage is not exceeded.

CAPACITANCES
Cg_all <10 pF
Cx’_all (x// earthed) <20 pF
cx’_an (x_ earthed) <20 pF
Cy'_all (_\‘” earthed) <16 PF
Cy”_all (v  earthed) <16 pF
Cxl_y/ 3.0 pF
cx’_y” 3.0 pF
S 3.0 pF
Egr 5" 3.0 pF
SCREEN
Fluorescent colour:-
DB16-22 blue
DG16-22 green
DP16-22 blue with green afterglow
Persistence :~
DB16-22 short
DG16-22 medium
DP16-22 long
FOCUSING

Electrostatic

DEFLECTION

Double electrostatic.
Both x and y plates are suitable for symmetrical or asymmetrical
deflection.
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DB 16-22 INSTRUMENT TUBE

Direct viewing instrument tube with a rectangular screen

DG I 6.22 having an area of 54 in. x 1% in. This tube is intended for

radar or oscilloscope applications particularly where its

DP I 6_22 shape provides a considerable saving of space compared

with a circular tube.

MOUNTING POSITION Any

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

TYPICAL OPERATING CONDITIONS

Vas 5.0 kV
Vas 600 to 700 \
Var 18 kv
*V, -25 to =70 v
S« 0.19mm/V
Sy 0.21mm/V

*In no circumstances must the grid be allowed to become positive
with respect to the cathode.

DEFLECTION SENSITIVITY LIMITS

S, 850 t0 1000  mm/V
Va:i

S, 900 t0 1100 m )y
Vn3

LIMITING VALUES (absolute ratings)

*Vyu3 max. 6.0 kV
Vae max. 14 kV
Va1 max. 2.5 kV

-V max. 150 Vv
I max. 300 wA
Rg_k max. 1.5 MQ
Vh_x max. +150 v

*For optimum focus quality the potential between the screen and
a3 must not exceed 10V.

Note - Viewed from the screen end with the major axis of the
screen horizontal and pins 9 and 10 on the base uppermost, a
positive voltage on x’ will deflect the spot to the left and a positive
voltage on y’ will deflect the spot upwards.

The horizontal deflection will be within 2° of the centre line through
the screen. The angle between the x and y deflection will be 88~
to 92°
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INSTRUMENT TUBE DB |6_22

Direct viewing instrument tube with a rectangular screen

having an area of 5% in. x 1% in. This tube is intended for DG l 6-22

radar or oscilloscope applications particularly where its

shape provides a considerable saving of space compared DP I 6_22

with a circular tube.
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DB 16-22 INSTRUMENT TUBE

Direct viewing instrument tube with a rectangular screen

DG I 6-22 having an area of 54 in. x 1% in. This tube is intended for

radar or oscilloscope applications particularly where its

D P I 6_22 shape provides a considerable saving of space compared

with a circular tube.
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INSTRUMENT TUBE DB 16-22

Direct viewing instrument tube with rectangular screen
having an area of 5% in. x 1% in. This tube is intended for DG I 6-22
radar or oscilloscope applications particularly where its

shape provides a considerable saving of space compared D P I 6_22

with a circular tube.
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OSCILLOSCOPE TUBE DG7 3 I
=

Direct viewing low voltage oscilloscope tube with
3-in. diameter screen.

67-71

Y

lu

70t2

I50R

153-159

172 max

Pin9 ‘
90°t10° |

te— 38 max —>

Orientation of axes of deflection
as viewed from screen end

L]
a|ta3
9

k hoh BI2A Base

All dimensions in mm
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DG7 3 I OSCILLOSCOPE TUBE
L]
Direct viewing low voltage oscilloscope tube with

3-in. diameter screen.
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OSCILLOSCOPE TUBE DG7 3 I
-

Direct viewing low voltage oscilloscope tube with
3-in. diameter screen.
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OSCILLOSCOPE TUBE DG7 3 I
L]

Direct viewing low voltage oscilloscope tube with
3-in. diameter screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS - CATHODE RAY TUBES included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
Vi 6.3 \
In 300 mA
CAPACITANCES
Cg—all PF
Ck all pF

Cx’—all (x” earthed)
Cx”—all (x’ earthed)
Cy’—all (y” earthed)
Cy”—all (y’ earthed)
Cx’—x*
f—

SCREEN
Fluorescent colour green
Persistence medium

_AApPNWWWN
LSounrmobhio
o
o

FOCUSING
Electrostatic

DEFLECTION
Double electrostatic
x plates suitable for asymmetrical operation
y plates suitable for symmetrical operation

Plate x” must be connected to a;+aj and it is recommended that a; be
earthed.

MOUNTING POSITION Any
This tube should not be supported by the base alene.
The socket should under no circumstances be used to support the tube.

TYPICAL OPERATING CONDITIONS

Vai.a3 500 \%
Vae 0 to 120 \%
Vg ~50 to-100 Y
las -15to+10 vA
Sy 0.39mm/V
Sx 0.27mm/V
**|ine width 0.5 mm

*In no circumstances must the grid be allowed to become positive, with
respect to the cathode.

**Measured on a circle of 50mm diameter with Va,,3=500V and
li=0.5uA.

A transparent conductive coating connected to a;tas is present
between the glass and fluorescent layer. This makes possible applications of
the tube with aj--as at high potential with respect to earth without the
raster being distorted if the faceplate is touched.

(@R
[Mullard]
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DG7 3 I OSCILLOSCOPE TUBE
-

Direct viewing low voltage oscilloscope tube with
3-in. diameter screen.

DEFLECTION SENSITIVITY LIMITS
120 to 150 mm/V

Sx Vald‘ a3

s 175 to 215 mm/V
¥ Val‘a"i

LIMITING VALUES (design centre ratings)

Vai_ a3 Max. 800 v
Val.az min. 400 Vv
Pal,az Max. 500 mW
Va2 max. 200 \
-V max. 160 \'
Vx’—x” (pk) MaX. 750 V
Vy’—y* (pk) Max. 450 \
Pt v, Max. 3.0 mW/cm?
Ryx—xa max. 5.0 MQ
Ry a3 max. 5.0 MQ
Rg—x max. 500 kQ
Vh-x max. 125 \%
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OSCILLOSCOPE TUBE DG7_3 l /0 |

Direct viewing low voltage oscilloscope
tube with 3-in. diameter screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES. which precede this
section of the handbook.

HEATER

Suitable for series or parallel operation

Vh 6.3 \
In 300 mA
CAPACITANCES
Cg—all 7.6 pF
Ck—all 3.2 pF
Cx’—all (earthed) 3.4 PF
Cx~—all (x’ earthed,) 3.0 pF
Cy’—all (y” earthed) 2.5 PF
Cy~—all (v’ earthed) 2.5 pF
Cx’mx” 1.8 pF
Cy'—y" 1.1 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING
Electrostatic
DEFLECTION
Double electrostatic
x plates suitable for asymmetrical deflection
y plates suitable for symmetrical operation
Plate x” must be connected to a;+ag and it is recommended
that ay be earthed
MOUNTING POSITION Any

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

(@)
[Mullard]
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DG7'3 I /0 I OSCILLOSCOPE TUBE

OPERATING CONDITIONS

Vai.az 500 v
Vas 0 to 120 v
*Vg -50 to -100 \'
laz -15 to +10 uA
Sy 0.48 mm/V
Sx 0.27 mm/V
tLine width 0.5 mm

“In no circumstances must the grid be allowed to become positive, with
respect to the cathode.

tMeasured on a circle of 50mm diameter with Va1 443 — 500V and I; =0.5u.A.

A transparent conductive coating connected toa;|aj is present between
the glass and fluorescent layer. This makes possible applications of the
tube with a;+ag at high potential with respect to earth without the raster
being distorted if the faceplate is touched.

DEFLECTION SENSITIVITY LIMITS
120 to 150

sx Val.m:} mm/v
Sy .2—1%%:2,—65 mm/V
LIMITING VALUES (design centre ratings)
Va1 a3 max. 800 v
Val a3 min. 400 A"
Pal a3 Max. 500 mW
Va2 max. 200 \'
-V, max. 160 Vv
Vy’—x” (pk) Max. 750 4
Vy’—y* (pk) MaXx. 450 v
Ptay) Max. 3.0 mW/em?2
Ryx—a3 max. 5.0 MQ
Ry—as max. 5.0 MQ
Rg-x max. 500 kQ
Vi-x Max. 125 A\
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OSCILLOSCOPE TUBE DG7'3 I /0 I
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1883 All dimensions in mm
[Mullard]
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DG7-31/01

OSCILLOSCOPE TUBE
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OSCILLOSCOPE TUBE DG7'3 I /0 I
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OSCILLOSCOPE TUBE DG7 32
Direct viewing low voltage oscilloscope tube with =

3-in. diameter screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation
Vi 6.3 \Y
In 300 mA
CAPACITANCES
Cg—all 7.6 pF<—
Ck-all 3.2 pF<
Cx’—all (x” earthed) 37 pF
Cx”-all (x’ earthed) 3.0 pF<
Cy’—all (y” earthed, 2.5 pF<—
Cy”—all (y earthed) 2.5 pFé'
Cx/x? 1.7 pF<—
Cyr g 1.0 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING

Electrostatic

DEFLECTION

Double electrostatic
Both x and y plates are intended for symmetrical deflection

MOUNTING POSITION Any

This tube should not be supported by the base alone. The socket should
under no circumstances be used to support the tube.
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DG7-32

OSCILLOSCOPE TUBE
Direct viewing low voltage oscilloscope tube with
3-in. diameter screen.

TYPICAL OPERATING

Vai+a3
Va2

SX
TLine width

CONDITIONS

500 Y

0 to 120 \

-50 to =100 \Y

-15to +10 wA

0.39mm/V
0.27mm/V<—

0.5 mm

*In no circumstances must the grid be allowed to become positive, with
respect to the cathode.

tMeasured on a circle of 50mm diameter with Va1 a3 = 500V and Iy = 0.5pA.

A transparent conductive coating connected to aj.ag is present between
the glass and fluorescent layer. This makes possible applications of the
tube with a;.a3 at high potential with respect to earth without the raster
being distorted if the faceplate is touched.

DEFLECTION SENSITIVITY LIMITS

LIMITING VALUES (design centre ratings)

Val+a3 Max.
Vai+az Min.
Pa1+a3 MaX.
Va2 max.
-Vg max.

Vx’'—x” (pk) MaX.
Vy'—y” (pk) Max.

Pt(av, Max.
Rx-a3 max.
Ry_ag max.
Rg 1k max.
Vh_k max.

OCTOBER 1958 (1)

120 to 150

Viros mm/V_
175 to 215
——— mm/V

Va1.a3

800 \
400 v
500 mW
200 \
160 \"
750 \
450 \"
3.0 mW/cm?
5.0 MQ
5.0 MQ
500 kQ
125 v
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OSCILLOSCOPE TUBE DG7 32
Direct viewing low voltage oscilloscope tube with -

3-in. diameter screen.
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DG7 32 OSCILLOSCOPE TUBE
Direct viewing low voltage oscilloscope tube with

3-in. diameter screen.
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OSCILLOSCOPE TUBE DG7 32
Direct viewing low voltage oscilloscope tube with =

3-in. diameter screen.
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OSCILLOSCOPE TUBE DG7_32/0 I

Direct viewing low voltage oscilloscope
tube with 3-in. diameter screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, which precede this
section of the handbook.

HEATER
Suitable for series or parallel operation
Vi 6.3 \%
I 300 mA
CAPACITANCES
Cg—all 7.6 PF
Cic—all 32 pF
Cx’—all (x” earthed) 3.7 pF
Cx”-all (x’ earthed) 3.0 pF
Cy’—all ¢y~ earthed; 25 pF
Cy”—all (v’ earthed) 2.5 pF
Ciglegh 1.7 pF
Cyr—y~ 1.0 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING
Electrostatic
DEFLECTION
Double electrostatic
Both x and y plates are intended for symmetrical deflection
MOUNTING POSITION Any

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

Page D1
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DG7-32/01

OSCILLOSCOPE TUBE

OPERATING CONDITIONS

Vai.a3
Vaz
*Vg
la2
Sy
S.‘(
tLine width

500 \

0 to 120 v
-50 to =100 \
-15 to +10 uA
0.48 mm/V

0.27 mm/V

0.5 mm

*In no circumstances must the grid be allowed to become positive, with

respect to the cathode.

tMeasured on a circle of 50mm diameter with Vy1.43 = 500V and |y = 0.5pA.

A transparent conductive coating connected to a;.as is present between
the glass and fluorescent layer. This makes possible applications of the
tube with a;;as at high potential with respect to earth without the raster

being distorted if the faceplate is touche

DEFLECTION SENSITIVITY LIMITS
Sx

Sy

LIMITING VALUES (design centre ratings)

Val La3 Max.
Va1 .az min.
Pa1 a3 Max.
Va2 max.
-Vg max.
Vx’'—x* (pk) Max.
Vy’—y” (pk) Max.
Ptav, Max.
Ry a3 max.
Ry a3 max.
Rg -k max.
Vh-k max.

d.

JUNE 1959 (1)

120 to 150 mm/V
Va1 a3 ‘
215 to 265 mm/V
val +a3 '
800 v
400 \
500 mwW
200 \
160 Vv
750 Vv
450 \%

3.0 mW/cm?
5.0 MQ
5.0 MQ
500 kQ
125 \%
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OSCILLOSCOPE TUBE DG7'32/0 I
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DG7-32/0}

OSCILLOSCOPE TUBE

6133 DG7-32/01 ‘ Tai4q3
[Tl |
Va d to
give sharp focus
|
: 4
|
|
i
/
3
7
/
/
/
/ | 2
\ H
o
" Ly .
s $is
£ “ /o
&/ ¥
/
| Vi :
/.
/
/
W
/ rd
/1A
7
A
—T1 | T L+ o
Vg(v) —125 -100 -75 -50 -25 o
FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE
[Mullard ]
JUNE 1959 (1) S Page C2



OSCILLOSCOPE TUBE DG7'32/0 I
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OSCILLOSCOPE TUBE DG7 36
Direct viewing high sensitivity oscilloscope tube -

with 3-in. flat face screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, preceding this
section of the handbook.

HEATER
Suitable for parallel operation only
Vh 6.3 v
In 300 mA
CAPACITANCES
Cg all 57+1.0 pF
Ck-all 3.3+0.8 pF
Cx’-all (x” earthed) 6.0+-1.0 pF
Cx”-all (x’ earthed) 6.0+1.0 pF
Cy’-all (y” earthed) 47+1.0 PF
Cy7-all (v’ earthed) 4.7 +1.0 PF
Cx'-x” 1.9+0.5 pF
Cy'y~ 1.7+0.5 pF
SCREEN
Fluorescent colour green
Persistence medium
Minimum useful scan from the centre of the tube face (y'-y”)+28.5 mm
Minimum useful scan from the centre of the tube face (x'-x") 434 mm
FOCUSING

Electrostatic

DEFLECTION
Double electrostatic
Both x and y plates are for symmetrical operation.
For optimum focus the average potentials of the deflection plates and
a; +ag should be equal.

Pattern distortion
The length of the edges of a raster whose mean dimensions are less than
759, of the useful scan will not deviate from these mean dimensions by
more than 2.59%,.

Deviation of linearity of deflection
The sensitivity (for both x’-x” and y’~y” plate pairs separately) for deflec-
tion of less than 759, of the uesful scan will not differ from the sensitivity
of a deflection of 259, of the useful scan by more than +29,.
Angle between x and y deflection 90°-+10°

MOUNTING POSITION Any

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

()

[Mullard]
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DG7"36 OSCILLOSCOPE TUBE

TYPICAL OPERATING CONDITIONS

Vat a3 1.5 kV
Vao 247 to 397 \
*Vg —-40 to -80 \"
lao -15to + 10 uA
S« 0.37mm/V
S, 0.54mm/V
“*Line width 04 mm

*In no circumstances must the d.c. value of the grid bias be allowed to
become positive with respect to the cathode.

**Measured on a circle of 50mm diameter with | = 0.5uA.

DEFLECTION SENSITIVITY

495 to 615
x - \%
5 Vai+a3 mm/
s, 73\.‘; to 885 mi¥
al+a3

EQUIPMENT DESIGN RANGE
Focusing voltage (Vaz) 165 to 265V per kV of final anode voltage
Grid cut-off voltage (V) -27 to =53V per kV of final anode voltage
Deflection factor (y y-) 11.2 to 13.7V/cm per kV of final anode voltage
Deflection factor (x' x») 16.2 to 20V/cm per kV of final anode voltage

LIMITING VALUES (design centre ratings)

Va1 az max. 2.5 kV
Valiaz min. 1.0 KV
Pa1+a3 Max. 6.0 W
Va2 max. 1.0 Y
-Vg max. 200 \Y
Vg(pk) Max. 2.0 \
Pt(av) Max. 3.0 mW/cm2
tRx al+az max. 50 MO
TR)fal‘a‘s max. 50 MQ
Rg x max. 15 MO
Vh k max. 180 v
Yal+a3-x(pk) each P|3t3 500 vV
Val+a3—y(pk) €ach plate 500 \Y

tlt is recommended that the deflector plate resistances should be approxi-
mately equal.
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OSCILLOSCOPE TUBE DG7"36
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DG7-36 OSCILLOSCOPE TUBE
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OSCILLOSCOPE TUBE DG7-36
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OSCILLOSCOPE TUBE DG I 3 34
Direct-viewing oscilloscope tube with 5-in. flat face -

screen. This tube is fitted with a post-deflection
accelerator.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, which precede this
section of the handbook.

HEATER
Suitable for parallel operation only
Vh 63 V
In 600 mA
CAPACITANCES
Cg_all <79 PF
Ck a1l <5.8 pF
Cx’_all(x”earthed) <6.1 pF
Cx”_all(x’earthed) <6.1 pF
Cy’_all(y”earthed) =5.0 pF
Cy”_all(y’earthed) #5.0 PF
Cx'_x~ <341 pF
Cy'_y” 1.3 pF
SCREEN
Fluorescent colour green
Persistence medium
Minimum useful scan from the centre of the tube face
(y'-y”)4-54 mm
Minimum useful scan from the centre of the tube face
(x"-x") +54 mm
FOCUSING
Electrostatic
DEFLECTION

Double electrostatic

Both x and y plates are intended for symmetrical deflection.
For optimum focus the average potentials of the deflection plates
and a; f-ag should be equal.

Deviation of linearity of deflection
The sensitivity (for both x’-x” and y’-y” plate pairs separately) for
a deflection of less than 75%, of the useful scan will not differ from
the sensitivity for a deflection of 259, of the useful scan by more
than 29

Pattern distortion

With a raster pattern the size of which is adjusted so that the
widest points of the pattern just touch the sides of a square 3.075 in.
on a side, no point on these pattern sides will lie within an inscribed
square 2.925 in. on a side.

Angle between x and y deflection 90°4-1°

MOUNTING POSITION Any
This tube should not be supported by the base alone.
The socket should under no circumstances be used to support the
tube.

()
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DG I 3-34 OSCILLOSCOPE TUBE

OPERATING CONDITIONS

Va4 3.0 kV
Vai_ a3 1.5 kV
**Vao 345 to 515 \
*Vg -34 to -56 \
las -15 to +10 uA
Sz 0.57 mm/V
Sy 0.76 mm/V

*In no circumstances must the d.c. value of the grid bias be allowed
to become positive with respect to the cathode.

At 759, of Vg4 cut-off value.

DEFLECTION SENSITIVITY LIMITS

Without acceleration With acceleration
(Vaa = Va1 a3) (Vas = 2Va1,a3)
S« 965 to 1170 765 to 950 mm/V
Vivalnvafi —VZIT
Sy 1245 to 1560 1020 to 1260 mm/V
Val..a3 Va1+33

EQUIPMENT DESIGN RANGE

Focus voltage (Vaz) 200 to 345V per kV of accelerator
voltage (Va1 .a3)
Grid cut-off voltage -22.7 to -37.5V per kV of acceler-
ator voltage (Va1 a3)
*Deflection factor (y" -y”) 6.4 to 7.9V /cm per kV of acceler-
ator voltage (Va1,a3)
*Deflection factor (x" —x") 8.5 to 10.4V/cm per kV of acceler-

, ator voltage (Vai.as)
>F\/214 — val+a:3

LIMITING VALUES (absolute ratings)

Vaa max. 6.6 kV
Vaq min. 1.5 kV
Vai.ag Max. 2.85 kV
Vaia3z mMin. 1.5 kV
Vae max. 1.1 kV
-V max. 200 \
Vx/_x"(pk) Max. 550 \
Vy’_y”(pk) Max. 550 Vv
Rx_a3 max. 5.0 MQ
Ry a3 max. 5.0 MQ
Rg_ k max. 1.5 MQ
Viu_x max. (cathode positive) 180 \%
Max. ratio of Vas/Vai. a3 2.3
WEIGHT /840

g
1 1lb 140z
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OSCILLOSCOPE TUBE

DGI3-34
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OSCILLOSCOPE TUBE

DGI3-34
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DG I 3'34 OSCILLOSCOPE TUBE
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OSCILLOSCOPE TUBE DH3 9 l
; — . -
Direct viewing low voltage oscilloscope

tube with 1-in. diameter screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, preceding this
section of the handbook.

HEATER
Suitable for parallel operation only
Vi 6.3 \
Ih 550 mA
CAPACITANCES
Cg-ull 48 to 7.7 pF
Cx’—all 48 to 7.2 pF
Cx”-all 48t07.2 pF
Cy’-all 2.3 to 4.7 pF
Cx’ —x” 0.5t0 1.5 pF
Cx”—y” <0.3 pF
Cx’' -y’ <0.3 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING
Electrostatic (self-focusing)
DEFLECTION
Double electrostatic
x plates suitable for symmetrical operation
y plates only for asymmetrical operation
For optimum focus, with symmetrical operation, the average
potential of the x plates and a;+a3}y” should be equal. With
asymmetrical operation, the potential on any one deflection plate
should not differ from Vai+aziy~ by more than the deflection voltage.
MOUNTING POSITION Any

This tube may be supported by the base alone but care must be
taken to minimise the effects of sudden acceleration and shock.
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DH3-9 I OSCILLOSCOPE TUBE

TYPICAL OPERATING CONDITIONS

V;\l +a34-y” 500 Vv
*Vg -8 to =27 \
Sx 019 mm/V
Sy 0.22 mm/V
tLine width 0.6 mm

*In no circumstances must the grid be allowed to become positive.

tMeasured on a line of 30mm length with Viiia3:y- = 500V at an
intensity of 0.001cd.

DEFLECTION SENSITIVITY LIMITS

Sx 65 to 125 mm/V
Valv:\:i»,\”

Sy 75 to 145 mm/V
Vaitas+y”

With the tube magnetically shielded, an undeflected spot will lie
within 2.0mm of the screen centre.

LIMITING VALUES

Val+ag+y” Max. 1.0 kV
Val-u:JA.\"' min. 350 \"
-V max. 100 \
-V min. 1.0 v
Pt(av.) max. 2.0 mW/cm?2
Rx al+a3+y” Max. 5.0 MQ
R}"fiil"ﬂ:}*y” max. 5.0 MQ
Rg_x max. 1.0 MQ
Vh-k(pk) Max. +250 \"
WEIGHT (approx.) {3?4 £
()
[Mullard]
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OSCILLOSCOPE TUBE DH 3'9 I

CIRCUIT NOTES FOR DH3-91
In view of the simplicity of the operating requirements no additional
supplies may be required when the tube is incorporated in some equip-
ment. An arrangement suitable for use in such a case is shown in Fig. 1.
Fixed bias is provided by the cathode resistor R3 which may be by-passed
if necessary by a 0.5uF capacitor. Although tubes may not be identical in
respect of their ‘brightness-grid voltage’ characteristic this method of
auto-bias produces almost constant brilliance in changing from tube to tube.

y deflection

| T 5886

x deflection

C3=m <R3
O5uF > See graph
_ below
o— - —0
Fig. 1
Ralseer] | [ [oH3=s]]
| | [ |
| } ‘ ;
i | |
looot——mF——— . - NOR—
| I
11
|
|
| 1
N |
| 7001t e - I ——t———
‘ i
i |
| |
700 900 Vp(V)|
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DH3'9 I OSCILLOSCOPE TUBE

ht- o

y amplifier

ht -o

Owing to the presence of a transparent conducting film connected to
anode between the screen of the tube and the glass, the tube may be
operated with its cathode at earth potential without any oscillogram
distortion when an earthed body is brought near the screen.

Depending on the individual application, the simple arrangement shown
may be unsuitable for a variety of reasons. Two of the commonest draw-
backs, with suggestions for overcoming them, are:

1. If various patterns are to be displayed on the same tube it is probable
that different beam currents will be required to produce the same
brightness on each oscillogram. A modified variable brilliance control
can be provided merely by using a variable cathode bias resistor.
Alternatively, if it is required to ‘black-out’ the trace a combination
of tube current and bleed can be used. In either case it is desirable to
incorporate a limiting resistor in order to prevent excessive beam
current being drawn.

2. Since the deflector plates are essentially at h.t. potential it is not
normally possible to incorporate d.c. coupling to them. Should this
be required it is necessary to run the tube anode at the mean
potential of the deflector plates, which usually involves tapping the
anode across the h.t. supply. If there is no point from which the d.c.
signal can be taken which allows the necessary minimum h.t. to be
obtained, it is recommended that a negative supply be utilised. This
may already be incorporated in the apparatus.

Note—If it is required to run the y plate only from a d.c. signal the anode
tap can be used as a centring device.

Fig. 2 shows the two modifications listed above. In it the y plates are shown
d.c. connected and the x plates a.c. connected. No x shift network is
included. V1 is the actual working voltage of the tube.

Cl
1 e —u——/{
OlpF

x deflection

o

OluF

o

C
R7
M0

*RVI and R2 are
chosen such that
the mean value
of V2=0V.

Fig.2

5885
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DH3-91

OSCILLOSCOPE TUBE
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OSCILLOSCOPE TUBE DH7 9 I
Direct viewing high sensitivity oscilloscope -

tube with 23-in. diameter screen.

PRELIMINARY DATA

HEATER
Suitable for parallel operation only.
Vi 6.3 \
Iy 550 mA
CAPACITANCES
Cg_all 5.6to07.6 pF
Ck_all 2.3to 3.1 pF
Cx’_all (x” earthed) 43to7.3 pF
Cx”_all (x’ earthed, 43t07.3 pF
Cy’_all (y” earthed) 2.8to0 4.2 pF
Cy” _all (y’ earthed) 2.8to 4.2 pF
Cx’_x” 14 to 2.6 pF
22t0 3.0 pF
” <0.33 pF
1.6 pF
1.6 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING
Electrostatic
DEFLECTION

Double electrostatic

Both x and y plates are suitable for symmetrical or asymmetrical
operation.

For optimum focus, with symmetrical operation, the average
pctentials of the deflection plates and a;4-a3 should be equal. With
asymmetrical operation, the potential on any one deflection plate
should not differ from V,;..3 by more than the deflection voltage.

Pattern distortion

The length of the edges of a raster pattern whose mean dimensions
are less than 729, of the useful scan will not deviate from these
mean dimensions by more than 3.5%, in the case of asymmetrical
operation, or 2.5%, in the case of symmetrical operation.

Angle between x and y deflection 90°4-2.0

MOUNTING POSITION Any

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

ISSUE 1 N DH7-91 7571




DH7 9 I OSCILLOSCOPE TUBE
- Direct viewing high sensitivity oscilloscope

tube with 22-in. diameter screen.

TYPICAL OPERATING CONDITIONS

Viteas 1.0 kv
Vas 210 to 320 \'%
WV 228 to —65 v
$laa -50 uA
Sx 0.5 mm/V
s, 0.87 mm/V
*#|ine width 0.6 mm

*In no circumstances must the grid be allowed to become positive.

**Measured on a circle of 40mm diameter with Vy; .43 — 10kV and
It = 1.0uA.

tWith V,» set for focus and Vg = -1.0V

DEFLECTION SENSITIVITY LIMITS

Sx 410 to 610 mm/V
Valia3

Sy 685 to 1050 mm/V
vul +a3

With the tube magnetically shielded an undeflected spot will lie
within 5.0mm of the screen centre.

LIMITING VALUES (absolute ratings)

Va1.az max. 1.5 KV
Vﬂl“qg min. 700 \%
Pa(totypk MaX. 2.0 W
Va2 max. 500 \
Va1ias~Va2 max. 1.2 kV
-V max. 200 \%
=V min. 1.0 \
Ptav., Max. 3.0 mW/cm?
Symmetrical Asymmetrical
Rx_a1iaz Max. 4.0 2.0 MQ
Ry_u1.:a3 Max. 4.0 2.0 MQ
Rg_ max. 1.0 MQ
WEIGHT 128 g
{ 4.5 oz
()
[Mullard |
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OSCILLOSCOPE TUBE DH7 9 I
Direct viewing high sensitivity oscilloscope -

tube with 22-in. diameter screen.
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All dimensions in mm

ISSUE 1 \v/ DH7-91 757-3






OSCILLOSCOPE TUBE DH I 0 94
Direct viewing oscilloscope tube with 4-in. flat-face -

screen. This tube is fitted with a post deflection
accelerator, and has side connections to the x

and y plates.
HEATER
Suitable for parallel operation only

Vn 6.3 A%
In 550 mA

CAPACITANCES
Cg_all 38to 5.6 pF
Ck_all 3.2to0 4.8 pF
Cx’_all (x” earthed) 2.9 to 4.4 PF
Cx”_all (x’earthed) 29to 4.4 pF
Cy’_all (y” earthed) 241036 pF
Cy~_all (y’ earthed) 2.4t03.6 PF
Cx’_x” 12to1.8 pF
Cy'_y” 1.3t0 1.9 pF
Cb g ylivy# <041 pF
Cx’ix"_gik <041 pF
Cy'iy ~gik <0.1 pF

SCREEN
Fluorescent colour green
Persistence medium

FOCUSING
Electrostatic

DEFLECTION

Double electrostatic
Both x and y plates are for symmetrical operation.
For optimum focus, the average potentials of the deflection plates
should not differ from Va3 by more than 50V.
Pattern distortion
The length of the edges of a raster pattern whose mean dimen-
sions are less than 659, of the useful scan will not deviate from
these mean dimensions by more than 2.5%, providing Va4/Vasz* 2.
Angle between x and y deflection 90°4-1.5°

MOUNTING POSITION Any
This tube should not be supported by the base alone. The socket
should under no circumstances be used to support the tube.

TYPICAL OPERATING CONDITIONS

Va4 4.0 kV
Vas 2.0 kv
Vas 460 to 530 \"
Va1 2.0 kV
Vg -28 to -60 A
*Vx'_a3 220 to 340 Vv
Tlaz -50 A
Sx 0.27 mm/V
Sy 0.435 mm/V

*Beam trapping voltage. In order to obviate the necessity for pulsing
the grid when displaying pulse or single stroke phenomena, a
beam trap is provided on the x” plate. When a positive voltage of
suitable magnitude is applied to the x” plate, the beam is contained
on that plate, and a state of minimum brilliance exists.

TWith Vg3 set for focus, and at Vg = -1.0V

DH10-94 758-1
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DH I 0 94 OSCILLOSCOPE TUBE
- Direct viewing oscilloscope tube with 4-in. flat-face

screen. This tube is fitted with a post deflection
accelerator, and has side connections to the x
and y plates.

LINE WIDTH (measured under d.c. conditions)

Vas 4.0 kV
Va3 2.0 3%
Va2 adjusted for focus
Va1 2.0 kV
Vg value corresponding to 0.05candelas
Writing speed 0.6 km/s<—
Repetition period 10 ms<—
Distance from screen centre (any direction) 0 mm
Line resolution (min.) 30 lines/cm<—
DEFLECTION SENSITIVITY
Without acceleration With acceleration
(Vag = Vas) (Vas = 2Va3)

s 600 480 to 625 W

* Vas Va3 mmy
S 1000 790 to 985 v

v Vas Va3 mmj

With Va3 = Va3, an undeflected spot will lie within 8.0mm of the
screen centre.

LIMITING VALUES

Va4 max, 10 kV
Vag min. 1.0 kV
Va3 max. 5.0 kV
Vag max. 1.5 kV
Va1 max. 5.0 kV
Va4_a3 Max. 5.0 kV
Patot, Max. 3.0 w
-V max. 200 \
-Vg min. 1.0 M
Vx_z3 max. 1.0 kV
Vy_a3 max. 1.0 kV
Ptav.) Max. 3.0 mW/cm*
Rx_ a3 max. 5.0 MQ
Ry_ag max. 5.0 MQ
Rg_x max. 1.0 MQ
Vh_k(pk) Max. 250 \Y

Max. ratio of Vas/Vas for full screen x deflection 2.0
WEIGHT 560 g
20 oz
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OSCILLOSCOPE TUBE

Direct viewing oscilloscope tube with 4-in. flat-face
screen. This tube is fitted with a post deflection
accelerator, and has side connections to the x
and y plates.
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OSCILLOSCOPE TUBE DH I 3 78
Direct viewing oscilloscope tube with 5-in. flat face -

metal-backed screen, helical post-deflection accelera-
tor, and side connections to the x and y plates. Intended for applications where high
sensitivity, high writing speed and low pattern distortion are required.

PRELIMINARY DATA

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this
section of the handbook.

HEATER
Suitable for parallel operation only, a.c. or d.c.

Vn 6.3 \"
In 300 mA

CAPACITANCES
Cg—-all 6.0 pF
Ck—all 3:5 pF
Cy’—all (v* earthed) 2.8 pF
Cy~—all (v’ earthed) 2.8 pF
Cx’-all (x" earthed) 3.0 pF
Cx”-all (x’ earthed) 3.0 pF
Cy'—y~ 155 pF
Cx’'—x" 2.0 PF

SCREEN
Fluorescent colour blue-green
Persistence medium
Minimum useful screen diameter 108 mm
Minimum useful scan (Vo = 6Va1,a3)

x'=x" 100 mm
y'=y” 40 mm

The midpoint of the useful scan will be within 3mm of the geometric
centre of the faceplate with Vag = 6Vja1 a3,

FOCUSING
Electrostatic

DEFLECTION

Double electrostatic. E
Both x and y plates are intended for symmetrical deflection.

Deviation of linearity of deflection
The sensitivity (for both x’-x” and y’-y” plate pairs separately)
for a deflection of less than 759, of the useful scan will not differ
from the sensitivity for a deflection of 259, by more than 29%,.

Pattern distortion
With a raster pattern the size of which is adjusted so that the
widest points of the pattern just touch the sides of a rectangle
40mm x100mm, no point of these pattern sides will be within a
rectangle 38.8mm x 97mm, the rectangle being piaced concentrically.

e
(Mullard]
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DH l 3-78 OSCILLOSCOPE TUBE

Angle between x and y deflection 90°4-1°

Isolation screen (a;)
In general the voltage on a5 and the average voltage on the deflection
plates should be equal. Adjustment of Vu; up to a maximum of
+10% of the a;+as potential serves to correct pincushion and
barrel pattern distortion. This screen is also internally connected
to the lower end of the helical post deflection accelerator.

Deflection plate screen (az)
In general the voltages on a4 and a;4-ag and the average voltage on
the deflection plates should be equal. Variation of Vs up to a
maximum of +5% of a;+ag potential serves to correct pincushion
and barrel pattern distortion.

Deflection plates x’-x” and y’-y”

In general the average voltage on the deflection plates and the
voltage on aj-+as should be equal. To provide some measure of
astigmatism control it may be desirable to apply a small potential
difference between the x plates and a;+-ag.

A low impedance deflection voltage source is desirable, as if the
tube is fully deflected the deflection plates will intercept part of
the electron beam near the edge of scan.

Spot position
With the tube shielded the undeflected spot will lie within a
radius of 5Smm from the geometric centre of the tube face.

HELICAL RESISTANCE
Minimum post deflection acceleration helix resistance 300 MQ

MOUNTING POSITION Any
This tube should not be supported by the base alone. The socket should
under no circumstances be used to support the tube,

OPERATING CONDITIONS

Vas 10 12 kY
Vas 1.67 2.0 kv
Vas 1.67 2.0 kY
Va1,as8 1.67 20 kY
Va2 180 to 590 220 to 710 v
Vg for visual cut-off -50 to -80 -60 to -96 Y
Sy 1.32t0 1.78 1.08 to 1.47mm/V
Sx 0.3 to0.36 0.25 to 0.3 mm/V
LINE WIDTH
o, "o ¥
Va1 o
lsg = 05 uA
*Line width 04 mm

¥Measured on a circle of 30mm diameter.

i
[Mullard |
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OSCILLOSCOPE TUBE DH I 3-78

EQUIPMENT DESIGN RANGE

Focusing voltage (Va2) 110 to 355V per kV of accelerator voltage
ll+l3)

Grid cut-off voltage (Vg) -30 to 48V per kV of accelerator voltage
.1+.a)

Deflection factor
Y'=y” (Vas = 6Va1,s3) 3.4 to 4.6V/cm per kV of accelerator voltage
21488)

x'=x" (Vag = 6V;1+.a) 16.7 to 20V/cm per kV of accelerator voltage
I1+l8)

Focus elect..rode current (lag) 15 to 4+10pA

LIMITING VALUES (design centre ratings)

Vae max. 12 kV
Vae min. 6.0 kV
Va5 max. 21 kV
Va4 max. 22 kY
Va14a3 2.0 kV

Max. ratio of Vag/Va1,as 6.0
Va2 max. 1.5 kV
-Vg max. 200 v
+Vg max. 0 ¥
~+Vgpk) Max. 2.0 v
Vx-a14a3(pk) Max. 500 v
Vy-al4a3(pk) Max. 500 \"
Pal4a3 Max. 6.0 w
Ptav) Max. 3.0 mW/cm?
Vp-x max. (cathode negative) 125 N
Vi-x max. (cathode positive) 200 \'

WEIGHT
910 g
Tube alone £V e
G - )
[Mullard]
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D H I 3-78 OSCILLOSCOPE TUBE
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OSCILLOSCOPE TUBE I !
Direct viewing precision oscilloscope tube with 5-in. D H 3-97

diameter flat screen. This tube is fitted with two
stages of distributed post deflection acceleration
and the deflection plates are brought out to side connections.

PRELIMINARY DATA

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES preceding this
section of the handbook.

HEATER
Suitable for parallel operation only.
Vn 6.3 Y%
In 550 mA
CAPACITANCES
Cg-an 7.4 pF
Ck—all 4.1 pF
Cx’—all (x* earthed) 3.6 pF
Cx"-all (x’ earthed) 3.6 pF
Cy’—all (y” earthed) 1.6 pF
Cy~-all (y’ earthed) 1.7 pF
Cx’—x” 23 pF
Cy'—y” 1.7 pF
Cx’+x"—y'+y” <0.1 pF
Cx'+x"—g+k <0.1 pF
Cy’'+y"—g+k x <0.1 pF
SCREEN
Fluorescent colour blue/green
Persistence medium
*Minimum useful scan from the centre of tube face (x'-x”) +47.5 mm
*Minimum useful scan from the centre of tube face (y’-y”) +30 mm

*With Vas/Vas = 5.5, Vaa/Vas = 2.2

FOCUSING
Electrostatic

DEFLECTION
Double electrostatic
x plates are suitable for symmetrical operation only
y plates are suitable for both symmetrical and asymmetrical operation.

Menmaseil)

[Mullard]
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DH I 3-97 OSCILLOSCOPE TUBE

Vertical deflection, defocusing and linearity may be a little worse with
asymmetrical operation.

Pattern distortion and deviation of linearity of deflection.

Compared with a normal post deflector accelerator the use of a distributed
system enables much greater p.d.a. ratios to be used, with a consequent
gain in sensitivity before serious pattern distortion occurs.

With V,5/Vas = 5.5, Vaa/Vaz = 2.2 and the mean potential of the x and
y plates being equal to the potential of a3, the interplate screen and the
external conductive coating, the following figures apply:

(a3) A nominally rectangular raster may be inserted into the frame
bounded by the rectangles 76.5mm x 45.9mm and 73.5mm x 44.1mm
i.e. maximum total pattern distortion is 29,.

(b) With the spot undeflected in the y direction the difference in
deflection sensitivity at 259, useful x scan and at 759, useful x scan
is less than 2%,. With the spot undeflected in the x direction the
difference in deflection sensitivity at 259, useful y scan and at 759,
useful y scan is less than 29, i.e. maximum non linearity of
deflection is 29%,.

Angle between x and y deflection 90+1.5°

MOUNTING POSITION Any

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

TYPICAL OPERATING CONDITIONS

Vas 10 kV
Vaa 4.0 kV
Tvaa 1.8 kV
Va2 440 to 560 \'4
Va1 14 kV
Vg for cut-off —45 to -90 v
*Grid drive 20 \'4
las 25 uA
**ag -100 ©A
Sx 0.38 mm/V
Sy 08 mm/V

*For intensity of 0.45cd
**With Vag set for focus and Vg = -1.0V
finter-plate screen (i.p.s.) connected to as.

=
[Mullard |
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OSCILLOSCOPE TUBE D H I 3"97

DEFLECTION SENSITIVITY LIMITS

Sx 0.33 to 0.43 mm/V
Sy 0.7 to 0.89 mm/V

The sensitivities vary inversely with Vas provided that the p.d.a. ratios
remain constant.

LIMITING VALUES (absolute ratings)

Va5 max. 12 kV
Vas min. 6.0 kV
Vas max. 55 kV
Va3 max. * 2.0 kV
Vas max. 750 v
Va1 max. 15 kV
Vas—Vas max. 8.0 kV
Vas—Vaz max. 3.5 kV
Va3=Vaz max. 2.2 kV
Va2=Va1 max. 15 kV
-Vg max. 200 v
-Vg min. 1.0 v
Pal+a3 Max. 2.0 w
Vx-a3 mMax. 500 - v
Vy-a3 max. 500 v
Pt(av.) Max. 5.0 mW/cm2
Rx-ag max, 5.0 MQ
Ry-a3 max. 5.0 MQ
Rg-x max. 1.0 MQ
ras-a3 min. 80 MQ
Vh-k(pk) Max. 250 v

Max. ratio of Vu5/Vas (for scan size of

60mm x 95mm Vaa/Vas = 2.2) 5.5
WEIGHT { 1.25 kg
44 oz
(e
[Mullard|
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DH I 3-97 OSCILLOSCOPE TUBE
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DUAL TRACE OSCILLOSCOPE
TUBE DHMI10-93

Direct viewing dual trace oscilloscope tube
with 4-in. flat-face screen, and independent y
signal deflections. This tube is fitted with a post
deflection accelerator and has side connections to the x and y plates.

PRELIMINARY DATA

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES preceding this
section of the handbook.

HEATER
Suitable for parallel operation only
Vh 6.3 \"
In 550 mA
CAPACITANCES
Cg-all 4.2 to 5.9 pF
Ci-all 3.5t0 4.9 pF
Cx’—all (x” earthed) 2.7 to 3.8 pF
Cx”-all (x’ earthed) 2.7 t0 3.8 pF
Cy’-all (y* earthed) 2.5t0 3.8 pF
Cy~-all (v’ earthed) 2.5t0 3.8 pF
Cx’x” 1.4 t0 2.0 pF
Cyr_y” <0.1 pF
Cy’-x’+x" <0.1 pF
Cy”—x'+x* <0.1 pF
SCREEN
Fluorescent colour green
Persistence medium
FOCUSING
Electrostatic
DEFLECTION

Double electrostatic
The x plates are intended for symmetrical deflection only. The
y plates may be used for asymmetrical deflection only, since the
two plates are separated by a common beam dividing plate intern-
ally connected to as.

Pattern distortion

The length of the edges of a raster pattern whose mean dimensions
are less than 659, of the useful scan will not deviate from these
mean dimensions by more than 2.5%, providing Vaa/Va3> 2.

Angle between x and y deflection 90°4-1.5°
Angle between the two y deflections < 1.0°
MOUNTING POSITION Any

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

=)
[Mullard|
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DUAL TRACE OSCILLOSCOPE
DHMI0-9 TUBE

TYPICAL OPERATING CONDITIONS

Vaa 3.0 kY
Va3 1.5 kV
*Vag 320 to 420 \Y
Va1 1.5 kV
Ve —40 to -95 \'%
**Vy a3 170 to 290 \'%
Haz 0 to 200 A
Sx 27 Y/em
Sy’ 27 V/em
Sy~ 27 V/em

*For focus with Vg set for light intensity of 0.1cd. To accommodate
a wide range of Vg settings it is recommended that the available
range of Va2 should be 150 to 450V with Vg; = Va3 = 1.5kV,
Vag = 3kV.

**Beam trapping voltage. In order to obviate the necessity for pulsing
the grid when displaying pulse or single stroke phenomena, a beam
trap is provided on the x’ plate. When a positive voltage of suitable
magnitude is applied to the x’ plate, the beam is contained on that
plate, and a state of minimum brilliance exists.

1+With V,. set for focus, and at Vg = -1.0V.

RESOLUTION (measured under d.c. conditions)

Va4 3.0 kV
Vas 1.5 3%
Va2 adjusted for focus
Va1 1.5 kV
Ve Value corresponding to 0.08cd
Writing speed 0.6 km/s
Repetition period 10 ms
Line resolution 35 lines/cm

DEFLECTION SENSITIVITY
With acceleration
(VM =52 2Va3)
475 to 650
Va.3

475 to 650
Va3

475 to 650
V!.S

Sx
Sy’ mm/V
Sy- mm/V

With Va4 = Va3, both undeflected spots will be within 8.0mm
of the screen centre.
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DUAL TRACE OSCILLOSCOPE
DHMI10-93

LIMITING VALUES (absolute ratings)

Vaq max. 8.0 kv
Vasa min. 1.0 kV
Va3 max. 4.0 kV
Vas min. 600 v
Vaa max. 12 kV
Va1 max. 17 kV
Va1 min. 600 v
Vg4_33 max. 4.0 kV
Pa(tot) Max. 3.0 w
-Vg max. 200 A
-Vg min. 1.0 A
Vx-s3 max. 1.0 kV
Vy’-a3 max. 1.0 kV
Vy~_a3 max. 1.0 kV
Pt(av) Max. 3.0 mW/cm?
Rx-a3 max. 2.0 MQ
Ry’_a3 max. 1.0 MQ
Ry~_a3 max. 1.0 MQ
g-k 1.0 MQ
Vh-k(pk) Max. 250 v
Max. ratio of Vaa/Vas for full screen x deflection 2.0
WEIGHT
650 g
23 oz
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DUAL TRACE OSCILLOSCOPE
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RADAR TUBE MB22-75

Direct viewing radar tube with 9-in. diameter flat-

faced metal-backed screen primarily intended for use
in P.P.l. applications. -

The only difference between the MB22-75 and the MF22-75 is_in the screen properties
(see appropriate section of data).

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES included in this
section of the handbook.

HEATER Indirectly heated
Suitable for series or parallel operation

\2 6.3 Vv
In 300 mA
CAPACITANCES
Cg-all <10 pF
Ck—all <10 pF
SCREEN
Metal-backed
Max. picture diameter 200 mm
MB22-75 MF22-75
Fluorescent colour blue orange—with orange afterglow
Persistence short long
FOCUSING
Magnetic
DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except vertical with screen downwards and the axis of the
tube making an angle of less than 20° with the vertical,

TYPICAL OPERATING CONDITIONS

Va 15 kV

V¢ for cut-off —60 to ~140 Vv
TRecommended distance of centre of magnetic length

of focus unit from reference line 117 mm

1See appropriate section of ‘General operational recommendations—
cathode’ray tubes’.

[Mullard]
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MB22-75
MF22-75

RADAR TUBE

LIMITING VALUES (absolute ratings)

V. max.
Va min.
-Vg max.
*|, max.
Vh-_x mMmax.
Rg-x max.
Ry x max.

15.5 kV
9.0 kV
200 \%
150 wA
£150 \%
1.5  MQ

1.0 MQ

*The MF22-75 has a magnesium fluoride screen which is liable to burn if a
stationary or slowly moving spot is used even with low values of mean

beam current.

5005

™" ¢ heference line

e

15005

Yy

. 3617005 |,

-0-00
~—55+05 — o

All dimensions inmm

N =

REFERENCE LINE GAUGE

()

}

[Mullard]
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RADAR TUBE

MB22-75
MF22-75

230 to 236 dia

. 200 min -—
| . 1
i i ] ] |
\ 1380R oo
} } fomin 1 v
! | +
o I\ R 22410 230 ©
H - Ring gauge e E
g 5° (see table) dig
| [aV) nom '
‘ ‘ s Side contact
~ vevy cT8
H 1
rg Reterence line Y
PN E - <
Effective centre of | ~
l deflection =Z
| Centre of magnetic 1
length of focus unit. Ring gauge | Distance from |
| 34 B dia centre of tube face
! min 200 123+ 20
1 - 135 190 15(Note)
90 222+10

.
Diameter of useful screen area.

DECEMBER 1958 (1)

Note: The 135 dia gauge may have
a chord of 30mm cut from the
gauge face toa depth of IOmm

to avoid the anode side contact.

BI2A Base

All dimensions in mm
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MBZZ'75 RADAR TUBE
MF22-75

{MF22-75 |+ 5534

(cut

off,

V)

-160

-120

-80

-40

10

12 14 Va(kV)

LIMITS OF GRID

CUT-OFF VOLTAGE FOR FINAL ANODE VOLTAGES
FROM 10 TO 15kV

(R

DECEMBER 1958 (1)
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RADAR TUBE M B22"75
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FLYING SPOT SCANNER TUBE Mc I 3 I 6
Flying spot scanner tube with 5-in. diameter metal-

backed screen.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this
section of the handbook.

HEATER
Vn 6.3 v
In 300 mA

SPARK TRAP AND EXTERNAL CONDUCTIVE COATING

This tube has an external conductive coating (M) around the neck
of the tube, and the capacitance of this to the anode may be used to
provide smoothing for the e.h.t. supply.

The insulating coating around the cone of the tube should not be in
close proximity to any earthed metal parts.

Incorporated within the tube is a spark trap so positioned that it
prevents any internal flashover taking place between the anode and
the grid.

The spark trap and external conductive coating around the neck of
the tube must be connected to the chassis.

CAPACITANCES
Cgl-all 6.
Ck—all 6.
Ca-M 250 to 450

5 pF
5 pF

pF

SCREEN

Metal-backed

Fluorescent colour blue-violet
Persistence killed

The brightness is reduced to 369, (e~!) of the initial peak value
< 0.1us after the excitation is removed.

Minimum useful screen diameter 108 mm

FOCUSING

Magnetic

DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except with screen downwards and the axis of the tube making
an angle of less than 50° with the vertical.

(@
[Mullard]
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Mc I 3- I 6 FLYING SPOT SCANNER TUBE

OPERATING CONDITIONS

Va 25 kV
la 50 to 100 wA
#Vg for cut-off -50 to =100 A%
Resolution at centre of screen =1000 lines

LIMITING VALUES (design centre)

Va max. 27 kV
Va min. 20 kV
*~Vg max. 200 i
Iy max. 150 y.A
Rg_x max. 1.5 MQ
Zgs  max. (f = 50c/s) 500 kQ
TVh-k max. (cathode negative) 125 \
1Vh-x max. (cathode positive) 200 ¥
Vh kpk, Max. (cathode positive) 410 \Y
Rh—x max. 1.0 MQ

*The d.c. value of grid bias must not be allowed to become positive
with respect to the cathode except during the periods immediately
after switching the equipment on or off, when it may be allowed to
rise to +1V. The maximum positive grid excursion of the video
signal may reach 2V, and at this voltage the grid current may be
expected to be approximately 2mA.

TIn order to avoid excessive hum, the a.c. component of Vy  should
be as low as possible (<<20V; n.5.).

fDuring a warming-up period not exceeding 45s.

TUBE PROTECTION

It is essential that means be provided for the instantaneous removal
of the beam current in the event of a failure of either one or both of
the timebases. Unless such a safety device is incorporated a failure
of this type will result in the immediate destruction of the screen of
the tube.

X-RADIATION PROTECTION

Shielding equivalent to a lead glass thickness of 0.5mm is required
to protect the observer against X-radiation.

Mullard
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FLYING SPOT SCANNER TUBE Mc I 3-I 6
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FLYING SPOT SCANNER TUBE Mc I 3- l 6
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RADAR TUBE MF I 3 I
Direct viewing radar tube with 5-in. diameter metal- =

backed magnesium fluoride long persistence screen.
Primarily intended for use in P.P.l. applications.

HEATER Indirectly heated.
This tube is suitable for series or parallel operation.

Vh 63 v

In 0.3 A
CAPACITANCES

Cg_all <10 uwF

Ck_all <10 uwF

SCREEN  Metal-backed.

Fluorescent colour orange—with orange afterglow
Persistence long
Min. useful screen diameter 108 mm.

FOCUSING Magnetic.
DEFLECTION Double magnetic.
MOUNTING POSITION
Any, except vertical with the screen downwards and the axis of

the tube making an angle of less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Vas 7 kV
TVay 250 \
Vg for cut-off -28 to -63 v

tRecommended distance of centre
of magnetic length of focus unit
from reference line 73 mm
TSee appropriate section of ** General Operational Recommendations
—~Cathode Ray Tubes ™.

LIMITING VALUES (Absolute ratings)

Va, max. " kV
Va, min. 5.5 kV
Va, max. 500 \
Va, min. 200 \
-V max. 200 \
*| max. 150 wA
Vh_x max. +-150 \
Rg_x max. 1.5 MQ
Rn_x max. 1.0 MQ

*This tube has a magnesium fluoride screen which is liable to burn if
a stationary or slowly moving spot is used, even with low values
of mean beam current.

WEIGHT
Tube alone 500 g (1 1b. 2 oz.)

ISSUE 2 N, MF13-1 254-1



MF I 3 I RADAR TUBE
- Direct viewing radar tube with 5-in. diameter metal-

backed magnesium fluoride long persistence screen.
Primarily intended for use in P.P.l. applications.

125F 2

L \ N\aos )
+1

o

: \ 2

o

4 l
CT7 Connector

~(Recessed Ball)

Reference line. \-

Point at which 36 / I %
dia.ring gauge is ) Se
stopped. / _|Effective centre {E

of deflection

|
i

~
©
a
1
s ~___|Centre of magnetic
o 32.5-|length of focus unit.
355
dia.
OCTAL BASE
All dimensions in mm. 977
(R
[Mullard |

ISSUE 2 N, MF13-1 2542



RADAR TUBE M F l 3 I
Direct viewing radar tube with 5-in. diameter metal- _

backed magnesium fluoride long persistence screen.
Primarily intended for use in P.P.l. applications
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MF I 3 I RADAR TUBE
- Direct viewing radar tube with 5-in. diameter metal-

backed magnesium fluoride long persistence screen.
Primarily intended for use in P.P.l. applications.
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RADAR TUBE MF3 I 55
Direct viewing radar tube with 12-in. diameter =

flat-faced metal-backed magnesium fluoride long
persistence screen. Primarily intended for use in P.P.l. applications.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES which precede this
section of the handbook.

HEATER
Suitable for series or parallel operation
Vh 6.3 \
Ih 300 mA
CAPACITANCES
Cg-all <8.0 pF
Ck-all <8.0 pF
SCREEN
Metal-backed
Fluorescent colour orange with orange afterglow
Persistence long
Minimum useful screen diameter 265 mm
FOCUSING
Magnetic
DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except vertical with the screen downwards and the axis of
the tube making an angle of less than 20° with the vertical.

OPERATING CONDITIONS

Vas 15 kV
Va1 300 \
V, for cut-off -30 to -90 \
Recommended distance of centre of magnetic

length of focus unit from reference line 120 mm

LIMITING VALUES (absolute ratings)

Va2 max. 15.5 kV
Va2 min. 9.0 kV
Va1 max. 600 A%
Va1 min. 250 \%
-V max. 250 \%
*l max. 150 wA
Vh -k max. 4150 \Y
Rg_k max. 1.5 MQ
Rh—x max. 1.0 MQ

*This tube has a magnesium fluoride screen which is liable to burn
if a stationary or slowly moving spot is used, even with low values
of mean beam current.

AUGUST 1959 (1) Page D1




Ivl I:QE; I "!;;!; RADAR TUBE

-
+2
- 305%3 Jdia—
‘ t————————————— 265 min _— ;
Usetul screen diameter |
i + — —_—
| |
| " ")
i ' +
Q
[ 900-1200rad J @
v == - = = -L— — Ring'gauge — — — — — —
- (See tab‘z below)
+1
N |
IS
f —
| |
1
| |
! |
o |
o |
|
8 J Beginning of curvature L REFERENCE LINE
IT Point at which 36| diameter . srad. a2
‘ ring gauge is stopped. Effective centre 1
‘ of deflection.
o " [Ring gauge Distance from centre|
o 34ldia | m | of Screen. (mm) |
min 230 | 93%i0 ] <=
! 230 | 150+ 9
IR IS
| £z
Centre of magnetic length | 3 3435 6
of focus unit. [ 36‘I | 272+ 35 v/
L
L3 | W
- a2
- = al
LB g
= 3o;max\"/
kh h
' " BI2A Base
All dimensions in mm,
A4

AUGUST 1959 (1) \v/ Page D2



RADAR TUBE MF3 I '55
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MF3 l -55 RADAR TUBE

Vg - MF31-55 £28)
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LIMITS OF GRID CUT-OFF VOLTAGE FOR FIRST ANODE VOLTAGES
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MF31-95
Direct viewing radar tube with 12-in. diameter flat- -

faced metal-backed long persistence screen. Primarily
intended for use in p.p.i. applications.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
Vh 6.3 \%
In 300 mA
CAPACITANCES
Cg-all '\8.0 pF
Ck all < 8.0 pF
SCREEN
Metal-backed
Fluorescent colour orange—with orange afterglow
Persistence long
Min. useful screen diameter 265 mm
FOCUSING
Magnetic
DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except with the screen downwards and the axis of the tube
making an angle of less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Vaz 10 kV
*Va1 800 \
V, for cut-off -50 to =115 \
*Recommended distance of centre of magnetic length

of focus unit from reference line 98 mm

*See appropriate section of ‘General Operational Recommendations—
Cathode Ray Tubes’.

LIMITING VALUES (absolute ratings)

Vae max. 12 kV
Vaz min. 8.0 kV
Va1 max. 850 \%
Va1 min. 250 \%
-Vg max. 200 A%
Tl max. 150 pA
Vh*k max. 5'7150 \%
Rg—x max. 1.5 MQ
Rp-_x max. 1.0 MQ

1This tube has a magnesium fluoride screen which is liable to burn if a
stationary or slowly moving spot is used, even with low values of mean
beam current.
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MF3 I '95 RADAR TUBE
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RADAR TUBE MF3 I "95
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MF3 I '95 RADAR TUBE
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RADAR TUBE M F4 I I o
=a
Direct viewing radar tube with 16-in. diameter metal-

backed magnesium fluoride long persistence screen,
primarily intended for use in P.P.l. applications.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
Vi 6.3 \
In 300 mA
CAPACITANCES
Cg_all <8.0 pF
Ck_all <8.0 pF
SCREEN
Metal-backed.
Fluorescent colour—orange with orange afterglow.
Useful screen diameter 368 mm<—
PERSISTENCE
F screen Very long
See curves included in this section of the handbook for screen type F.
FOCUSING
Magnetic
DEFLECTION

Double magnetic

REFERENCE LINE GAUGE
See ‘General operational recommendations—cathode ray tubes’.

MOUNTING POSITION

Any, except vertical with screen downward and the axis of the tube
making an angle of less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Vas 15 kV
N 300 \

V for cut-off -30 to -70 Vv
*Recommended distance of focus unit

from reference line 118 mm

*See appropriate section of ‘General operational recommendations—
cathode ray tubes’.
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M F4 I I 0 RADAR TUBE
]
Direct viewing radar tube with 16-in. diameter metal-

backed magnesium fluoride long persistence screen,
primarily intended for use in P.P.l. applications.

LIMITING VALUES (Absolute ratings)

Va, max. 16 kV
Va, min. 8.0 kV
Va; max. 500 \%
Va; min. 200 \
-V max. 200 \
-V min 1.0 v
V‘n,k max. i150 \%
Z, y max. (f=50c/s) 500 kQ
Rg_kx max. 1.5 MQ
Ry_x max. See note *

*When the heater is supplied from a separate transformer Rp_ix max.

is 1MQ.
When the heater is in a series chain or earthed Zj max. is 100kQ

where Zy is the 50c/s impedance between earth and cathode.
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RADAR TUBE M F4 I I o
[
Direct viewing radar tube with 16-in. diameter metal-

backed magnesium fluoride long persistence screen,
primarily intended for use in P.P.l. applications.
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MF4 I I 0 RADAR TUBE
£
Direct viewing radar tube with 16-in. diameter metal-

backed magnesium fluoride long persistence screen,
primarily intended for use in P.P.l. applications.
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RADAR TUBE M F4 I I 0
L]
Direct viewing radar tube with 16-in. diameter metal-

backed magnesium fluoride long persistence screen,
primarily intended for use in P.P.l. applications.
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MM13-10
-
Direct-viewing high brightness radar tube with

5-in. diameter metal-backed double layer screen
and external lacquered coating.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS — CATHODE RAY TUBES which precede this
section of the handbook.

HEATER
Suitable for series or parailel operation
Vh 6.3 \
In 300 mA
CAPACITANCES
Cg—all <9.0 pF
Ck—all <7.0 pF
Ca—M 500 to 1500 pF
SCREEN
Metal-backed
Double layer
Fluorescent colour blue with green-yellow afterglow
Useful screen diameter 100 mm
FERSISTENCE
Blue fluorescence of short persistence followed by
green-yellow phosphorescence of long persistence.
FOCUSING
Magnetic
DEFLECTION

Double magnetic
Deflection angle (approx.) 40°

MOUNTING POSITION

Any, except with the screen downward and the axis
of the tube making an angle less than 20° with the
vertical.

OPERATING CONDITIONS

Va 22 kv
Vg for cut-off -50 to -100 \
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MM I 3" I 0 RADAR TUBE

LIMITING VALUES (absolute ratings)

Va max. 27 kV
V, min. 18 kV
=V max. 150 \
+Vg max. 0 4
+Vg(pk, Max. 2.0 A
lx max. 200 wA
Rg-x max. 1.5 MQ
V-1 max. (cathode positive) 300 \
Vu-x max. (cathode negative) 90 v
WARNING

At Vo = 27kV and I, = 200pA, the level of ‘X’ radiation expected may be of the
order of 10 mr/hr, and adequate shielding must be provided.
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RADAR TUBE MM I 3- I 0
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MM I 3' I 0 RADAR TUBE
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TELEVISION VIEWFINDER
TuBE MW 3-

Direct viewing television tube with 5-in.
diameter metal-backed screen. Having
good resolution, it is primarily intended for use as a television camera viewfinder tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, which precede this
section of the handbook.

HEATER
Suitable for series or parallel operation

Vh 6.3 \%
I 300 mA

Note (applies to series operation only)—The surge heater voltage
must not exceed 9.5V ;,.s. when the supply is switched on. When
used in a series heater chain a current limiting device may be
necessary in the circuit to ensure that this voltage is not exceeded.

CAPACITANCES

Cg-all <10 pF

Ck —all <10 pF
SCREEN

Metal-backed

Fluorescent colour white

Minimum useful screen diameter 108 mm
FOCUSING

Magnetic

DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except vertical with the screen downwards and the axis of the
tube making an angle of less than 20° with the vertical.

OPERATING CONDITIONS

Va2 7.0 kV
Vi 300 \"
*V¢ for cut-off -30 to -70 \%
Recommended distance of focus unit from
reference line 73 mm
()

AUGUST 1959 (1) m Page D1




TELEVISION VIEWFINDER
MWI3-35 TUBE

LIMITING VALUES (absolute ratings)

Vo max. 11 kV
Va2 min. 5.5 kV
Va1 max. 500 Vv
Va1 min. 200 \
*~V, max. 200 \
Ry x max. 1.5 MQ
Vi -k max. (cathode negative) 125 \
Vh -k max. (cathode positive) 200 \%
Ry max. See note**
Max. a; supply source impedance 1.5 MQ

*The d.c. value of grid bias must not be allowed to become positive
with respect to the cathode. The maximum positive grid excursion
may reach +2V and at this voltage the grid current may be expected
to be approximately 2mA.

**When the heater is in a series chain, or earthed to a.c. Zy max.
is 100k(), where Z is the 50c/s impedance between earth and the

cathode.
When the heater is supplied from a separate transformer Ry max.
is 1.0MQ.
WEIGHT
/500 g
Tube alone 1 1b 2oz
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TELEVISION VIEWFINDER
TUBE MWI13-35
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TELEVISION VIEWFINDER Mw I 3'35
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TELEVISION MONITOR TUBE Mw22 22
s

Direct viewing television tube with 9-in. dia-

meter metal-backed screen. Primarily intended

for use as a television studio monitor tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS — CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
Vh 6.3 %
In 300 mA
Note (applies to series operation only)—The surge heater voltage
must not exceed 9.5V; m.s. when the supply is switched on. When
used in a series heater chain a current limiting device may be
necessary in the circuit to ensure that this voltage is not exceeded.
CAPACITANCES
Cg_all <8 pF
Ck—all <8 pF
SCREEN
Metal-backed
Fluorescent colour White
Useful screen diameter 214 mm
FOCUSING
Magnetic
DEFLECTION

Double magnetic

MOUNTING POSITION

Any, except vertical with screen downward and the axis of the tube
making an angle of less than 20° with the vertical.

TYPICAL OPERATING CONDITIONS

Vag 9.0 kV
Vay 300 \%
*V, for cut-off -30 to =70 \
()
[Mullard]|
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Mw22 22 TELEVISION MONITOR TUBE
]

Direct viewing television tube with 9-in. dia-

meter metal-backed screen. Primarily intended

for use as a television studio monitor tube.

LIMITING VALUES (Absolute ratings)

**Va, max. 14 kV <—
Va, min. 70 kv
Va; max. 410 v
Va; min, 200 4

*-Vg max. 150 v

+Vh_x max. (cathode negative) 125 \
tVh_k max. (cathode positive) 200 Y
t1Vh_kpk, Max. (cathode positive) 410 \'
Rg_x max. 155 MQ<—
Zg_x max. (f=>50 c/s) 500 kQ<—
Rh_x max. See note §
Max. a, supply source impedance 1.5 MQ

*The d.c. value of grid bias must not be allowed to become positive
with respect to the cathode, except during the period immediately
after switching the receiver on or off when it may be allowed to rise
to +1V. The maximum positive grid excursion of the video signal
may reach 2V and at this voltage the grid current may be expected
to be approximately 2mA.

**The product of V4, and I; (average value for the whole screen) must
not exceed 6W.

tIn order to avoid excessive hum the a.c. component of Vy_x should
be as low as possible (<20V;.m.s.).

ttDuring a warming-up period not exceeding 45 sec.

§When the heater is in a series chain, or earthed, Z; max. is 100k,
where Z, is the 50c/s impedance between earth and the cathode.
When the heater is supplied from a separate transformer Rp_i max.
is 1TMQ.

WEIGHT

Tube alone 2 kg
4lb 6 oz

ISSUE 2 P, MW22-22 2562



TELEVISION MONITOR TUBE Mw22-22

Direct viewing television tube with 9-in. dia-
meter metal-backed screen. Primarily intended
for use as a television studio monitor tube.
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This drawing shows the blown bulb. Some tubes cre made with o pressed bulb.
A detailed drawing showing the points of difference of the pressed bulb is
given onpage 4.The base connections are also shown on that page. 5513
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Mw22_22 TELEVISION MONITOR TUBE

Direct viewing television tube with 9-in. dia-
meter metal-backed screen. Primarily intended
for use as a television studio monitor tube.
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The pressed bulbhas the same dimensions as the blown bulb (page 3)
apart from the differences shown in the detailed drawing above.
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TELEVISION MONITOR TUBE Mw22 22
=

Direct viewing television tube with 9-in. dia-

meter metal-backed screen. Primarily intended

for use as a television studio monitor tube.
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Mw22_22 TELEVISION MONITOR TUBE

Direct viewing television tube with 9-in. dia-
meter metal-backed screen. Primarily intended
for use as a television studio monitor tube.
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TELEVISION MONITOR TUBE Mw22 22
-

Direct viewing television tube with 9-in. dia-

meter metal-backed screen. Primarily intended

for use as a television studio monitor tube.
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TELEVISION MONITOR TUBE Mw36 67
Direct viewing television tube with 14-in. -
diagonal rectangular metal-backed grey glass

screen. Primarily intended for use as a tele-
vision studio monitor tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.

vh 6.3 \Y%
In 300 mA

Note (applies to series operation only). The surge heater voltage
must not exceed 9.5V, ,, 5. when the supply is switched on. When
used in a series heater chain a current limiting device may be
necessary in the circuit to ensure that this voltage is not exceeded.

EXTERNAL CONDUCTIVE COATING
This tube has an external conductive coating, M, and the capacitance
of this to the final anode may be used to provide smoothing for the
e.h.t. supply. The tube marking and warning labels are on the side
of the cone opposite the final anode connector and this side should
not be used for making contact to the external conductive coating.

CAPACITANCES

Ce_all 8.0 pF
Ck_all 8.0 pF
Cao-M 1100 pF

SCREEN

Metal-backed

Fluorescent colour white

Light transmission 66 %
Useful screen area see drawing on p. 3

FOCUSING
Magnetic

DEFLECTION
Double magnetic

REFERENCE LINE GAUGE
See ‘General operational recommendations—cathode ray tubes’.

MOUNTING POSITION

Any, except vertical with screen downward and the axis of the tube
making an angle of less than 20° with the vertical.

The tube socket should not be rigidly mounted but should have
flexible leads and be allowed to move freely. The bottom circum-
ference of the base shell will fall within a circle having a diameter
of 55mm which is centred upon the perpendicular from the centre
of the face.
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Mw36 67 TELEVISION MONITOR TUBE
- Direct viewing television tube with 14-in.
diagonal rectangular metal-backed grey glass

screen. Primarily intended for use as a tele-
vision studio monitor tube.

TYPICAL OPERATING CONDITIONS

Vas 14 kY
Va; 300 \
*V4 for cut-off -30 to =70 \

Recommended distance of centre of
magnetic length of focus unit from
reference line 100 mm

LIMITING VALUES (absolute ratings)

*#Vye Max. 15 kV
Va, min. 9.0 kV
Va, max. 500 A%
Va; min. 250 v

*~Vg max. 150 N

TVn_x max. (cathode negative) 125 \%
1Vhn.x max. (cathode positive) 200 \
+1Vh_k(pk,) Max. (cathode positive) 410 \
Rg_k max. 1.5 MQ
Z,  max. (f = 50c/s) 500 kQ
Rh_k max. See note §
Max. a, supply source impedance 1.5 MQ

*The d.c. value of grid bias must not be allowed to become positive
with respect to the cathode, except during the period immediately
after switching the equipment on or off when it may be allowed to
rise to +1V. The maximum positive grid excursion of the video
signal may reach 2V and at this voltage the grid current may be
expected to be approximately 2mA.

*#The product of Va, and |; (average value for the whole screen) must
not exceed 6W.

tIn order to avoid excessive hum the a.c. component of Vu_x should be
as low as possible (<<20V;. i .s.).

++During a warming-up period not exceeding 45s.

§When the heater is in a series chain, or earthed, Z, max. is 100k(2,
where Zy is the 50c/s impedance between earth and the cathode.
When the heater is supplied from a separate transformer Ry_x max.
is 1.0MQ.

] J4. g
WEIGHT Tube alone 19 Ib 140z
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TELEVISION MONITOR TUBE Mw36 67
-

Direct viewing television tube with 14-in.
diagonal rectangular metal-backed grey glass
screen. Primarily intended for use as a tele-
vision studio monitor tube.

Q
rtl contact area ;
g Cavity connector
CcT8
| “|Centre of magnetic
length of focus unit
V,
7,
€ x
' J, N /.$ K .
/ I, y
/1//

’ % 70R

il

E 1]

=

N

A f "

1 : gy

T 9
—— useful screen area [
288 min 1
kh h
All dimensions in mm

The indicated radius of curvature of the faceplate is not an exact but an average
value
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TELEVISION MONITOR TUBE

MW36-67 .. .. ... ..o
Direct viewing television tube with 14-in.
diagonal rectangular metal-backed grey glass

screen. Primarily intended for use as a tele-
vision studio monitor tube.
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ISSUE 2 I MW36-67 157-4




TELEVISION MONITOR TUBE M w36 67
Direct viewing television tube with 14-in. -
diagonal rectangular metal-backed grey glass

screen. Primarily intended for use as a tele-
vision studio monitor tube.

Vg MW36-67 3433
(54 TTT]
v) gt
Va2 =9 to I15kV
i
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. Ng
-60 >
-40 =
. NN
Lower fimit |
T
-20 !
‘ B B 19 0 I
ol [ ]
200 300 200 500 Vg V)

LIMITS OF GRID CUT-OFF VOLTAGE FOR FIRST ANODE VOLTAGES
FROM 250 TO 500V
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Mw36 67 TELEVISION MONITOR TUBE
- Direct viewing television tube with 14-in.
diagonal rectangular metal-backed grey glass

screen. Primarily intended for use as a tele-
vision studio monitor tube.
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TELEVISION MONITOR TUBE Mw43 67
-

Direct viewing televisicn tube with 17-in.

diagonal rectangular metal-backed grey-glass

screen. Primarily intended for use as a television studio monitor tube.

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—CATHODE RAY TUBES, included in this
volume of the handbook.

HEATER
Suitable for series or parallel operation.
\2 6.3 \%
In ¢ 300 mA

Note (applies to series operation only). The surge heater voltage
must not exceed 9.5V;.m.s. when the supply is switched on. When
used in a series heater chain a current limiting device may be
necessary in the circuit to ensure that this voltage is not exceeded.

EXTERNAL CONDUCTIVE COATING

This tube has an external conductive coating, M, and the capacitance
of this to the final anode may be used to provide smoothing for the
e.h.t. supply. The tube marking and warning labels are on the side
of the cone opposite the final anode connector and this side should
not be used for making contact to the external conductive coating.

CAPACITANCES
Cg_all <8 pF
Ck_all <8 pF
Cag_M 1100 pF
SCREEN
Metal-backed
Fluorescent colour White
Light transmission 66 Y5
Useful screen area See drawing on p. 3
FOCUSING
Magnetic
DEFLECTION

Double magnetic

REFERENCE LINE GAUGE
See ‘General operational recommendations—cathode ray tubes’

MOUNTING POSITION

Any, except vertical with screen downward and the axis of the tube
making an angle of less than 20° with the vertical.

The tube socket should not be rigidly mounted but should have
flexible leads and be allowed to move freely. The bottom circum-
ference of the base shell will fall within a circle having a diameter
of 55mm which is centred upon the perpendicular from the centre
of the face.
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Mw43 67 TELEVISION MONITOR TUBE
-
Direct viewing television tube with 17-in.
diagonal rectangular metal-backed grey-glass
screen. Primarily intended for use as a television studio monitor tube.

TYPICAL OPERATING CONDITIONS

Vaa 14 kV
Ve 300 \%
*V¢ for cut-off -30 to -70 \'

Recommended distance of centre of
magnetic length of focus unit from
reference line 100 mm

LIMITING VALUES (Absolute ratings)

**Vg, Max. 15 kY
Va, min. 9.0 kV
Va; max. 500 \"
Va, min. 250 \

*-Vg max. 150 \

+Vh_x max. (cathode negative) 125 W
+Vn_x max. (cathode positive) 200 V.

T1Vh_kpk) Max. (cathode positive) 410 Vv
Rg_x max. 1.5 MQ
Z,_x max. (f=>50c/s) 500 kQ
Rh_x max. See note §
Max. a, supply source impedance 1.5 MQ

*The d.c. value of grid bias must not be allowed to become positive
with respect to the cathode, except during the period immediately
after switching the equipment on or off when it may be allowed to
rise to +1V. The maximum positive grid excursion of the video
signal may reach 2V and at this voltage the grid current may be
expected to be approximately 2mA.

**The product of Vy, and |; (average value for the whole screen) must
not exceed 6W.

+In order to avoid excessive hum the a.c. component of Vy_x should be
as low as possible (<20V;.m s.).

++During a warming-up period not exceeding 45 sec.

§When the heater is in a series chain, or earthed, Zx max. is 100k(2,
where Zy is the 50c/s impedance between earth and the cathode.
When the heater is supplied from a separate transformer Rp_x max.
is TMQ.

WEIGHT Tube alone {1;'7 g
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TELEVISION MONITOR TUBE r"n '43 67
-

Direct viewing television tube with 17-in.

diagonal rectangular metal-backed grey-glass

screen. Primarily intended for use as a television studio monitor tube.

Cavity connector
CTs8

Centre of magnetic ,

Centre of grld length of focus unit

—{14010 r=—

|
> a2

%

SIR7/, 737R/686R

,soen’// /
533R

273 min

Max useful screen area

be——— 362 min

Alldimensions in mm

The indicated radius of faceplate curvature is not an exact but an average value,
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MW43-67

screen. Primarily intended for use as ¢ television studio monitor tube

TELEVISION MONITOR TUBE

Direct viewing television tube with 17-in.
diagonal rectangular metal-backed grey-glass

ISSUE 1

Mullard

W/
MW43-67 196 | |12
A
[TT1 )
Ng2=9tol5 kV]
[
T 200
M
| |
| | |
| | |
| | |
| |
|
I [ ’l 150
| | |
/ | |
I /
/
/
/ [
/ -t
1] / | -
/
/
I /
/ /
J /
/
/ Vi
/
) / y 50
/ /
/ /
/ /
4 /
//
=d _ A 0
vg(V) —60 —40 —-20 0
FINAL ANODE CURRENT PLOTTED AGAINST GRID VOLTAGE

MW43-67 356-4



TELEVISION MONITOR TUBE
Direct viewing television

tube with

MW43-67
17-in.

diagonal rectangular metal-backed grey-glass
N

screen. Primarily intended for use as a television studio monitor tube.
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Mw43_67 TELEVISION MONITOR TUBE

Direct viewing television tube with 17-in.
diagonal rectangular metal-backed grey-glass
screen. Primarily intended for use as a television studio monitor tube.
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VOLTAGE STABILISER & DEFINITIONS
REFERENCE LEVEL TUBES

Ignition Voltage (starting voltage, striking voltage)

The minimum voltage which must be applied between the anode
and cathode of a tube in order to initiate a glow discharge.

Burning Voltage (maintaining voltage)

The voltage between anode and cathode when a glow discharge
has been established and the tube is passing current within its
specified limits.

Regulation Voltage

The change in the burning voltage when the current is changed from
the maximum to the minimum value.

Incremental Resistance

The slope of the burning voltage against burning current
characteristic at some specified tube current.

Temperature Coefficient of Burning Voltage

The rate of change of burning voltage with tube ambient tempera-
ture for a fixed tube current.

Stability

The change in burning voltage with life caused by changes in tube
characteristics. This excludes changes due to variations in tube
current, temperature, etc.
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VOLTAGE STABILISER & GENERAL OPERATIONAL
REFERENCE LEVEL TUBES RECOMMENDATIONS

Ignition Voltage

This is the voltage at which the discharge in a tube will be
initiated. Normally the average tube will ignite at a voltage some-
what lower than the maximum figure quoted but the latter should
always be available. Certain tubes are affected by ambient light,
and in complete darkness some delay may occur between the appli-
cation of the ignition voltage and the actual firing of the tube.

Burning Current

Except for a temporary overload during starting, the circuit
values must be such that the current through a tube always falls
within the maximum and minimum limits quoted in the data.
Excessive current will lead to high heat dissipation with possible loss
of stability while at very low current the tube may effectively become
extinguished. At starting, a current of up to 2.5 times the maximum
mean current may be drawn for a period of 10 seconds or less. This
covers the period while thermionic valves in an equipment warm up
and draw their normal current. This overload should not be
applied at intervals of less than a few minutes.

For reference tubes a preferred operating current is also quoted
Whenever possible this current should be adopted and maintained
constant since it represents an operating point which is both free
from discontinuities in characteristics and also has a maximum
stabilityfover life. If the current is changed during life and then
returned to its original value the high order of stability may be
impaired.

Reversal of Polarity

Reference tubes and stabilisers should never be operated in such a
way that they can draw reverse current. This can be met by ensuring
that the maximum reverse voltage ever applied to a tube does not
exceed 909, of the normal burning voltage.

(CH—
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GENERAL OPERATIONAL VOLTAGE STABILISER &
RECOMMENDATIONS REFERENCE LEVEL TUBES

Series and Parallel Operation

Where different types of stabilisers are connected in series care
must be taken to ensure that the burning current falls within the
permitted limits of all tubes. At first sight it would seem that a
supply voltage must be available which is equal to the sum of all the
individual ignition voltages of the several tubes; however, the supply
voltage requirements for series operation will be eased by con-
necting a resistor network (to ensure successive striking of the
tubes) across one or more of the tubes. These resistors should have
values of the order of 200 k(.

Stabilisers should not be connected in parallel with each other
because of the difficulty of ensuring equal current distribution.

Stabiliser Behaviour with an Alternating Component of
Tube Current

In certain applications the current supplied to a stabiliser or
reference tube consists of a predominantly direct current with a
superimposed alternating component caused by rapid fluctuations in
load, supply voltage ripple, etc.

Because of the finite internal impedance of a gas-filled discharge
tube this alternating component may give rise to undesired coupling.
In addition, the internal impedance of stabiliser tubes increases with
increasing frequency.

In order to avoid coupling effects the stabiliser should be shunted
by a capacitor whose value will be determined by the tube impedance
that can be tolerated and by the impedance of the remainder of the
circuit. However, the value of the capacitor should be made as small
as possible in order to minimise the chance of relaxation oscillations
and also to reduce the transient tube current at starting. Normally
a capacitance of the order of 0.5uF is suitable.
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SPECIAL QUALITY VOLTAGE GENERAL NOTES
STABILISER AND REFERENCE TUBES

These general notes include definitions and general test
procedures. They should be read in conjunction with the
data sheets for Special Quality Tubes. Where reference
should be made to a specific note, this is indicated on the
data sheet by an index number, e.g. Group Quality Level’.

1. Limiting Values. The limiting values quoted on the data sheets
are absolute ratings. Absolute maximum ratings are limiting
values of operating and environmental conditions applicable to
any tube 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 tube manufacturer to provide
acceptable serviceability of the tube, taking no responsibility
for equipment variations, environmental variations, and the
effects of change in operating conditions due to variations in
the characteristics of the tube under consideration, and of all
other electron 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 tube under the worst
probable operating conditions with respect to supply variations,
equipment control adjustment, load variations, signal variation,
environmental conditions and variations in characteristics of
the valve under consideration and of all other devices in the
equipment.

The life expectancy of a tube may be appreciably reduced
if the maximum ratings are exceeded. Furthermore, in gas-filled
tubes certain limiting values, such as the minimum voltage
necessary for ignition must be met completely or the tube
may show a total failure to operate at any time after
installation.

In the interests of reliability the bulb temperature should
always be kept as low as possible.

2. The A.Q.L. (Acceptable quality level) is the limit below which
the average level of defectives is controlled.

3. Maximum and minimum values for the individuals are the limits
to which tubes are tested.
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GENERAL NOTES SPECIAL QUALITY VOLTAGE
STABILISER AND REFERENCE TUBES

4. Maximum and minimum for lot average are the limits between
which the average value of the characteristic of a lot or batch
is controlled.

5. Lot standard deviation is the standard deviation of a lot or batch.
6. Bogey value is the target value.

7. Group quality level. This is the A.Q.L. over a whole group of
tests.

Sub-group quality level. The A.Q.L. over a number of tests
which do not constitute a complete group.

8. Glass envelope strain test.

(A) This test is carried out on a sampling basis and consists of
completely submerging the tubes in boiling water at a
temperature between 97 and 100°C for 15 seconds and
then immediately plunging them in ice cold water for
5 seconds. The tubes are then examined for glass cracks.

(B) This test is carried out on a sampling basis and consists of
completely submerging the tubes in boiling water not
less than 85°C for 15 seconds and then immediately
plunging them in ice cold water not more than 5°C for
5 seconds. The tubes are then examined for glass cracks.

9. Base strain test. This test is carried out on a sampling basis and
consists of forcing the pins of the tubes over specified cones
and then completely submerging the tubes and cones in boiling
water at a temperature between 97 and 100°C for 10 seconds.
The tubes and cones are allowed to cool to room temperature
before examining for glass cracks.

10. Lead fragility test.

(A) This test is carried out on a sampling basis and consists
of holding the tubes vertically and having a 1-Ib weight
freely suspended from the lead under test. The tubes are
inclined slowly so as to bend the weighted lead through
45°, back to 45° in the other direction, back to 45° in the
first direction and finally back to the vertical, the entire
action taking place in one vertical plane. The tubes are
examined for cracks and broken leads.

(N
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SPECIAL QUALITY VOLTAGE GENERAL NOTES
STABILISER AND REFERENCE TUBES

(B) This test is carried out on a sampling basis and consists
of holding the tubes vertically and having a 1-Ib weight
freely suspended from the lead under test. The tubes are
inclined slowly so as to bend the weighted lead through
90° and return it to the vertical, the entire action taking
place in one vertical plane. This cycle is repeated for the
number of times shown on the data sheet. The tubes are
examined for broken leads.

11.  This test is carried out on a sampling basis under the conditions
detailed in the data.

12. Shock test. This test is carried out on a sampling basis and
subjects the tubes to 5 blows of the specified acceleration in
each of 4 directions.

13. Inoperatives. An inoperative is defined as a tube having an
open or short circuit electrode, an air leak or a broken pin.
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SPECIAL QUALITY VOLTAGE
REFERENCE TUBE M
Special quality 85V gas-filled voltage reference tube

for use in equipment where mechanical vibration and
shocks are unavoidable.
PN

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER & REFERENCE TUBES
which precede this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

LIMITING VALUES! (absolute ratings)

*Minimum voltage necessary for ignition 115 v
Burning current
Maximum 10 mA
Minimum 1.0 mA
P Maximum negative anode voltage 75 \%
Ambient temperature limits -55to +90 °C

*This value covers operation in daylight and complete darkness.

PREFERRED OPERATING CONDITION

Burning current 6.0 mA
CHARACTERISTICS
Measured at preferred operating condition and Taypiens — 25°C
Maintaining voltage (variation from tube to tube) 83 to 87 £
Incremental resistance
Average 300 Q
Maximum 450 Q
Maximum increase in maintaining voltage as current
is varied from 1 to 10mA 4.0 v
™ *Maximum percentage variation of maintaining voltage
over first 1000 hours of life 0.5 9%
Typical percentage drift of maintaining voltage per
1000 hours after 1300 hours 0.1 9

*After the initial warming-up period of 3 minutes

Discontinuities of the I,/V, characteristic
Typical voltage jumps over current range 4 to 10mA 50 mV
Maximum voltage jumps over current range 1 to 10mA 100 mVY

SHORT-TERM STABILITY
Maximum short-term variation of maintaining voltage for any 8 hour period
after the first 100 hours life will be better than 0.019, provided there is
an initial warming-up period of 3 minutes.
Maximum short-term (100 hours max.) variation of maintaining voltage
after the first 300 hours of life is 0.19.

In order to avoid voltage variations due to temperature fluctuations it will
in general be sufficient to draught shield the tube.

(@
[Mullard]
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SPECIAL QUALITY VOLTAGE
REFERENCE TUBE

OPERATING NOTES

A steady maintaining voltage is reached within 3 minutes.

The greatest constancy of maintaining voltage is obtained if the tube is
operated at the preferred current.

The noise generated by the tube over a frequency band of 30 to 10,000¢/s
is of the order of 601V, which is equivalent to the noise generated by a
resistor of approximately 22MQ at a temperature of 300°K. The noise is
evenly distributed over the frequency range.

19 max|<

47-5max
54-5max

B7G Base

All dimensions in mm =

The bulb and base dimensions of this tube are in accordance with BS448,
Section B7G.

(@)
[Mullard]
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SPECIAL QUALITY VOLTAGE

REFERENCE TUBE
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REFERENCE TUBE

SPECIAL QUALITY VOLTAGE

M8098
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SPECIAL QUALITY VOLTAGE

REFERENCE TUBE
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MAINTAINING VOLTAGE PLOTTED AGAINST BURNING CURRENT
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SPECIAL QUALITY VOLTAGE
REFERENCE TUBE
Special quality 85V gas-filled voltage reference tube

with flying leads, for use in equipment where mechani-
cal vibration and shocks are unavoidable.

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER & REFERENCE TUBES
which precede this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

LIMITING VALUES! (absolute ratings)

*Minimum voltage necessary for ignition 115 \
Burning current
Maximum 10 mA
Minimum 1.0 mA
Maximum negative anode voltage 75 N
Ambient temperature limits -55 to +90 26

*This value covers operation in daylight and complete darkness.

PREFERRED OPERATING CONDITION

Burning current 60 mA
CHARACTERISTICS
Measured at preferred operating condition and Tympient = 25°C
Maintaining voltage (variation from tube to tube) 83 to 87 b4
Incremental resistance
Average 300 Q
Maximum 450 Q
Maximum increase in maintaining voltage as current
is varied from 1 to 10mA 4.0 A
*Maximum percentage variation of maintaining voltage
over first 1000 hours of life 0.5 %
Typical percentage drift of maintaining voltage per
1000 hours after 1300 hours 0.1 9

*After the initial warming-up period of 3 minutes
Discontinuities of the 1;/V, characteristic

Typical voltage jumps over current range 4 to 10mA 5.0 mV
Maximum voltage jumps over current range 1 to 10mA 100 mV

SHORT-TERM STABILITY

Maximum short-term variation of maintaining voltage for any 8 hour period
after the first 100 hours life will be better than 0.019, provided there is
an initial warming-up period of 3 minutes.

Maximum short-term (100 hours max.) variation of maintaining voltage
after the first 300 hours of life is 0.19,.

In order to avoid voltage variations due to temperature fluctuations it will
in general be sufficient to draught shield the tube.

(-

[Mullard]
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SPECIAL QUALITY VOLTAGE
M I REFERENCE TUBE

OPERATING NOTES

A steady maintaining voltage is reached within 3 minutes.

The greatest constancy of maintaining voltage is obtained if the tube is
operated at the preferred current.

The noise generated by the tube over a frequency band of 30 to 10,000c/s
is of the order of 60uV, which is equivalent to the noise generated by a
resistor of approximately 22MQ at a temperature of 300°K. The noise is
evenly distributed over the frequency range.

19 max =

a
S
o
IS
7]
~
N

__ 2 max T
k
B7G/F Base

Tinned
38min

5806 All dimensions in mm

The bulb dimensions of this tube are in accordance with BS448, Section B7G

Note.—Direct soldered connections to the leads of the tube must be at least
5mm from the seal and any bending of the leads must be at least 1.5mm
from the seal.
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SPECIAL QUALITY VOLTAGE

REFERENCE TUBE
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SPECIAL QUALITY SUBMINIATURE
VOLTAGE REFERENCE TUBE M I 9

Special quality 85V subminiature gas-filled voltage
reference tube.

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER & REFERENCE TUBES
which precede this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

LIMITING VALUES! (absolute ratings)
*Minimum voltage necessary for ignition 125

Burning current

Maximum 3.5

Minimum 0.5
Maximum negative anode voltage 75
Minimum ambient temperature -55
Maximum bulb temperature -+90

*This value covers operation in daylight and complete darkness.

PREFERRED OPERATING CONDITION

Burning current 2.0

CHARACTERISTICS

Measured at preferred operating condition and Taypient = 25°C
Maintaining voltage (variation from tube to tube) 84 to 88

Maximum maintaining voltage difference over current
range 0.5 to 3.5mA 3.0

Maximum incremental resistance 1.0

Variation of maintaining voltage during the first 1000
hours of life
Maximum +1.0
Typical +0.5

OPERATING NOTES

A steady maintaining voltage is reached within 3 min.

mA
mA

°C

mA

The greatest constancy of maintaining voltage is obtained if the tube is

operated at the preferred current.
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SPECIAL QUALITY SUBMINIATURE
VOLTAGE REFERENCE TUBE
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SPECIAL QUALITY SUBMINIATURE

VOLTAGE REFERENCE TUBE

To+
801
o+

143

(1d-d)

0§
S

(1d->d)

0S
80+

S'9
L3
ST
ST
ST

0¥

ST
ST

wn
o Kol

,19A9] A3ienb dnouo
<EFN 01 6L Eo._._ a8ueyd juadand Suruing Joj a8e1joA Bululeaurew ur a3ueyd
5 sanoy 00} ©3 0 wo.y a8e3joA Sujuresurew ui a3ueyd
950: OOm o0 o Eot omﬁ_0> Sujureaurew ul adueyd
' a3ejjoA uonugd)
sanoy 000} °saulod pud 3593 aJi7

SNONUIIUOD YWy = 3uadind 3uluing
113593 317

a dNoyo

** ,]2A9] Aienb dnouB-qng

asjou duoydouniyy
a3e3j0A Bulureurew ul a3ueyd
51593 )D0Ys 150d

805/ ‘@3e1joA parjdde oN
zrPoys
,19A3] Aaijenb dnou8-qng

asiou s1uoydoudi|y
a8e3joA Buluieaurew ui a3ueyd

s1sa1 andnej 3sod

soue|d Jejndipuadaad Ajjenmnuw ¢ jo
ya®d Ul sanoy g€ 104 5/35 T 0/} = 4 ‘uoneaajadde yead ‘uiw 35 ‘a8e3joA pajdde oN
riendneq

Page D3

a—
A

FEBRUARY 1959 (1)



SPECIAL QUALITY SUBMINIATURE
M8 I 90 VOLTAGE REFERENCE TUBE
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The bulb dimensions of this tube are in accordance with BS448, Section B8D.
Note.—Direct soldered connections to the leads of the tube must be at least
5mm from the seal and any bending of the leads must be at least 1.5mm

A

from the seal.

M
[Mullard]
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SPECIAL QUALITY

STABILISING TUBE

Special quality 150V gas-filled voltage stabiliser for

use in equipment where mechanical vibration and shocks are unavoidable and

where statistically controlled major electrical characteristics are required.

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER & REFERENCE TUBES
preceding this section of the handbook, and the index numbers are

used to indicate where reference should be made to a specific note.

LIMITING VALUES!' (absolute ratings)

tMinimum voltage necessary for immediate ignition
In some ambient light (50ft.cd.) 165
In complete darkness 225 \%

Burning current

Maximum 30 mA
Minimum 50 mA
Maximum starting current 75 mA
Maximum negative anode voltage 125 \%
Minimum ambient temperature -55 °c
Maximum bulb temperature 150 °c

1These values cover life.

CHARACTERISTICS
Maximum maintaining voltage at 30mA 158 \
(all tubes over life)

Minimum maintaining voltage at 5.0mA 142 \%
(all tubes over life)

Difference between maintaining voltages at
30mA and 5.0mA (individual tube)

Maximum 5.0 v
Typical 3.0 \%

Typical variation of maintaining voltage at 20mA during
500 hours life at Ty, — 150°C 2.0 u

Mullard
OCTOBER 1958 (1) Page D1




SPECIAL QUALITY
STABILISING TUBE
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SPECIAL QUALITY
STABILISING TUBE

M8223
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SPECIAL QUALITY
STABILISING TUBE

M8223
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SPECIAL QUALITY M8223
STABILISING TUBE

19mm.

<" max.”]

60-5mm.
max.

7-5mm,

max.

B7G Base.

The bulb and base dimensions of this tube are in accordance with BS448
Section B7G

@
[Mullard]
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SPECIAL QUALITY
STABILISING TUBE

M8223
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SPECIAL QUALITY
STABILISING TUBE
Special quality 108V gas-filled voltage stabiliser for use in

equipment where mechanical vibration and shocks are unavoidable and where
statistically controlled major electrical characteristics are required.

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER AND REFERENCE TUBES
preceding this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

LIMITING VALUES! (absolute ratings)

tMinimum voltage necessary for immediate ignition
In some ambient light (50 ft.cd.) 133 \
In complete darkness 210 A%

Burning current

Maximum 30 mA
Minimum 5.0 mA
Maximum starting current 75 mA
Maximum negative anode voltage 75 \
Minimum ambient temperature -55 °c
Maximum bulb temperature 150 °C

TThese valves cover life.

CHARACTERISTICS

Maximum maintaining voltage at 30mA

(all tubes over life) 113 \
Minimum maintaining voltage at 5.0mA

(all tubes over life) 103 \4

Difference between maintaining voltages
at 30mA and 5.0mA (individual tube)

Maximum 4.0 v

Typical 1.5 Vv
Typical variation of maintaining voltage at 20mA

during 500 hours life at Tpy,=150°C 420 o
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SPECIAL QUALITY
STABILISING TUBE

M8224
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SPECIAL QUALITY
STABILISING TUBE
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SPECIAL QUALITY M8224
STABILISING TUBE
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The bulb and base dimensions of this tute are in accordance with BS448
Section B7G
i)
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SPECIAL QUALITY
STABILISING TUBE

M8224
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STABILISING TUBE 75B |
Miniature gas-filled tube with auxiliary ignition

electrode (priming anode) and intended for use as a
voltage stabiliser.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings)

Min. voltage necessary for ignition ) 110 \4
Max. burning current LR 22 mA
Min. burning current ' ] 20 mA

CHARACTERISTICS (measured at 10mA)

*Max ignition voltage 110 \

Burning voltage (variation from tbvbe to tube) 70 to 80 \
Max. burning voltage difference over current

range 2 to 20mA 6.0 \

*The auxiliary ignition electrode (priming-anode) should be con-

nected to the anode through’'a nominal 15k Q) resistor.

1

OPERATING NOTES

1

To obtain a good life a’reverse current mustnot be drawn from this
tube. This condition is satisfied-if any inverse voltage does not
exceed 65V.

The maximum-ignition voltage quoted.-is the greatest voltage which
is necessary toignite any tube in the presence of an ambient illumina-
tion of 5to 50 foot-candles. A voltage of at least this value must be
available “if-reliability of ignition is to be obtained. In complete
darkness there may be some delay in igniting the tube.

The noise generated by the tube over the frequency range (50 to
5,000 c/s) and at a constant current (2 to 20mA) is less than

' T5mVrm’s.

ISSUE 1
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STABILISING TUBE

75BI Miniature gas-filled tube with auxiliary ignition

electrode (priming anode) and intended for use as a
voltage stabiliser.
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STABILISING TUBE 75c I
75 Volt gas-filled stabiliser with a current range of 2.0 to 60mA.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition

(light or dark) 115 Y
Maximum burning current 60 mA
Minimum burning current 20 mA

*Maximum starting current 100 mA
Maximum ambient temperature limits -55to +90 °C
Maximum negative anode voltage 50 v

*To be restricted for long life to approximately 30 seconds in each
8 hours use.

CHARACTERISTICS

Burning voltage at l3=30mA (see curve on
page 3) 75 to 81 b4

Maximum difference between maximum and
minimum burning voltages over current
range 8.0 Vi

Typical difference between maximum and
minimum burning voltages over current

range 5.0 v
Typical percentage variation of burning voltage
in first 1000 hours +1.0 %

Typical variation of burning voltage with tem-
perature see curve on page 4

*Typical voltage jumps in the current range

10 to 20mA 20 mV

above 20mA <10 mV
Maximum burning current above which the

incremental resistance is always positive 70 mA
Maximum incremental resistance 200 Q

*Larger jumps may be experienced at currents below 10mA.

ISSUE 1 v 75C1 35741




75c I STABILISING TUBE
75 Volt gas-filled stabiliser with a current range of 2.0 to 60mA.
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STABILISING TUBE

75 Volt gas-filled stabiliser with a current range of 2.0 to 60mA. 75 c I
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75c I STABILISING TUBE
75 Volt gas-filled stabiliser with a current range of 2.0 to 60mA.
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VOLTAGE REFERENCE TUBE 83A I
83V gas-filled reference tube.

PRELIMINARY DATA
LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition (Notes 1 and 2) 130 ¥V
Burning current ;
Maximum 6.0 mA
Minimum 35 mA
Maximum bulb temperature (Note 3)
During operation 150 2C
During storage and stand-by 100 %€
Maximum negative anode voltage 50 v
Maximum starting current (Note 4) 10 mA

PREFERRED OPERATING CONDITION
Cathode current 4.5 mA

CHARACTERISTICS (Note 5) at preferred operating condition
Initial values (measured at 25 to 30°C)

Maintaining voltage (variation from tube to tube)

82.6 to 84.1 v

*Maximum jump voltage (3.5 to 6.0mA) 1 mY

*Typical r.m.s. noise voltage (30c/s to 10kc/s) 100 wv
*Incremental resistance

Maximum 350 Q

Minimum 110 0

*Nominal temperature coefficient (Note 7)
average over the range 25 to 120°C -0.003%/°C(-2.5mV/°C)

*See note 6.

Life performance

Limits of the typical variations of maintaining voltage at the temperatures
shown and over the period indicated.

(a) For continuous operation at preferred current

Bulb temperature #43 100 150 °c
Life period
0 to 300 hrs. 0to +0.35 -0.1 to +0.5 Oto+2 V
300 to 2500 hrs. 0to +0.2 0toc +0.2 -2to +4 V
300 to 10,000 hrs. +0.05 to +0.35 +0.05 to +0.35 — v
(b) For storage or stand-by
0 to 500 hrs. Negligible <1.5 (Note 8) — v
0 to 3000 hrs. Negligible <6 (Note8) — v
(R
[ Mullard]

OCTOBER 1959 (1) S Page D{




83A I VOLTAGE REFERENCE TUBE

A 4
NOTES
1. The effective resistance in series with the tube should never be less than 2kQ.
2. This value holds good over life,fin light or darkness. In total darkness an
ignition delay of up to Ss may occur.
3. During conduction the bulb temperature is approximately 20°C above
ambient temperature.
4. To be restricted for long life to approx. 30s once or twice in each Bhrs. use.
5. Equilibrium conditions are reached within 1min.
6. Information to date indicates that these values hold good, with little or no —
change, over life.
7. The characteristics curve connecting temperature coefficient and bulb Mot
temperature is continuous and repeatable. The typical tube to tube variations
in maintaining voltage with temperature are shown on page C1.
8. Subsequent operation of the tube for approximately 50hrs. at 4.5mA at not
more than 100°C will restore the maintaining voltage to within 0.2V of its
original value.
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VOLTAGE REFERENCE TUBE 83A l
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VOLTAGE REFERENCE TUBE 85A l
Neon-filled two-electrode tube having a high order of

stability over both long and short periods and very small

variations from tube to tube.

This data should be read in conjunction with the GENERAL
OPERATIONAL RECOMMENDATIONS—VOLTAGE STABILISER AND
REFERENCE LEVEL TUBES which precede this segtiéq'ofthe handbook.

LIMITING VALUES (absolute ratings) | \ /) |
Minimum voltage necessary for ignition 125 \%
Burning current =

Maximum ol ) 8.0 mA
Minimum 1.0 mA
Maximum negative anode voltage 7 75 \4

PREFERRED OPERATING CONDITION

Burning current 5 45402 mA

CHARACTERISTICS

Measured at preferred opefating condition

Maintaining voltage-(variation from tube 'to tube) 83 to 86 \s
Incremental resistance— I 5
Average / . 290 Q
Maximum 450 Q
Maximum/ percentage variation/ of maintaining voltage
for current change of 4.3 to 4.7mA 0.17 Y%
*Maximum._percentage variation of maintaining voltage
during life 0.5 %
Maxihum,perc’entage variation of maintaining voltage
after.the first 300 hours of life 0.2 %
Maximum short term (= 100 hours) variation of
maintaining voltage after the first 300 hours of life 0.1 %

~*After initial warming-up period of 3 minutes.

APRIL 1959 (1) \v/ Page 1



85A I VOLTAGE REFERENCE TUBE

NOTES
1. Equilibrium conditions are normally reached after 3 minutes’ operation.
2. Over life, the incremental resistance will remain sensibly constant but the
temperature coefficient of the maintaining voltage can be expected to
decrease slightly.
3. The noise generated by the tube over a frequency band of 30 to 10,000¢/s,

is of the order of 70uV, which is equivalent to the noise generated by a
resistance of approximately 30M(. The noise is evenly distributed over

the frequency range.

4. This tube should not be subjected to shock or continuous vibration.

29mm |
r’ max

L—GSmm max
je—————80mMm max

| d
K B8G Base } F @'
|

32mm
max
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VOLTAGE REFERENCE TUBE 85A2
Gas-filled two-electrode tube intended

for use as a voltage reference.

LIMITING VALUES (Absolute Ratings)

Min. voltage necessary for ignition 115 V<—
Max. burning current 10 mA
Min. burning current 1 mA
Ambient temperature limits -55 to +90 °C

PREFERRED OPERATING CONDITION

Burning current 6 mA
CHARACTERISTICS
At Preferred Operating Condition
Max. ignition voltage 115 V<«
Burning voltage (variation from tube to tube) 83 to 87 N
Incremental resistance
Average 300 Q
Maximum 450 Q
Temperature coefficient of burning voltage over
temperature range 15 to 90°C -4.0 mV/°C
*Max. percentage variation of burning voltage
During the first 300 hours of life 0.3 %
During the subsequent 1,000 hours 0.2 %
Typical percentage drift of burning voltage per
1,000 hours after 1,300 hours 0.1 9%

/0

*After the initial warming-up period of 3 minutes.

DISCONTINUITIES OF THE 1,/V. CHARACTERISTIC
Typical voltage jumps over current range 4 to

10 mA 5.0 mV
Maximum voltage jumps over current range 4
to 10 mA 50 mV

SHORT-TERM STABILITY

Maximum short-term variation of burning voltage for any 8 hour -
period after the first 100 hours life will be better than 0.019,
provided there is an initial warming-up period of 3 minutes.

Maximum short-term (100 hours max.) variation of burning voltage
after the first 300 hours of life is 0.19,.
In order to avoid voltage variations due to temperature fluctuations

it will in general be sufficient to draught shield the tube (see
temperature coefficient of tube).

(@
[Mullard]
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85A2 VOLTAGE REFERENCE TUBE
Gas-filled two-electrode tube intended

for use as a voltage reference.

A 4
OPERATING NOTES
1. To obtain a good life a reverse current must not be drawn from <—
this tube. This condition is satisfied if any inverse voltage does
not exceed 75 V.
2. The maximum ignition voltage quoted is the greatest voltage which
is necessary to ignite any tube in the presence of some ambient
illumination. A voltage of at least this value must be available if
reliability of ignition is to be obtained. In complete darkness there
may be considerable delay in igniting the tube.
3. A steady burning voltage is reached within 3 minutes.
4. The greatest constancy of burning voltage is obtained if the tube \
is operated at only one value of current.
5. The noise generated by the tube over a frequency band of 30 to
10,000 c/s is of the order of 60 .V, which is equivalent to the noise
generated by a resistor of approximately 22 M Q) at a temperature
of 300°K. The noise is evenly distributed over the frequency range.
I9mm.
max.
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VOLTAGE REFERENCE TUBE 85A2
Gas-filled two-electrode tube intended

for use as a voltage reference.
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STABILISING TUBE 90c I
90-volt gas-filled voltage stabiliser with a

current range of 1 to 40mA.

LIMITING VALUES (absolute ratings)
Minimum voltage necessary for ignition (Note 1) 115 \%

Burning current

Maximum 40 mA

Minimum 1.0 mA

Maximum negative anode voltage 80 Vv
CHARACTERISTICS

Maintaining voltage at I, — 20mA

Maximum 94 \4
Minimum 86 \
Burning current above which the incremental resistance
is positive 2 mA
Initial Over life (Note 2)
l,—=20mA l,—40mA

Increase in maintaining voltage
as burning current is increased
over the current range

Maximum 14 — — \"
Typical 12 13 15 \

Percentage variation of
maintaining voltage at running
current (room temperature)

In 1000 hrs. (maximum) — 41 +5 9
In 10,000 hrs. (typical) — |-3.5 +5 %

/0

OPERATING NOTES

1. This value covers operation in light or darkness. If the tube is to be
operated continuously at currents below 5mA a voltage of at least 125V
should be available.

2. These figures apply when the tube is operated continuously at the
currents stated.

3. Equilibrium conditions are reached within 3 minutes of igniting the
tube.
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90CI

STABILISING TUBE

47-5max

B7G Base
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STABILISING TUBE
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STABILISING TUBE 95A l
Miniature gas-filled tube with auxiliary ignition

electrode (priming anode) and intended for use as a
voltage stabiliser.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings)

*Min. voltage necessary for ignition 110 \4
Max. burning current 10 mA
Min. burning current 20 mA
Max. auxiliary anode current = 0.5 mA

CHARACTERISTICS (measured at 5mA)

Max. auxiliary anode ignition voltage 150 b4
*Max. ignition voltage 110 \
Burning voltage (variation from-tube to tube) 90 to 100 \%
Max. burning voltage difference over current
range 2 to 10mA : 5.0 \

*Auxiliary ignition eléctrade (priming anode) connected to 150V line
through a nominal 270k} resistor.
If the auxiliary/ ignition-electrode (prlmmg anode) is not used it
should be connected to the anode through a 3.3kQ resistor. Under
these conditjons.a line voltage of at least 150V will be required to
strike the tubé. i

OPERATING NOTES

i X

To obtain a good life a reverse current must not be drawn from this
tube. ~This condition is satisfied if any inverse voltage does not
exceed 85V.

Thekmakximum ignition voltage quoted is the greatest voltage which
is necessary to ignite any tube in the presence of an ambient illumin-

~ation of*5 to 50 foot-candles. A voltage of at least this value must be

available if reliability of ignition is to be obtained. In complete
darkness there may be some delay in igniting the tube.

The noise generated by the tube over the frequency range (50 to
5,000 ¢/s) and at a constant current (2 to 10mA) will be less than
15mVrm.s.
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STABILISING TUBE

95A I Miniature gas-filled tube with auxiliary ignition
electrode (priming anode) and intended for use as a
voltage stabiliser.
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STABILISING TUBE | 08 c I
108Volt gas-filled stabiliser with

current range 5.0 to 30mA.

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition in some

ambient light 133 v
Minimum voltage necessary for ignition in complete

darkness 210 \%
Maximum burning current 30 mA
Minimum burning current 50 mA
Maximum starting current 75 mA
Maximum ambient temperature limits -55to +90 °C
Maximum negative anode voltage 75 A

CHARACTERISTICS
Initial Over Life*

Maximum burning voltage at I, = 30mA
(all tubes) 112 114 \"

Minimum burning voltage at |, = 5.0mA
(all tubes) 105 101 v

Maximum difference between burning volt-
ages at l, = 30mA and [, = 5.0mA
(individual tube) 35 4.0 v

Typical difference between burning volt-
ages at l, = 30mA and [, = 5.0mA
(individual tube) 1.5 1.5 \%

Maximum percentage variation of burning
voltage at |, = 17.5mA during 1000
hours life +3.0 o

Typical percentage variation of burning
voltage at I, = 17.5mA during 1000
hours life +1.0 %

*This condition corresponds to an average current of 17.5mA

ISSUE 2 \v/ 108C1 3571



STABILISING TUBE

I 08 C I 108Volt gas-filled stabiliser with
current range 5.0 to 30mA.
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STABILISING TUBE

150 volt gas-filled voltage stabiliser with a
current range of 5 to 15mA.

15082

P
This data should be read in conjunction with the GENERAL
OPERATIONAL RECOMMENDATIONS—VOLTAGE STABILISER and
REFERENCE LEVEL TUBES which precede this section of the handbook.

LIMITING VALUES (absolute ratings)
Minimum voltage necessary for ignition (Note 1) 180 \
Burning current
Maximum 15 mA
Minimum 5.0 mA
Maximum negative anode voltage 130 \
CHARACTERISTICS (Note 2)
Initial values
Maintaining voltage at |, — 10mA
Maximum 154 \
Minimum 146 \
Burning current above which the incremental
resistance is positive 5.0 mA
Incremental resistance (approx.) at I, — 10mA 250 Q
Temperature coefficient of maintaining voltage
(approx.) at I, — 10mA 0.007 2, per °C
Typical maximum voltage jumps over current
range 10 to 15mA 75
~ Over life
Life performance Initial 1, — 10mA
Increase in maintaining voltage as burning
current is increased over the range
5to 15mA
Maximum 5.0 —_ Vv
Typical <4.0 6.0
Percentage variation of maintaining voltage
at running current (room temperature)
In 1000 hrs. (maximum) — +1.0 0
In 10,000 hrs. (typical) — +2.0 9
NOTES
1. This value covers operation in light or darkness.
.

2. Equilibrium conditions are reached within 3 minutes of igniting the tube

()
[Mullard]
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STABILISING TUBE
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STABILISING TUBE
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STABILISING TUBE I 50B3
Miniature gas-filled tube with auxiliary ignition

electrode (priming anode) and intended for use as a
voltage stabiliser.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings)

*Min. voltage necessary for ignition 170 \
Max. burning current 3 20 mA
Min. burning current 2.0 mA
Max. auxiliary anode current 0.5 mA

CHARACTERISTICS (measured at 10mA)

Max. auxiliary anode ignition voltage 240 \
*Max. ignition voltage ‘ 170 \
Burning voltage (variation from tube to tubg) 145 to 160 \
Max. burning voltage difference over current/ /
range 2 to 20mA 50 V

*Auxiliary ignitiop electrode,(priming anode) connected to 240V line
through a nominal 270k resistor.

If the auxiliary ignition €lectrode (priming anode) is not used, it
should be connécted to the anode through a 68k( resistor. Under
these conditions a tine voltage of at‘least 240V will be required to
strike the tube.

OPERATING NOTES

1. To obtain a good'life a reverse current must not be drawn from this
tube’- This_condition is satisfied if any inverse voltage does not
exceed 140V.

2. The maximum ignition voltage quoted is the greatest voltage which
is ‘necessary to ignite any tube in the presence of an ambient
illumination of 5 to 50 foot-candles. A voltage of at least this value

~.must be javailable if reliability of ignition is to be obtained. In
complete darkness there may be some delay in igniting the tube.

4. ~The noise generated by the tube over a frequency range (50 to
5,000 c/s) and at any constant current (2 to 20mA) is less than
15mMVr.m.s.
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STABILISING TUBE

I 5083 Miniature gas-filled tube with auxiliary ignition

electrode (priming anode) and intended for use as a
voltage stabiliser.

1881
19 mm
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STABILISING TUBE l 50 CZ
Gas-filled two-electrode tube intended

for use as a voltage stabiliser.

A
This data should be read in conjunction with’ the GENERAL
OPERATIONAL RECOMMENDATIONS — VOLTAGE STABILISER AND
REFERENCE LEVEL TUBES which precede this section of thé handbook.
LIMITING VALUES (absolute ratings)
Minimum voltage necessary for ignition 185 \
Burning current
~ Maximum 30 mA
Minimum 5.0 mA
Maximum negative anode voltage 140 Y’
Ambient temperature limits -55to 90
CHARACTERISTICS (measured/at 17.5mA)
Maintaining voltage 150 \
Maximum difference between maintaining vaoltages at
la = 30mA and I, ~/5:0mA 6.0 \
A Maximum percentage variation of maintaining voltage
during 1000 hours 2.0
OPERATING NOTES
1. The maximum ignition voltage quoted is the greatest voltage which is
necessary to ignite any tube in the presence of some ambient illumina-
tion. A voltage of at least this value must be available if reliability of
ignition is to be obtained. In complete darkness there may be consider-
able delay in igniting the tube. If instantaneous ignition is required in
darkness a voltage of not less than 225V is required.
2. Equilibrium conditions are normally reached after 3 minutes’ operation.
A
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I 50 c2 STABILISING TUBE

[1616 rmox Eal

67-5mm.
max.

B7G Base

h 4
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STABILISING TUBE

150Volt gas-filled stabiliser with
current range of 5.0 to 30mA.

150C4

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition in some
ambient light 185 \
Minimum voltage necessary for ignition in complete
darkness 225 \%
Maximum burning current 30 mA
Minimum burning current 5.0 mA
Maximum starting current 75 mA
Maximum ambient temperature limits -55to 190 C
Maximum negative anode voltage 125 N
CHARACTERISTICS
Initial Over life*
Maximum burning voltage at |, — 30mA
(all tubes) 158 161 \
Minimum burning voltage at [, 5.0mA
(all tubes) 142 139 Vv
Maximum difference between burning volt-
ages at |, — 30mA and |, 5.0mA
(individual tube) 5.0 8.0 A
Typical difference between burning volt-
ages at I, — 30mA and I, 5.0mA
(individual tube) 3.0 3.0 \%
Maximum percentage variation of burning
voltage at Iy = 17.5mA during 1000
hours life 3.0 A
Typical percentage variation of burning
voltage at I, — 17.5mA during 1000
hours life 1.0 o
*This condition corresponds to an average current of 17.5mA
Mullard
150C4 357-1
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STABILISING TUBE

I SOC4 150Volt gas-filled stabiliser with

current range of 5.0 to 30mA.

I9mm. |
?(_mox. >
) |
a |
| k l
g I
w3 F
o€ wno
] ~ €
)
%
B7G Base | l
k LLWUUW |
|
I
[
150C4 357-2
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STABILISING TUBE

Neon-filled two-electrode tube intended

for use as a voltage stabiliser.

4687

LIMITING VALUES (Absolute Ratings)

Min. voltage necessary for ignition 130 Vv
Max. burning current 40 mA
Min. burning current 10 mA
CHARACTERISTICS (Measured at 20 mA)
Max. ignition voltage 130 v
Burning voltage (variation from tube to tube) 90to 110 \
Max. incremental resistance 250 Q
29 mm max.
R

a /—\ I

| : ‘ i

U Ox %

ﬁ 73 ¢

E

K i I a €

~

0

a_%
\
1
| SIDE CONTACT BASE ‘
. o ey e |
A
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4687 STABILISING TUBE
Neon-filled two-electrode tube intended

for use as a voltage stabiliser.

v 4687

120

100 -

80

BEEE.

40

20

0 10 20 1 30 40 (m A

BURNING VOLTAGE PLOTTED AGAINST BURNING CURRENT
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SPECIAL QUALITY SUBMINIATURE
STABILISING TUBE

Special quality subminiature gas-filled 90V voltage stabiliser
for use in equipment where mechanical vibration and shocks
are unavoidable.

PRELIMINARY DATA

This data should be read in conjunction with GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER AND REFERENCE TUBES
which precede this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

LIMITING VALUES' (absolute ratings)

tMinimum voltage necessary for ignition
In some ambient light 130
In complete darkness 175

Burning current

Maximum 25

Minimum 5.0
Maximum starting current 60
Maximum negative anode voltage 75
Minimum ambient temperature -55
Maximum bulb temperature *

TThese values cover life.

mA
mA
mA

*Information on the performance of the tube at high bulb temperatures

(up to 220°C) can be supplied on request.

CHARACTERISTICS

Maximum maintaining voltage at 25mA

(all tubes over life) 108 \%
Minimum maintaining voltage at 5.0mA
(all tubes over life) 82 \4
Difference between maintaining voltages
at 25mA and 5.0mA (individual tube)
Maximum 5.0 \4
Typical 30 v
(R
[Mullard |
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STABILISING TUBE

SPECIAL QUALITY SUBMINIATURE

5644
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5644

SPECIAL QUALITY SUBMINIATURE

STABILISING TUBE
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SPECIAL QUALITY SUBMINIATURE
5644 STABILISING TUBE

3937 93-1016 |<—

| '__'1'

° 3
¢ 3 E

o @

+ @)

® 0

| l
k B8D/F Base

L" 38-Imin

All dimensions in mm MH M

The bulb and base dimensions of this tube are in accordance with BS448,
Section B8D/F

Note: Direct soldered connections to the leads of the tube must be at least 5mm
from the seal and any bending of the leads must be at least 1.5mm from the seal.

(@
[Mullard]
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STABILISING TUBE 7475

Neon-filled voltage stabiliser.

This data should be read in conjunction with the ‘GENERAL
OPERATIONAL RECOMMENDATIONS—VOLTAGE STABILISER AND
REFERENCE LEVEL TUBES’ which precede this section of the handbook.

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition 140 \4
Burning current
Maximum 80 mA
Minimum 1.0 mA
CHARACTERISTICS (measured at 4mA)
Maintaining voltage (variation from'tube to tube) 90 to 110 \
Incremental resistance 300 Q
3Nmm.Max.
K
K
© g
O O :
V:
O °
a
British 4-pin base
X S
Page 1
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7475 STABILISING TUBE

mA

7475
5
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\
20
1o

{o]0]
90
80
70

MAINTAINING VOLTAGE PLOTTED AGAINST BURNING CURRENT
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STABILISING TUBE 7475
Neon-filled voltage stabiliser.

~~
OPERATING CONDITIONS
V ignition max 140 v
V burning 90-110 \
I quiescent 4 mA
I max. 8 mA
I min. | mA
A.C. resistance 300 Q
~
31mm.MAK,
|
x
a
z
€
3
"
@
|
! BRITISH 4-PIN BASE
o~ a r_
()
[Mullard]
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7475 STABILISING TUBE
Neon-filled voltage stabiliser.

mA

7475

Lo
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20
110

0o
90
80
70
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COLD TUBE TYPE
CATHODE TUBES NOMENCLATURE

The type nomenclature for Mullard Cold Cathode Tubes (excluding photocells
and stabilisers) consists of one letter followed by a group of three figures which
are followed by a second letter.

The first letter is always Z, indicating a cold cathode gas-filled tube.

The first figure indicates the type of base, the significance of the figure being
the same as for Mullard Receiving Valves:—

2—B8G (loctal) base

3—Octal base

4—B8A base

5—B9G and other special bases

6 & 7—Subminiature construction
8—B9A (Noval) base

9—B7G base

The second and third figures are serial numbers indicating a particular design
or development.

The second letter indicates the function of the tube:

A—Amplifier tube (continuous operation)
B—Binary counter or switching tube
C—Multistage counter tube
E—Electrometer trigger or amplifier tube
G—Gating tube

M—Indicator (metering) tube
S—Multistage switching tube

T—Trigger tube

U—Trigger tube with auxiliary electrodes

Example:—

Z300T Cold cathode trigger tube with octal base.
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COUNTER AND OPERATING
SELECTOR TUBES NOTES

Construction

The Mullard counter and selector tubes consist of 30 identical
rod-shaped cathodes arranged in a circle concentric with the
common circular plate anode. The 30 cathodes are divided into
three groups of ten and arranged so that every third electrode
going around the ring belongs to the same group. The three groups
are called main cathodes, guide A cathodes, and guide B cathodes.
The order of the electrodes proceeding in a clockwise direction
around the tube as seen from the dome is a main cathode, a guide
A cathode, guide B cathode, next main cathode etc.

In both the counter tube and the selector tube all the guide A
electrodes are connected internally and brought out to a single pin.
The guide B electrodes are similarly connected and brought out.
In the counter tube the main cathodes 1 to 9 are connected together
internally and connected to a single pin. The 0 or tenth main cathode
is brought out separately so that the tube can be set to zero and also
an electrical output obtained for driving a succeeding tube. In the
selector tube all the main cathodes are brought out individually so
that an electrical output pulse can be obtained at any point around
the tube.

Function of the electrode groups

Main cathodes

The glow normally rests on a main cathode thus providing
indication, and electrical output may also be obtained from this
cathode. The position of the discharge may be seen through the
dome of the tube as an orange ‘cathode glow’ at the tip of the
cathode concerned. The position of the discharge can be related to
the number of input pulse by the use of an external numbered
escutcheon aligned so that the numbers coincide with the position
of the main cathodes.

Guide cathodes (A and B)

The function of the guide cathodes is to transfer the discharge
from one main cathode to the next on the receipt of an input signal.

(@
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OPERATING COUNTER AND
NOTES SELECTOR TUBES

Basic circuit

The basic circuit is shown in Figure 1 on the individual data sheets
and is essentially the same for both counter and selector tubes. An
h.t. voltage, normally 475V, (which is greater than the anode-cathode
ignition voltage) is applied to the circuit and breakdown to one of
the main cathodes will, therefore, occur. Breakdown to more than
one cathode cannot occur since conduction causes a voltage drop
across the anode resistor and reduces the anode voltage across the
tube to the maintaining voltage.

The transfer mechanism

The method usually employed to move the discharge around the
tube is to convert the input signal into a pair of negative pulses.
The first pulse is applied to all guide A cathodes followed immediately
by the second pulse applied to all guide B cathodes.

Assume that the discharge is resting on the third main cathode
ks: when the pulse is applied to guides A the voltage between anode
and guides A exceeds the ignition voltage and breakdown can
therefore occur. Because of the priming from the discharge to the
conducting main cathode ks, breakdown will always occur to the
adjacent guide A cathode GA,. The discharge to ks will be extin-
guished since the anode voltage falls by the magnitude of the applied
negative pulse. Similarly breakdown to GBs will take place on the
arrival of the second pulse and the potential of guides A will return
to the bias level. Finally at the end of the second pulse the potential
of guides B will also return to the bias level. The anode voltage rises
towards a potential equal to the guide bias plus the maintaining
voltage. However, when the anode to k; voltage exceeds the ignition
value the discharge will move to ki and the transfer has then
been completed. This sequence results in rotation in the
clockwise direction. Counting in the anti-clockwise direction can
be obtained by applying pulses to guides A and B in the
reverse order.
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COUNTER AND OPERATING
SELECTOR TUBES NOTES

Output pulse

A resistor is connected in series with ko (in Figure 1) so that an
output pulse can be obtained when the discharge rests on ko. This
resistor must be chosen so that when the glow rests on ko, the voltage
on ko does not exceed the positive guide bias. It is common practice
to take the earthy end of the resistor back to a negative bias
supply to obtain a larger pulse. However, the magnitude of the bias
should not at any time be more negative than -20 volts.

In the selector tube an output can be obtained by inserting a
resistor in series with any of the main cathodes.

The maximum value of the main cathode resistor for either selector
or counter is given by
(Ve + Vk=10) Ry
(Vnt = V= Vg +10)

and the output voltage for any value of Ry is

v ‘:(Vm - Vu + Vi) Ry
ou (R}\ T R“)

Rx max.—=

where Vy is the supply voltage
Vi is the maintaining voltage
Vg is the positive guide bias
Vi is bias to ko (numerical value only)
Ry is the cathode resistor
Ra is the anode resistor

Set zero

The discharge can conveniently be returned to ko, by momentarily
disconnecting all cathodes except ko. An alternative method is to
pulse ko negatively to —120 volts. Care must be taken if this method
is adopted that spurious pulses are not fed down the chain of counter
tubes at the termination of the pulse.
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DECADE COUNTER TUBE E I T

Indirectly heated decade counter tube
designed to operate at high counting
speeds.

The E1T is an indirectly heated decade counting tube designed to operate at
high counting speeds. A ribbon shaped electron beam is moved in a horizontal
plane and passes in succession through the ten apertures of a cylindrical anode,
and impinges on a fluorescent layer on the wall of the tube.

This tube is particularly suitable for use in computers, radiation counters and
industrial counting and batching applications.

With the circuit shown in this data the maximum counting speed is limited to
30 ke/s.

HEATER Suitable for series or parallel operation a.c. or d.c.

Vi 6.3 v
Iy 300 mA

MOUNTING POSITION Any, except with tube horizontal and the
fluorescent screen downward.

CAPACITANCES
Cajy_all 49 pF
Cag_all 10.5 pF
CXL&“ 3.5 PF
Cx”_anl 3.8 pF
Cgy_all 6.8 pF
Cea_all 7.7 pF
OPERATING CONDITIONS
*V 300 v
*Vy 300 \4
Vg, 300 v
Ve, 1194015  V
Vg’ 156-+1.5 \4
lgs 100 uA
Iy 950 uA
Ri 15 kQ+ 19,
Ray 39 kQC109),
Rus 1.0 MO+ 19,
Res 47 kQ+ 59,

*All voltages are quoted with respect to the chassis. Provided the
ratios of the supply voltages are strictly maintained by using a suitably
designed voltage divider consisting of 1%, precision resistors, there
is no need to stabilise the supply unit, voltage fluctuations of -+ 109,
then being permissible.

Note—The operation of this tube can be influenced by external
magnetic fields and for satisfactory operation the flux density of
these fields should not exceed 2 gauss in any direction.
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DECADE COUNTER TUBE

E I T Indirectly heated decade counter tube

designed to operate at high counting
speeds.

+300V
EIT

RI7
Fd> following

FIG.1
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DECADE COUNTER TUBE E I T

Indirectly heated decade counter tube
designed to operate at high counting
speeds.

ADDITIONAL NOTES

In order to move the ribbon beam from any one position to the next a
pulse of correct shape must be applied to the left hand deflection plate
A as shown in Fig. 1.

s The required pulse is shown in

g Fig. 2. The slope of the leading

edge should be at least 20 x10°¢

volts/sec, that of the trailing edge

should not exceed 1.2 x10° volts/

A sec. The amplitude of the pulse

should have an average value of

13.6 volts and must lie between
11.5 volts and 15.5 volts.

tan o > 20x10°V/sec
tan B < 12x10°V/sec

Fig. 2

When the beam is moved on from the 9th position it will strike the reset
anode a,;. The negative pulse thus produced must be employed to
generate two signals, one to reset the beam to its zero position and
another to act as a counting pulse for the 2nd E1T in the counting chain.

The reset pulse is negative going and is applied to the E1T control grid
so that the tube is temporarily cut off. The necessary reset time is a
function of the circuit used and imposes the limit on maximum counting
speed. However, if the reset pulse is too short the beam may return to
an intermediate position instead of to the zero position. Referring again
to the circuit of Fig. 1 the reset pulse should have an average duration of
27 2ysec with minimum and maximum limits of 23usec and 32usec
respectively. It is essential for operation at maximum counting speed
that the stray capacitance associated with anode(a,) be kept to a minimum.
The minimum amplitude of the reset pulse must be 27 volts.

CIRCUIT COMPONENTS

R1 68 kQ + 19, R10 560 kQ & 109,
R2 68 kQ+ 19, R11 5.6 kQ + 109,
R3 5.6kQ + 19, R12 39 kQ + 29,
R4 15 kQ + 29, R13 47 kQ £ 29
RS 39 kQ = 109, R14 27kQ & 29,
R6 15 kQ + 19, R15 1 kQ+ 19,
R7 330 kQ + 109, R16 33kQ = 29,
R8 47 kQ + 59, R17 150 kQ + 29,
R9 1 MOL 19,

c1 * C5 220 pF - 10%
c2 0.39 uF-- 209, C6 68 pF L 29
c3 0.15 uF+ 209, C7 680 pF - 59,
C4 6800 pF+ 109, c8 68 pF - 29,

*To preceding E90CC input pulse shaper (C1=6800pF--10%,) or pre-
ceding coupling stage pulse shaper (C1=680pF-1-5%,).

()

ISSUE 2

m\@ E1T 755-3



EIT

DECADE COUNTER TUBE

Indirectly heated decade counter tube
designed to operate at high counting
speeds.

CONSTRUCTIONAL DETAILS

The following letter symbols refer to the cross-sectional diagram.

h
k
s

&
b

g2
5

X

heater aux  auxiliary anode

cathode g3;.85 suppressor grids

screen g4 slotted electrode

control grid a, reset anode

beam-forming electrodes a, anode

accelerating electrode t conducting layer coated with
left deflection electrode fluorescent material

right deflection electrode

ISSUE 2
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DECADE COUNTER TUBE E I T

Indirectly heated decade counter tube
designed to operate at high counting
speeds.

30max:
A~ l‘

N

|3+l<—v——-—70 max. —

-

All dimensions in mm.
—

Mullard
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DECADE COUNTER TUBE

Cold cathode gas-filled bi-directional decade counter tube.
This tube has ten main cathodes, nine of which are brought
out together and one separately. It gives visual indication
and operates at speeds up to 4kc/s.

2303C

This data should be read in conjunction with OPERATING NOTES -
COUNTING AND SELECTOR TUBES preceding this section of the

handbook.
CATHODES

MOUNTING POSITION

Cold

Any

For visual indication the tube is viewed through the dome of the envelope.

ko is aligned with pin 6 to within +12°

4.0

CHARACTERISTICS
Maximum counting rate (sine or pulse drive)
Minimum time difference between two successive
input signals 250
Maintaining voltage at I, = 300pA 186 to 196
Minimum pulse required for forced resetting to ko 120
RECOMMENDED OPERATING CONDITIONS
Supply voltage 475
Bias voltage on k, -12
Anode load 820
Output cathode load 120
Anode current 340
Resultant output pulse 35
For double pulse drive
Guide bias -+40
Pulse amplitude 100
Pulse width 75
For integrated pulse drive
Guide bias +40
Pulse amplitude See fig. 1
Pulse width 75
For sine wave drive
Guide bias +10
Sine wave drive voltage (r.m.s.) 40 to 70
LIMITING VALUES (absolute ratings)
*Minimum supply voltage 350
Maximum voltage between any two electrodes
(except anode) 140
tMinimum positive guide bias for pulse drive and
integrated pulse drive at 4kc/s +35
Maximum k, negative bias =20
Minimum guide pulse width 65
Main and guide cathode current
Maximum 550
Minimum 250

*This limit applies in light and darkness.

ke/s

us
Vv
v

kQ

us

<<

tAt lower frequencies a lower value of positive bias can be used down to

an absolute minimum of +18V.
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Z303c DECADE COUNTER TUBE
Cold cathode gas-filled bi-directional decade counter tube.

This tube has ten main cathodes, nine of which are brought
out together and one separately. It gives visual indication
and operates at speeds up to 4kc/s.

300V £10% 475vV*10%

560k ¥ 5% 68kN 120k0% 5% 820kN*5%

82pF

s L

HEBYI
To coupling
stage

120kA%5% =en 120k0
% ‘ -12V£10%
12kQ) 100 I
t59, 0:25uF 21(0 :’orezs:r;o reset
<
All components®l0% unless otherwise stated.
FIG. 1. INTEGRATED PULSE DRIVE CIRCUIT
Input pulse: Amplitude = 30V; Rise time j_V = 108 v/s
t
— 300V *10% 475V210%
220k0
820kN* 5%
3300pF
56k0 56kN
ko of previous
stage G.
B82kN
Output
+40VI0%
-12V£i0%
Press to kQ Thi ; i ;
< s resistor is required only
- RESEE piReno if +40V bias is obtained

from a potential divider
77777 across the h.t. line.

All components *10% unless otherwise stated.

FIG. 2. INTEGRATED PULSE COUPLING CIRCUIT

In the above circuits where E88CC is specified the ECC81 may also normally
be used.
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DECADE COUNTER TUBE Z303c
Cold cathode gas-filled bi-directional decade counter tube.

This tube has ten main cathodes, nine of which are brought
out together and one separately. It gives visual indication
and operates at speeds up to 4kc/s.

A\
| +25V
arsvi32y
O:S5uF C
Input o—— 1} =
100k
Output
P
+9Vii0%
U o -2V
Press to reset &
to zero
’ /7
All components *10% unless otherwise stated.
Frequency(c/s) | 50| 100 | 200 | 5001000 | 2000 | 4000
Capacitor C(pF) | O-1| 0:05| 0:02 | 0-0I| O-005 | 0-002 | 0-00068
FIG. 3. CIRCUIT FOR SINE WAVE DRIVE
ol 27510295 |
oE mm i
Py ola \ﬁ%
0o
E
3 £
I: n
i [y
E b | B B
a GDB & . ‘ 2 €
2 | | £ £
o s /] N
oA /. OO \ nc I N oF T &
OQO i - s}
() O
NC O O ko
kisg  NC U U H
P
Octal Base -

ko is aligned with pin 6
to within+12°

)
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DECADE SELECTOR TUBE Zsozs
Cold cathode gas-filled bi-directional decade selector tube.

This tube has ten main cathodes all of which are brought
out separately. It gives visual indication and operates at
speeds up to 4kc/s.

™
This data should be read in conjunction with OPERATING NOTES -
COUNTING AND SELECTOR TUBES preceding this section of the
handbook.
CATHODES Cold
MOUNTING POSITION Any
For visual indication the tube is viewed through the dome of the envelope.
ky is aligned with pin 11 to within +12°
CHARACTERISTICS
Maximum counting rate (sine or pulse drive) 4.0 kc/s
Minimum time difference between two successive
— input signals 250 us
Maintaining voltage at I, = 300p.A 186 to 196 v
Minimum pulse required for forced resetting
to any main cathode 120
RECOMMENDED OPERATING CONDITIONS
Supply voltage 475 N
Bias voltage on output cathode -12 v
Anode load 820 kQ
Output cathode load 120 kQ
Anode current 340 pA
Resultant output pulse 35 \4
For double pulse drive
Guide bias +-40 v
Pulse amplitude 100 v
Pulse width 75 us
For integrated pulse drive
Guide bias +40 A
™ Pulse amplitude See fig. 1
Pulse width 75 us
For sine wave drive
Guide bias +10 \
Sine wave drive voltage (r.m.s.) 40 to 70 \
LIMITING VALUES (absolute ratings)
*Minimum supply voltage 400 A
Maximum voltage between any two electrodes
(except anode) 140 \
ftMinimum positive guide bias for pulse drive and
integrated pulse drive at 4kc/s +35 A%
Maximum negative bias to any main cathode -20 Vv
Minimum guide pulse width 65 us
Main and guide cathode current:
Maximum 550 uA
Minimum 250 uA
AN

*This limit applies in light and darkness.

tAt lower frequencies a lower value of positive bias can be used down to an
absolute value of 18V.

()
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Zsozs DECADE SELECTOR TUBE

Cold cathode gas-filled bi-directional decade selector tube.
This tube has ten main cathodes all of which are brought
out separately. It gives visual indication and operates at

speeds up to 4kc/s

300V10% 0 475V £10%

—

820kN*5%

560k % 5% 120kN 5%

56kN
GDB,
o ’/2E89\

5%

% o=12V10%
100
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FIG. 1. INTEGRATED PULSE DRIVE CIRCUIT
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FIG. 2. INTEGRATED PULSE COUPLING CIRCUIT

In the above circuits where E88CC is specified the ECC81 may also be
normally used.
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DECADE SELECTOR TUBE ZSOZS
Cold cathode gas-filled bi-directional decade selector tube.

This tube has ten main cathodes all of which are brought
out separately. It gives visual indication and operates at
speeds up to 4kc/s.

o
aa75v:§g\\//
V.
O5uF
Input o-———]
Qutput
+9Vil0%
-2V
Press to reset v;\\)
to zero -
’ 7
A7
All components *10% unless otherwise stated.
Frequency (c/s) 50| 100 | 200 | 500 | 1000 | 2000 | 4000
Capacitor C(pF) | O-1| 0:05| 0-02 | O:Ol | 0:005 | 0-002 | O-00068
FIG. 3. CIRCUIT FOR SINE WAVE DRIVE
)

ISSUEM 3 \V/ Z502S 758-3




25025

DECADE SELECTOR TUBE

Cold cathode gas-filled bi-directional decade selector tube.
This tube has ten main cathodes all of which are brought
out separately. It gives visual indication and operates at

speeds up to 4kc/s.

Bottom cap type CTI——
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SPECIAL QUALITY THYRATRONS GENERAL NOTES

These general notes include definitions and general test
procedures. They should be read in conjunction with the
data sheets for Special Quality Thyratrons. Where reference
should be made to a specific note, this is indicated on the
data sheet by an index number, e.g. Group quality level.?

1. Heater voltage. Life and reliability of performance are a function
of the value and degree of regulation of the heater voltage.
In order to achieve the maximum useful life the heater should
be maintained as close as possible to its rated value, and unless
specific recommendations are made on individual data sheets,
designers should aim to maintain the voltage at the valve pins
within +59% of the published nominal value.

2. Capacitances. Unless otherwise stated the capacitances quoted
are measured with the valve cold in a fully screened socket.
The measurements are made with or without an external
shield, as stated on the individual data sheets.

3. Limiting Values. The limiting values given on the data sheets are
absolute ratings. Absolute maximum ratings are limiting values
of operating and environmental conditions applicable to any
valve 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 valve manufacturer to
provide acceptable serviceability of the valve, taking no
responsibility for equipment variations, environmental varia-
tions, and the effects of changes in operating conditions due
to variations in the characteristics of the valve under con-
sideration and of all other electron 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 valve under the worst probable
operating conditions with respect to supply voltage variations,
equipment component variation, equipment control adjustment,
load variations, signal variation, environmental conditions,
and variations in characteristics of the valve under considera-
tion and of all other devices in the equipment.

Heater to cathode voltage. In the interests of reliability the
heater to cathode voltage should always be kept as low as
possible, and it is preferable to have the cathode positive
with respect to the heater.

Bulb temperature. In the interests of reliability the bulb
temperature should always be kept as low as possible.

(i

[Mullard]
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GENERAL NOTES SPECIAL QUALITY THYRATRONS

10.

i

12.

13,

14.

The A.Q.L. (Acceptable quality level) is the limit below which
the average percentage of defectives is controlled.

Maximum and minimum values for the individuals are the limits
to which valves are tested.

Maximum and minimum for lot average are the limits between
which the average value of the characteristic of a lot or batch
is controlled.

Lot standard deviation is the standard deviation of a single lot or
batch.

Bogey value is the target value.

Group quality level. This is the A.Q.L. over a whole group of tests.
Sub-group quality level. The A.Q.L. over a number of tests,
which do not constitute a complete group.

Glass envelope strain test.

(A) This test is carried out on a sampling basis and consists
of completely submerging the valves in boiling water at
a temperature between 97 and 100°C for 15 seconds and
then immediately plunging them in ice cold water for
5 seconds. The valves are then examined for glass cracks.

(B) This test is carried out on a sampling basis and consists
of completely submerging the valves in boiling water not
less than 85°C for 15 seconds and then immediately
plunging them in ice cold water not more than 5°C for
5 seconds. The valves are then examined for glass cracks.

Base strain test. This test is carried out on a sampling basis and
consists of forcing the pins of the valves over specified cones
and then completely submerging the valves and cones in
boiling water at a temperature between 97 and 100°C for 10
seconds. The valves and cones are allowed to cool to room
temperature before examining for glass cracks.

This test is carried out on a sampling basis under the conditions
detailed in the data.

Shock test. This test is carried out on a sampling basis and
subjects the valves to 5 blows of the specified acceleration in
each of 4 directions.

Inoperatives. An inoperative is defined as a valve having an
open or short circuited electrode, an air leak or a broken pin.

(@)
[Mullard]
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TRIODE THYRATRON

Triode inert-gas-filled thyratron with negative control
characteristic. Primarily ~designed for industrial
control applications.

ANI

This data sheet should be read in conjunction with * é/Ni
OPERATIONAL RECOMMENDATIONS—THYRA
this section of the Handbook.

LIMITING VALUES (absolute ratings, not design qentre/;

ONS AND
/precedmg

It is important that these limits are neyer cg(\céédéd and such variations
as mains fluctuations, component tolerdhce;?n% switching surges must
be taken into consideration in ayrmn& at—actual valve operating

conditions. e
\\,
Max. peak anode voltage )
Inverse Nl 1.3 kV
Forward i ’{/, 650 v
Max. cathode current 5
Peak il F 1] ] 20 A
Average (max. averagi?g {'m\we\ 5 secs.) (\\ ~/ /300 mA
Surge (fault prote; tlprvmax “duration 0. I 15 A
| &L /)
Max. negative control-gi‘rd\voTta)ge L
Before conductioh A \\/ 125 \
During condl!ctlon \\ 10 \4
I / ~. \\ s \\
Max. average po;mve control-grld current—for-anode
voltage nfore" posmve than 7’IF07V (averaging
time 1 C)’CL&)/ J 20 mA
Max. peak pos\twe control-grid cufrent duhng the
time t the anode voltage is more negative
than /—:‘;\?V\ 1.0 mA
Max. cantrel-gnd resistor 1.0 MQ
Max. peak: heater-cathode voltage
(Heater Ppositive 25 Vv
H‘e\‘g\ r\/negative 100 \
Héatqt;yp\]gage limits 3.7 to 4.3 v
Min.‘vi\?} heating time 30 s
Ambient temperature limits -75 to +90 "C
e )
ISSUE 2 (Formerly ME1502) m\g' AN1  454-1



AN I TRIODE THYRATRON
Triode inert-gas-filled thyratron with negative control

characteristic. ~ Primarily designed for industrial
control applications.

CHARACTERISTICS
Electrical
Heater voltage 4.0 \
Heater current at 4.0 V
Average 1.45 A
Maximum 1.6 A
Anode to control-grid capacitance 3.3  puF
Control-grid to cathode capacitance 4.5 uuF
Deionisation time (approx.) 500 us
Anode voltage drop (approx.) 9 \
Control ratio 28
Mechanical
Type of cooling Convection
Mounting position Any
: 1.4 oz
Max. net weight 40 -
v
a \
x
(=]
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h £
9— £
Q
(2 \
a |
| ‘
i British 5-Pin
k h h Base
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ANI

Primarily designed for industrial

Triode inert-gas-filled thyratron with negative control

TRIODE THYRATRON

“
<
o
P~}
- O
LU
S =
o a
= Qo
S5
al
o g
]
S c
£ S
SR V]

(70 wa)oA

(oo}

T e
M = 4+ +—+4+4 4+ o 1 S T T - i G -
A N =44 S
BENNNaSan T ]
) INNEEEE ] SESNNESEN
s IEmEEE. T B

Vg (V)-30

CONTROL CHARACTERISTIC

454-3

AN1

(@
N7

ISSUE 2 (Formerly ME1502)



AN I TRIODE THYRATRON
Triode inert-gas-filled thyratron with negative control

characteristic.  Primarily designed for industrial
control applications.
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GAS-FILLED TRIODE EN3 I

Thyratron for use in h.f. time bases
and control equipment.

" N
HEATER
Va 6.3 \%
In 1.3 A
CAPACITANCES
Cin 6.1 pF
Cout 42 pF
Cag e 2.3 pF
Cg_h <1.5 pF
~—
OPERATING CONDITIONS AS TRIODE
Va_g (pk) Max. 1.5 kV
Va (pk) MaX. 1.0 kV
la max. 10 mA
ia (pk) Max. 750 mA
Rg_x min. 750 Qv
Rg. x max/ / /5750 kQ
Vh_kx max. (cathode positive) 100 \
Vi x max; (cathode negative) 0 \
Valve yoltage/drop 33 \%
Control ratio 35
f max. { 150 ke/s
™ OPERATING CONDITIONS '/AS HALF WAVE RECTIFIER
(Grid connected to cathode)
Vyi-max. 350 \'
loyg ™Max. / . 40 mA
Rum min. d 100 Q
C max. 6 uF
Vh_x max. 100 %
P
()
[Mullard]
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EN3 I GAS-FILLED TRIODE
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TETRODE THYRATRON EN 32
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for industrial control
applications.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS,

preceding this section of the handbook.

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating

conditions.

Max. peak anode voltage

Inverse 1.3

Forward 650
Max. cathode current

Peak 2.0

Average (max. averaging time 15s) 300

Surge (fault protection max. duration 0.1s) 10
Max. negative control-grid voltage

Before conduction 250

During conduction 10

Max. average positive control-grid current for anode
voltage more positive than —10V (averaging time

1 cycle) 20
Max. control-grid resistance

l<<200mA 10

la>200mA 2.0
Max. negative shield-grid voltage

Before conduction 100

During conduction 10

Max. average positive shield-grid current for anode
voltage more positive than —10V (averaging time

1 cycle) 20
Max. screen-grid resistor 1.0
Max. peak heater-cathode voltage

Cathode negative 25

Cathode positive 100
Min. valve heating time (for ixpk, max = 2.0A) 20
Ambient temperature limits -75to +90

mA

MQ
MQ

mA
MQ

°C

Note—Where circuit conditions permit, the shield-grid should be

connected directly to the cathode.

(@)
[Mullard]|
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EN 32 TETRODE THYRATRON
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for industrial control
applications.

CHARACTERISTICS
Electrical
Heater voltage 6.3 \
Heater current at 6.3V 950 mA
Capacitances
Anode to grid 025 pF
Anode to cathode 0.06 pF
Grid to cathode 0.2 pF
Anode to shield-grid 3.0 pF
Control ratio
go to k and Rg;=0Q 275
g1 to k and Rgo=0Q 370
Anode voltage drop 10 v
Recovery (deionisation) time
Va=650V, iapr,=2A, Rg1 =100k
Vg1 =-100V 240 us
Vg1=-50V 1.0 ms
Mechanical
Type of cooling Convection
Mounting position Any

CONTROL CHARACTERISTIC (See page 5).

The curves given indicate the spread in characteristics due to:
(a) Variations in characteristics due to changes in heater voltage.
(b) Variations in characteristics during life.
(c) Variation in grid resistor.

T l
X
£
NP 3
o © Al E (7 g
a Q ©)\ 92 ,Q £
NP °© ©© h @
h K
i
Octal Base JT U v
_33mm__|
max
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TETRODE THYRATRON

Tetrode inert gas-filled thyratron with negative control
characteristic.

EN32

Primarily designed for industrial control

applications.
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EN 32 TETRODE THYRATRON

Tetrode inert gas-filled thyratron with negative control
characteristic. Primarily designed for industrial control

applications.
4720 EN32
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TETRODE THYRATRON EN 32

Tetrode inert gas-filled thyratron with negative control
characteristic. Primarily designed for industrial control
applications.
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EN 32 TETRODE THYRATRON
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for industrial control
applications.
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SUBMINIATURE TETRODE
THYRATRON

Subminiature tetrode inert gas-filled thyratron with
negative control characteristic.

LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded/and such variations as
mains fluctuations, component tolerances and switching/surges must be
taken into consideration in arriving at actual valve operating conditions.

Max. peak anode voltage

Inverse 500 \

Forward 500 \
Max. cathode current

Peak 100 mA

Average (max. averaging time 15s) 20 mA
Max. negative control-grid voltage

Before conduction 200 \4

During conduction 10 \

Max. average positive control-grid currentfor anode

voltage more positive than =10V, (averaging

time 1 cycle) 700 A
Max. peak positive control-grid current) during the

time that the anode voltage is more positiv

than 10V ; 20 mA

Max. peak positive control-grid-current during the
time that the anode voltage is more negative
than -10V i 30 A
Max. control-grid resistor 10 MQ
*(Recommended min. control-grid resistor 100k{())

Max. negative shield-grid voltage -
Before conduction 100 \
During conduction 5.0 \

Max. average positive shield-grid current for anode
voltage more- positive than -10Y (averaging

time 1 cycle) 700 A

**Max. shield-grid resistor 1.0 MQ
Max. peak heater to cathode voltage

Cathode negative 25 \%

Cathode positive 100 \%

Heater voltage limits 5.7 to 6.9 \

Min. valve-heating time 10 s

Max. operating frequency 100 c/s

Ambient temperature limits -55to +70 9%

#It is not desirable that the control-grid should be positive when
the anode is more negative than -10V, but where this condition is
unavoidable the control-grid resistor may need to be greater
than the recommended minimum value.

**Where circuit conditions permit, the shield-grid should be con-
nected directly to the cathode.

[Mullard |
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EN70 SUBMINIATURE TETRODE
THYRATRON

CHARACTERISTICS
Electrical
Heater voltage 6.3 \%
Heater current at 6.3V
Average 150 mA
Maximum 165 mA
Anode to control-grid capacitance 0.08 pF
Input capacitance 1.1 pF
Output capacitance 1.2 pF
lonisation time (approx.) 0.5 us
Anode voltage drop 1 \
Critical control-grid current at V, = 350V, . s, 0.2 uA
Mechanical
Type of cooling Convection
Mounting position Any
Note—Direct soldered connections to the leads of this valve
must be at least 5mm from the seal and any bending of the
valve leads must be at least 1.5mm from the seal.
Max. net weight 0.1 oz
3.0 g
TYPICAL OPERATING CONDITIONS
Heater voltage 6.3 \
R.M.S. anode voltage 150 \
Shield-grid voltage 0 \%
R.M.S. control-grid voltage 5.0 \
(180° out of phase with anode voltage)
*Peak control-grid signal voltage 5.0 \
Control-grid circuit resistance 1.0 MQ
Anode circuit resistance 375 kQ

*The frequency of the signal is high compared with 50c/s

APRIL 1959 (1) v Page D2



SUBMINIATURE TETRODE

THYRATRON

Subminiature tetrode inert gas-filled thyratron with

negative control characteristic.
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SUBMINIATURE TETRODE
THYRATRON

Subminiature tetrode inert gas-filled thyratron with

negative control characteristic. o
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CONTROL CHARACTERISTIC
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SUBMINIATURE TETRODE
THYRATRON

Subminiature tetrode inert gas-filled thyratron with
negative control characteristic.
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SUBMINIATURE TETRODE
THYRATRON

Subminiature tetrode inert gas-filled thyratron with
negative control characteristic.
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TETRODE THYRATRON

Tetrode inert gas-filled thyratron with negative control
characteristic. Primarily designed for use in relay or

EN9I

(2D21)

grid-controlled rectifier circuits.

This data sheet should be read in conjunction with ‘* DEFINITIONS AND

OPERATIONAL RECOMMENDATIONS—THYRATRONS ',

this section of the Handbook.
LIMITING VALUES (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating

conditions.
Max. peak anode voltage
Inverse 1.3
Forward 650
Max. cathode current
Peak 500
Average (Max. averaging time 30 secs.) 100
Surge (Fault protection max. duration 0.1 secs.) 10
Max. negative control-grid voltage
Before conduction 100
During conduction 10

Max.

Max.

average positive control-grid current for anode
voltage more positive than -10 V (averaging time
1 cycle) 10
peak positive control-grid current during the
time that the anode voltage is more positive
than =10 V 50

*Max. peak positive control-grid current during the

time that the anode voltage is more negative

than 10V 30
Max. control-grid resistor 10

*(Recommended min. control-grid resistor 0.1 M Q)

Max. negative shield-grid voltage

Before conduction 100

During conduction 10
Max. average positive shield-grid current for anode

voltage more positive than -10V (averaging

time 1 cycle) 10

**Max. shield-grid resistor 1.0

Max. peak heater-cathode voltage

Heater positive 25

Heater negative 100
Heater voltage limits . 5.7 to 6.9
Min. valve heating time 10
Max. operating frequency 500
Ambient temperature limits -75 to +90

preceding

kV
V4

mA
mA
A

mA

mA

wA
MQ

mA
MQ

\
v

\%
s
c/s
°c

*It is not desirable that the control-grid should be positive when the
anode is more negative than =10 V, but where this condition is unavoidable
the control-grid resistor may need to be greater than the recommended
minimum value.

**Where circuit conditions permit, the shield-grid should be connected
directly to the cathode.

()
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EN9 I TETRODE THYRATRON
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for use in relay or

(2D21) grid-controlled rectifier circuits.
CHARACTERISTICS
Electrical
Heater voltage 6.3 \
Heater current at 6.3 V
Average 0.60 A
Maximum 0.66 A
Anode to control-grid capacitance 0.03 puF
Control-grid to cathode and shield-grid capacitance 25 uuF
Deionisation time (approx.)
(@) Vg=-100V, 13=100 mA 35 us
(b) Vg= =10V, 13=100 mA 75 us
lonisation time (approx.) 0.5 us
Anode voltage drop 8 b
Critical grid current at V3—=460 V r.m.s. 0.5 A
Mechanical
Type of cooling Convection
Mounting position Any
. 0.5 ;
Max. net weight {14 ozg
16 19 mm.
a max
!
h x
h 9 x
0% = £ 2
92 E
g k{ © O |a El E
b o o N E
<
91 92 @
)1
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kK h h ——L
()
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TETRODE THYRATRON EN9 I
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for use in relay or

P grid-controlled rectifier circuits. (2D21)
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EN9 l TETRODE THYRATRON

Tetrode inert gas-filled thyratron with negative control
2D21 characteristic. Primarily designed for use in relay or
( ) grid-controlled rectifier circuits.
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TETRODE THYRATRON EN9 I

Tetrode inert gas-filled thyratron with negative control
characteristic. Primarily designed for use in relay or 2D24
grid-controlled rectifier circuits. ( )
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EN9 | TETRODE THYRATRON
Tetrode inert gas-filled thyratron with negative control

characteristic. Primarily designed for use in relay or

(2D21) grid-controlled rectifier circuits.
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TETRODE THYRATRON EN92
25mA tetrode inert gas-filled thyratron with negative con-

trol characteristic. Primarily intended for industrial control
applications.

This data should be read in conjunction with DEFINITIONS AND
GENERAL OPERATIONAL RECOMMENDATIONS—THYRATRONS
which precede this section of the handbook.

PRELIMINARY DATA

LIMITING VALUES (absolute ratings, not design centre)
It is important that these limits are never exceeded and such variations as

mains fluctuations, component tolerances and switching surges must be
taken into consideration in arriving at actual valve operating conditions.

Max. peak anode voltage

Inverse 500 \

Forward 500 \
Max. cathode current

Peak 100 mA

Average (max. averaging time = 30s) 25 mA

Surge (fault protection, max. duration = 0.1s) 2.0 A
Max. negative control-grid voltage

Before conduction 100 \

During conduction 10 Vv

Max. positive control-grid current for anode voltage more
positive than =10V

Peak 25 mA<—
Average (averaging time 1 cycle) 50 mA
Max. peak positive control-grid current for anode voltage
more negative than -10V 30 uA
Max. control-grid resistor
Grid-controlled rectifier service 10 MQ
Stand-by service 100 k€

. oy - | i : IS leC)
¥ STRCHOCa P o =

Max. negative shield-grid voltage

Before conduction 50 \
During conduction 10 \
Max. average positive screen-grid current for anode voltage
more positive than =10V 50 mA
Max. peak heater-to-cathode voltage
Cathode negative 25 %
Cathode positive 100 \
Min. valve heating time 10 s
Ambient temperature limits -55 to +90 o

Note: Where circuit conditions permit the shield-grid should be connected
directly to the cathode.

Mullard
JANUARY 1959 (1) Page D1




EN92 TETRODE THYRATRON

CHARACTERISTICS
Electrical
Heater voltage 6.3
Heater current at 6.3V 150
Capacitances
Ca gl 003
Cin 2.0
Cout 15
Control ratio
g1 to k, with Rgz = 0Q 250
g2 to k, with Rg = 0Q 15
Anode voltage drop 10
Recovery (deionisation) time (20us pulse)
Va = 500V, ixpk) = 100mA. Ry = 50k
Vg = =50V 40
Critical grid current at V, — 350V r.m.s. 0.5
Mechanical
Type of cooling Convection
Mounting position Any

CONTROL CHARACTERISTIC (see page C4)

The curves given indicate the spread in characteristics due to:

(a) Variations in characteristics due to changes in heater voltage.

(b) Variations in characteristics during life.
(c) Variation in grid resistor.

13539 L 19mm_
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TETRODE THYRATRON EN92
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EN92 TETRODE THYRATRON
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TETRODE THYRATRON EN92
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EN92 TETRODE THYRATRON
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SPECIAL QUALITY

TETRODE THYRATRON

100mA special quality tetrode xenon thyratron with

negative control characteristic for use in equipment where mechanical vibration

and shocks are unavoidable and where statistically controlled major electrical
characteristics are required.

PRELIMINARY DATA

This data should be read in conjunction with the GENERAL NOTES -

SPECIAL QUALITY THYRATRONS preceding this section of the hand-

book, and the index numbers are used to indicate where reference
should be made to a specific note.

LIMITING VALUES® (absolute ratings, not design centre)

It is important that these limits are never exceeded and such variations
as mains fluctuations, component tolerances and switching surges must
be taken into consideration in arriving at actual valve operating conditions.

Relay service and Pulse
grid-controlled modulator
rectifier service
*Max. anode supply voltage — 500 \%
Max. peak anode voltage
Inverse 1300 100 \%
Forward 650 500 \
Max. cathode current
Peak 0.5 10 A
Average (max. averaging
time 30s) 100 10 mA
Surge (fault protection
max. duration 0.1s) 10 10 A
Max. negative control-grid voltage
Before conduction 100 100 \
During conduction 10 10 \%

Max. average positive control-grid cur-
rent for anode voltage more positive
than -10V (averaging time 30s) 10 — mA

Max. peak positive control-grid current
during the time that the anode voltage
is more positive than -10V 50 20 mA

Max. peak positive control-grid current
during the time that the anode voltage

is more negative than —10V 30 — A
Max. control-grid resistor 10 0.5 MQ

Recommended min. control-grid
resistor 100 — kQ

Max. negative shield-grid voltage
Before conduction 100 50 N
During conduction 10 10 \4
(R
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8204 SPECIAL QUALITY
M TETRODE THYRATRON

Max. average positive shield-grid current
for anode voltage more positive than

-10V (averaging time 30s) 10 — mA
Max. shield-grid resistor — 25 kQ
Max. peak heater to cathode voltage

Cathode negative 25 0 4
Cathode positive 100 0 Vv
Heater voltage 6.3V1+10% 6.3V G 1_3‘?5
Min. valve heating time 20 20 s
Ambient temperature limits -75 to +90 -75 to +90 %€
Max. pulse duration — 5.0 us
*Max. pulse repetition frequency — 500 Cs
Max. duty cycle — 0.001
Max. rate of rise of current pulse — 100 Alus

*After completion of a pulse a 20us delay is required before a positive

voltage of more than 10V is applied to the anode.

CAPACITANCES®
Anode to control-grid —
Control-grid to cathode and shield-
grid —

F
©)
«Q
\®]

B7G Base

003  pF

|
S4-Smm max 4-1

i ‘«47~5mm max-—>
|

The bulb and base dimensions of this valve are in accordance with BS 448, Section

JANUARY 1959 (1) \v/
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M8204

SPECIAL QUALITY
TETRODE THYRATRON
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SPECIAL QUALITY
TETRODE THYRATRON

M8204
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M8204

SPECIAL QUALITY
TETRODE THYRATRON
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SPECIAL QUALITY 8204
TETRODE THYRATRON M
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M8204 SPECIAL QUALITY
TETRODE THYRATRON
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SPECIAL QUALITY
TETRODE THYRATRON

M8204
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4 SPECIAL QUALITY
M8 TETRODE THYRATRON
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COLD CATHODE GAS-FILLED TRIODE Z300T
Cold cathode inert gas-filled triode designed for use as a

general purpose trigger tube. (1267)
CATHODE Cold
CHARACTERISTICS
Typical anode to cathode breakdown voltage with
trigger connected to cathode 255 \
Typical anode to cathode burning voltage (at 25mA) 70 v
Typical trigger to cathode breakdown voltage 85 \
Typical trigger to cathode burning voltage 60 v
LIMITING VALUES (Absolute Ratings)
With anode and trigger both positive
Maximum anode voltage at which self ignition will
not occur in any tube. (trigger voltage=0V) 225 v
Minimum anode voltage necessary for self ignition
of all tubes. (trigger voltage=0V) 310 v
Minimum trigger voltage necessary to cause trigger
breakdown in all tubes 90 v
Maximum trigger voltage at which trigger break-
down will not occur in any tube 70 v
Minimum trigger to cathode current necessary to
cause transfer in all tubes (V,=140V) 100 vA
Maximum permissible cathode current
Peak 100 mA
Average (max. averaging time 15 secs) 25 mA

OPERATING NOTES

(a) Itis recommended that strong light such as direct sunlight should not
be allowed to fall on the tube when it is operating.

(b) The typical breakdown characteristic shows the potentials at which
breakdown will occur between different electrodes of a typical tube.
If the tube is to remain unstruck, the applied voltages must be
represented by a point inside the characteristic. Any excursion of the
working point into the region outside the characteristic will result
in ignition.

(c) This tube is recommended for operation only in quadrant 1 of the
breakdown characteristic, i.e. with anode and trigger both positive.

The limits within which all tubes fall in the first quadrant are
shown under ‘‘Limiting Values’’.

ISSUE 3 (Formerly 1267) \v/ Z300T 115441
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COLD CATHODE GAS-FILLED TRIODE

Cold cathode inert gas-filled triode designed for use as a

general purpose trigger tube.

(1267)
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COLD CATHODE GAS-FILLED TRIODE Z300T
Cold cathode inert gas-filled triode designed for use as a )

general purpose trigger tube. (1267)
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AVERAGE TRANSITION CHARACTERISTIC
(Trigger current required to initiate anode-to-cathode ignition)
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Z300T COLD CATHODE GAS-FILLED TRIODE
Cold cathode inert gas-filled triode designed for use as a

(1267) general purpose trigger tube.
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SUBMINIATURE COLD CATHODE
TRIGGER TUBE Z700U
Subminiature cold cathode trigger tube with primer cathode

and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to Skc/s.

To ensure that the characteristics of the tube are maintained in both
light and darkness a priming discharge of some 3u.A flowing continuously
between anode and priming cathode is necessary.

PRELIMINARY DATA

CATHODE cold
CHARACTERISTICS

t*Trigger ignition voltage (V, = 250V d.c.) 137 to 153 v
Recommended anode working voltage range 200 to 310 \'
*Anode to cathode maintaining voltage (I, = 3mA) 111 to 121 A
Typical trigger to cathode maintaining voltage (see page 6) 115 A4
Recommended average cathode current range 20t0 4.0 mA
Recommended priming cathode resistor 18 MQ
Minimum anode to priming cathode supply voltage 200 Vv

tThe drift in trigger ignition voltage per tube is generally less than 3V.
However, when the tube is ignited for very long periods, drawing negative
starter current, a shift of trigger ignition voltage up to 175V may occur.

TRANSFER REQUIREMENTS

Current triggering:
*Maximum transfer current (V, = 250V) 30 uA

*These limits apply over life.

LIMITING VALUES (absolute ratings)

Maximum anode voltage 310 A%
Maximum cathode current
Peak 16 mA
Average (max. averaging time 1s) 40 mA
Maximum negative trigger current See note 4

OPERATING NOTES
1. The trigger and priming cathode resistors should be mounted close to the
tube.

2. Direct soldered connections to the leads of this tube must be at least 5Smm
from the seal and any bending of the tube leads must be at least 2.0mm
from the seal.

3. Ifatubeis ignited with short pulses (20us), the total trigger voltage (bias-+
pulse) must exceed 153V. A typical value with a 100pF coupling capacitor
is 175V.

4. With the tube ignited the negative trigger current must not exceed 100uA.

5. The tube should not be mounted in contact with external conductive
elements or spurious triggering may occur.

Mullard
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SUBMINIATURE COLD CATHODE
TRIGGER TUBE

Subminiature cold cathode trigger tube with primer cathode
and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to Skc/s.
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SUBMINIATURE COLD CATHODE
TRIGGER TUBE Z U
Subminiature cold cathode trigger tube with primer cathode

and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to Skc/s.
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SUBMINIATURE COLD CATHODE
Z TRIGGER TUBE
Subminiature cold cathode trigger tube with primer cathode

and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to Skc/s.
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SUBMINIATURE COLD CATHODE
TRIGGER TUBE Z
Subminiature cold cathode trigger tube with primer cathode

and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to Skc/s.
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SUBMINIATURE COLD CATHODE
Z7 U TRIGGER TUBE

Subminiature cold cathode trigger tube with primer cathode
and ignited by a positive trigger potential. Primarily intended for use in decade counting
and switching circuits up to maximum counting speeds in the region of 2 to 5Skc/s.
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COLD CATHODE TRIGGER TUBE
Long life cold cathode inert gas-filled tube with stable

trigger striking characteristics. Primarily intended for use
in timers, voltage control and sensitive relay applications.

The predominant characteristic of the Z803U is its very stable trigger
ignition voltage. To ensure that the characteristics of the tube are main-
tained in both light and darkness a priming discharge of some 10 1A flowing
continuously between priming anode and cathode is necessary. Apart
from the priming discharge the tube behaves as a triode trigger tube. It is
designed for operation with positive voltages on the anode and trigger.

CATHODE Cold
CHARACTERISTICS
Nominal trigger ignition voltage 132
Recommended anode voltage working range 170 to 290
Nominal anode to cathode maintaining voltage 105
Typical trigger to cathode maintaining voltage 95
Priming current range 2.0 to 25
*Recommended priming discharge resistor 10
Deionisation time (approx.): ikpk) 0 to 20mA 3.5
20 to 60mAT 16
lonisation time: Vir = Vo (ignition, 0.5V approx. 2
VTr = V’J‘r (Ignition) :‘4-0V 0.1

Transfer requirements

1. Current triggering (see page C3):

Max. transfer current over life (V, = 240V) 25
2. Capacitor triggering (see fig. 1):

Min. value of C1

Va min. **R4 max. C1 min.

V) (k) (PF)

170 2.2 2700

200 2.2 1000

240 2.2 500

Minimum value of trigger resistance R4**

C1 <4700pF 0
4700 to 15,000pF 2.2
>15,000pF 5.6

wA

Q
kQ
kQ

Guidance on lower values of C1 suitable for pulse firing circuits is available

on request.

Unless otherwise stated all resistors are -209.

*This resistor must be soldered directly to pin 6 of the valve socket. Stray

capacitance at the priming anode must be kept to a minimum.

tIn self-extinguishing circuits the deionisation time is much shorter.

**See Operating Notes 2 and 4.

(@
[Mullard]
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2803u COLD CATHODE TRIGGER TUBE

LIMITING VALUES (absolute ratings)

Maximum anode voltage 290 Vv
Maximum peak positive trigger current (see 4.3) 80 mA
Trigger ignition voltage range (all tubes initial value)
Vay = 280V 128 to 137 \4
Maximum increase in trigger ignition voltage when anode
voltage is changed from 290V to 170V 1.0 LA
Minimum priming anode supply voltage 150 \

Maximum cathode current and trigger stability.

Self-extinguishing General operation
circuit
Maximum cathode current
Average 0.8 8.0 25 mA
Peak 200 50 100 mA
Max. averaging time 0.5 15 15 s
Max. variation of trigger ignition
voltage per 2000 hrs. L2 12 12 o,
Typical variation of trigger igni-
tion voltage per 10,000 hrs. < 12 <+2 2 %

Typical variation of trigger igni- o
tion voltage per 20,000 hrs. < -+2 = =

*Over long periods a systematic drift of -0.79;, per 1000 hrs. may be expected.
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COLD CATHODE TRIGGER TUBE 2803U

TRIGGER
VOLTAGE I
i

| ?/ SWA )

OPERATING NOTES
1. ANODE VOLTAGE SUPPLY

A basic circuit for a number of applications is shown in Fig. 1. To ensure
reliable operation of the tube the anode voltage must lie within the pub-
lished range of 170 to 290V. Above 290V the tube may fire spontaneously,
whilst below 170V a trigger discharge can fail to initiate an anode-to-
cathode discharge and also the priming discharge may not be established.
To obtain a high stability of trigger ignition it is essential to have a priming
discharge flowing during any period in which the tube is to be triggered.
R1 determines the magnitude of the anode-to-cathode current which
must always fall within published limits. R2 determines the priming current
and should be of the order of 10MQ.

2. TRIGGERING THE TUBE

The Z803U can be triggered either by the discharge of a capacitor between
trigger and cathode or by a direct current flowing between trigger and
cathode.

241 Capacitive triggering

The basic circuit is shown in Fig. 1; minimum values for C1 are quoted in
the data. A limiting resistor R4 equal to that quoted in the data is essential
to prevent an excessive rate of discharge of the capacitor C1, causing
damage to the tube.

(@
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2803U COLD CATHODE TRIGGER TUBE

2.2

R3 is the charging resistance in the trigger circuit. The minimum value
of R3 is limited to 1MQ in circuits in which the trigger discharge must be
self-extinguishing but if external extinguishing circuits are provided,
such as switch SWA then R3 need only be sufficient to limit the trigger
current to within the permitted limits. The maximum value of R3 is set
by a pre-ignition trigger current of the order of 4.« 10-8A, which commences
to flow at trigger voltages approximately 100mV below the trigger ignition
voltage. Thus if R3 is made too large, the voltage at the trigger will not reach
the ignition value.

Direct current triggering

The basic circuit is as shown in Fig. 1 with C1 and R4 omitted. The curve
on page C3 shows the d.c. trigger current (transfer current) required to
cause anode-cathode conduction as a function of the applied anode voltage.
To ensure that anode-cathode conduction occurs when the input voltage

V'J‘r (ignition) = Vma[nt.

reaches Vrrr (ignition), the trigger resistance R3; < where

Ilruns

lirans is the d.c. trigger current to cause anode conduction at the applied
anode voltage. If R3 is made greater than this value, the input voltage must
be greater than Vir (ignition, to obtain anode conduction, the actual value
being determined by a number of parameters.

3. EXTINGUISHING THE TUBE

To extinguish the tube it is necessary to reduce both the trigger-cathode
and anode-cathode voltages below their respective maintaining voltages
for a period longer than the deionisation time. It is preferable that this is
done by lowering both the anode and trigger voltages so that the priming
discharge is not extinguished. If the tube is extinguished by raising the
cathode potential, the duration of the applied pulse should be less than
10ms, unless a period of 1s is allowed for the priming discharge to be
re-established.

4. MISCELLANEOUS NOTES

4.1

4.2

Cathode loads

If a load resistor is inserted in the cathode lead the cathode potential will
be slightly positive due to the flow of priming current, and thus the trigger
voltage must rise by this extra amount to reach the ignition voltage. It
should be noted that when a cathode load is employed the earthy end
of C1in Fig. 1 should be connected directly to the cathode asshown in Fig. 2.
Unless this is done the cathode load is in series with the discharge limiting
resistor R4 and will cause unreliable triggering.

Hysteresis effect

There is a hysteresis effect associated with the trigger and anode break-
down voltages. The effect is that the trigger and anode breakdown voltages
are both lowered after a period of conduction, and return to their initial
values after a recovery period.

APRIL 1959 (1)
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COLD CATHODE TRIGGER TUBE 2803U

4.3

4.4

The magnitude of the effect is proportional to the duration of conduction
and the magnitude of the cathode current during conduction.

Curves showing the maximum depression of trigger ignition voltage for
a repeated sequence of ‘on’ and ‘off’ periods are shown on page C2 as a
function of the ‘off’ period. These curves are for constant ‘on’ periods of
10ms. It takes about 20s of repeated cycling to reach this maximum
depression.

The temporary anode breakdown voltage depression is only important
in applications in which long ‘on’ periods are followed by relatively short
‘off’ periods. Under these conditions an anode working voltage range of
170 to 270 volts is recommended.

A report giving fuller details of these effects, entitled ‘Trigger and Anode
voltage hysteresis effects in Z803U’ is available.

Trigger input volts during anode conduction

During anode conduction the trigger is held by the discharge at a potential
of approximately 90V above cathode and if the trigger input voltage is
raised or lowered about this potential, trigger current will flow. Raising
the trigger voltage above this potential causes a current to flow into the
trigger and provided the current does not exceed the limiting value it
will not harm the tube.

However, if the voltage is reduced below 90V, current flows in the reverse
direction, the trigger now acting as a cathode. This current can harm the
tube in any application in which the trigger is reset by a relay contact.
It is desirable that the contact makes after the main anode-to-cathode
discharge has been extinguished. The effect of reverse trigger current
is to reduce both the maximum anode voltage which can be applied and
the trigger stability.

Noise

In this tube, oscillations of up to 10V peak-to-peak are superimposed on
the maintaining voltage. Due to this effect the measured value of main-
taining voltage will depend on the circuit conditions. These are of no
significance in normal applications.
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2803U COLD CATHODE TRIGGER TUBE

+240V

—;—#——oOulput oOutput
%RB % c3

/7;7 > O

Fig 2 Fig 3

SELF-EXTINGUISHING CIRCUITS

The Z803U may be used in the normal type of RC self-extinguishing
circuits as shown in Figs. 2 and 3. To ensure stable operation, Ré should
be 1MQ or greater and C3 must be of a value to give a time constant
R6.C3 in excess of 2ms.

A short positive pulse may be obtained across R8 in Fig. 2 or a negative
pulse across R9 in Fig. 3.

A long negative pulse may be obtained across Ré; however, it can only
be used to drive circuits whose input impedances are greater than 1M(Q,

Typical circuit component values

R5 1 MQ c2 2700 pF
Ré6 1 MQ C3 2700 pF
R8 <1 kQ
R9 <1 kQ
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COLD CATHODE TRIGGER TUBE 2803U
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2803U COLD CATHODE TRIGGER TUBE
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COLD CATHODE TRIGGER TUBE ZBO3U
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COLD CATHODE TRIGGER TUBE 2804U
Cold cathode trigger tube suitable for direct operation from

200 to 250Vr.m.s. a.c. supplies at mains frequencies. The

tube is ignited by a negative trigger potential.

PRELIMINARY DATA
CATHODE cold

CHARACTERISTICS
*Trigger ignition voltage range,

all tubes (V4=210 to 350V) -115 to -131 \
*Anode maintaining voltage range,

all tubes (l,=20mA) 106 to 115 v
Typical transfer current (Va=210V) 10 uA

*These limits apply over life

STABILITY

Maximum variation of trigger ignition
voltage over life +50 \

Maximum variation of anode maintaining
voltage over life +3-0 \

LIMITING VALUES (absolute ratings)
Maximum positive trigger current 400 uA

Maximum negative trigger current 400 pA

A.C. operation
R.M.S. mains voltage

Maximum 275 v

Minimum 180 \
Frequency

Maximum 100 c/s
~ Minimum 10 /s
Mean anode current

Maximum 25 mA

Minimum 5.0 mA
Maximum averaging time 1 cycle
Peak anode current 125 mA

D.C. operation
Supply voltage

Maximum 350 \%

Minimum 210 v
Anode current

Maximum 40 mA

Minimum 50 mA

NOTES

The trigger may be operated either from d.c. or low frequency a.c.
Pin 2 should be connected to the cathode via a 2M(Q resistor.

()
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2804U COLD CATHODE TRIGGER TUBE
Col

d cathode trigger tube suitable for direct operation from
200 to 250Vr.m.s. a.c. supplies at mains frequencies. The
tube is ignited by a negative trigger potential.

OPERATING NOTES

This tube is primarily intended for relay operation on 200 - 250V. 50 c/s
single phase supplies. The following notes refer to this duty.

The anode circuit

In designing the anode circuit care must be taken to ensure that the cathode
current and anode voltage ratings are never exceeded.

The average current through the tube for a given relay RA can be adjusted
by the choice of the relay resistance R1, but care must be taken since R1
also determines the peak current passed by the tube. Thus, when a given
average current is required, it is possible to exceed the peak current
rating particularly if the tube is fired late in the positive half cycle.

The forward and inverse voltages applied to the valve must not exceed the
quoted values. Capacitor C connected across the relay provides a smooth
relay current, thus avoiding ‘chatter’. It should be remembered that the
steady voltage across this capacitor adds to the a.c. inverse voltage across
the tube but subtracts from the forward voltage.

The trigger circuit

The Z804U is ignited when the trigger voltage is approximately —120V.
with respect to cathode. After ignition the trigger potential will rise to
approximately +20V and remain there during anode conduction. Thus any
capacitor connected between trigger and cathode has to be re-charged
through about 140V every time the tube is fired, this compares with about
40V in tubes using conventional positive firing. Thus in direct current
triggering any stray trigger — cathode capacitance should be reduced to a
minimum.

There is a trigger ignition voltage hysteresis effect in the Z804U in that
the trigger ignition voltage immediately following a conduction period
is more positive, i.e. numerically smaller, by some 3V than the value after
a long standby period.

[3029] 22:2mm
max
k
a Tr
Wall o E
contact IC OO O \1c EX £
T < 2t 3
Wall (e} (e} u‘%E
contact O O k
O
IC IC

h S,
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Wall contact(pin2)must be connected
to cathode via a 2MQ resistor.
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COLD CATHODE TRIGGER TUBE

Cold cathode trigger tube suitable for direct operation from
200 to 250Vr.m.s. a.c. supplies at mains frequencies. The

tube is ignited by a negative trigger potential.
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2804U COLD CATHODE TRIGGER TUBE
Cold cathode trigger tube suitable for direct operation from

200 to 250Vr.m.s. a.c. supplies at mains frequencies. The

tube is ignited by a negative trigger potential.
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TYPICAL BREAKDOWN CHARACTERISTIC FOR DIFFERENT ELECTRODE
POLARITIES
(The tube is recommended for operation in quadrant 11 only).
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COLD CATHODE TRIGGER TUBE

Cold cathode inert-gas filled tube with three electrodes

primarily designed for use as a general purpose trigger

7900T

tube.
CATHODE Cold
CHARACTERISTICS
Typical anode-to-cathode breakdown voltage with
trigger voltage zero or positive 290 \
Typical anode-to-cathode burning voltage (at 25mA) 62 \
Typical trigger-to-cathode breakdown voltage with
anode voltage zero or positive 80 \
Typical trigger voltage when breakdown has occurred
(with an anode-to-cathode current of 25mA) 61 \%
*Typical ionisation time 20 us
*Typical deionisation time 500 us

*With instantaneous anode voltage of 185V, trigger bias voltage of
+70V, trigger input pulse of 50V, and trigger series resistor of 100k Q.

LIMITING VALUES (Absolute ratings)

With anode and trigger both positive

Maximum anode voltage at which self-ignition will not
occur in any tube
Minimum trigger voltage necessary to cause trigger
breakdown in all tubes during life
Maximum trigger voltage at which trigger breakdown
will not occur in any tube during life
Minimum trigger-to-cathode current necessary to cause
transfer in all tubes during life
(a) vapx,=140V
(b) Vapx) =175V
Maximum permissible cathode current
Peak
Average (max. averaging time 15 secs)
Maximum permissible peak trigger current

With anode positive and trigger negative

Maximum applied anode-to-trigger voltage for which
breakdown will not occur in any tube (trigger
voltage between 0 and —-65V)

With anode negative and trigger positive

Maximum permissible anode-to-trigger voltage (trigger
voltage between 0 and +73V) (approx.)

200
105

73
400
160
100

25
100

200

180

A
uA

mA

mA
mA

\

Notes

(a) The tube must not be allowed to pass current while the
anode is negative.

(b) This tube is recommended for operation in quadrant I of the
breakdown characteristic, i.e. with anode and trigger both
positive.

(c) Strong light such as sunlight should not be allowed to fall on
the tube.

()
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Z900T COLD CATHODE TRIGGER TUBE
Cold cathode inert-gas filled tube with three electrodes

primarily designed for use as a general purpose trigger

tube.

TYPICAL OPERATING CONDITIONS FOR USE AS A RELAY TUBE
WITH 50 ¢/s A.C. SUPPLY

Anode supply voltage (r.m.s.) 117 \
A.C. trigger voltage
Maximum peak positive pre-firing voltage 70 \
Minimum peak positive triggering voltage 35 \4
*Minimum firing voltage 105 \

*Sum of in-phase instantaneous pre-firing voltage and instantaneous
triggering voltage.

OPERATION AS A RECTIFIER

This tube may be used as a rectifier, having the following characteristics
(trigger connected to anode through a 50k Q resistor):

P.L.V. max. 200 \
ik (pk) Max. 100 mA
I, max. 25 mA
19 mm.
max.

Tr

B7G Base.

x
I—-—47‘5 mm. max.
| §

oIl

l———54'5 mm.max.
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COLD CATHODE TRIGGER TUBE Z900T
Cold cathode inert-gas filled tube with three electrodes

primarily designed for use as a general purpose trigger
tube.

OPERATING NOTES

1. Trigger Tube

The operation of this tube depends on the initiation of two glow discharges.
First a discharge is started between the trigger electrode and the cathode. When
the current in this discharge is above a certain critical value, dependent on the
anode voltage, and is of the order of 100u.A, then the main discharge will be formed
between anode and cathode.

To extinguish the tube and prepare it for further operation, both the trigger and
anode potentials must be reduced below their burning voltage values.

The breakdown characteristic of the Z900T is shown graphically. This curve
indicates the voltage conditions which will lead to breakdown between any
two electrodes in the tube.

The area surrounded by the shaded portion represents the non-conducting region.
The shaded area indicates the range of breakdown voltages covering tube to tube
variations over life. The area outside the shaded portion represents definite
conducting conditions. Dashed portions of the curves indicate approximate
values only.

It is recommended that current is only drawn by the tube when it is operating in
quadrant | on this graph. The details given in quadrants I, lll, and IV indicate tha
precautions that must be taken in order that conduction shall not occur in these
quadrants.

For operation of the Z900T in quadrant |, the anode voltage and pre-firing trigger
voltage must not enter the shaded region of the curve. To fire the tube, a voltage
in phase with the pre-firing voltage is applied to the trigger electrode. The
minimum sum of these trigger voltages must take the trigger to the outer edge of
the shaded portion. If the tube is operated with a.c. on either the anode or the
trigger, care must be taken to ensure that the applied voltages never take these
electrodes into the shaded region in quadrants Il, lll or IV. Failure to meet this
requirement will lead to short tube life.

When this tube is operated with an inductive load such as a relay coil, care must be
taken that the maximum peak inverse anode voltage is not exceeded by the
inductive kick-back voltage.

The transfer characteristic gives the minimum trigger-to-cathode current required
toinitiate adischarge in the anode-cathode gap for any given value of anode voltage.
Typical and maximum characteristics are given, but in the design of equipment the
trigger circuit parameters should always give a trigger current which meets the
requirements of all tubes over life. For example, with an anode voltage of 150V
it is necessary to provide a trigger current of 300u.A. If it is required to operate
the trigger from a very high impedance supply, the transfer current may be
obtained from a capacitor connected between the trigger and cathode. Under
these conditions the capacitor is charged to the tube triggering voltage and is then
discharged through the trigger circuit until its voltage has fallen to the trigger
maintaining voltage.

The capacitor will, of course, cause a certain delay in triggering, depending on the
value of resistor through which it is charged.

2. Rectifier

The average anode characteristic of the Z900T has the asymmetrical form necessary
for rectification, and with this type of operation the ratings quoted in the data
apply.

@
[Mullard ]
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Z900T COLD CATHODE TRIGGER TUBE

Cold cathode inert-gas filled tube with three electrodes
primarily designed for use as a general purpose trigger

tube.
CIRCUIT NOTES
b
1763
+
RLB "1'02 Rq
R S Ry

FIG 1 FIG. 2

FIG.3.

1. Anode Circuits

The circuit diagrams Figs. 1 to 3 show some typical methods of feeding the main
anode-to-cathode circuit of a Z900T.

Fig. 1
The tube is fed from an a.c.supply of 117V ;. n.s.,) in order to operate a relay RLA.

Capacitor C1 may be connected across the relay, in order to prevent chatter.
Resistance R1 is included as a current limiting resistor.

Fig. 2

The supply is d.c. and the relay RLB has a contact RLB1 which short-circuits the
tube on operation and keeps the relay energised. To de-energise the relay, the
H.T. supplies must then be broken. R2 is a current limiting resistor.

Fig. 3

This shows another d.c.-operated system for relay operation. Capacitor C4 which
has been charged by the supply will discharge through the tube when it is fired
and thus energise the relay RLC until the current through the tube is insufficient
to maintain a discharge. The relay will then be de-energised and the capacitor
C4 will be re-charged through R4.

Circuit Components

R17) Current limiting resistors C1 Capacitor to prevent relay
R2 > The value depends upon the C2 » chatter Typical value 4uF
R3 operating conditions C3
R4 1MQ C4  0AuF
()
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COLD CATHODE TRIGGER TUBE Z900T
Cold cathode inert-gas filled tube with three electrodes

primarily designed for use as a general purpose trigger

tube.

TRIGGERING
SIGNAL SIGNAL

f—/ o— Ar—c/cw

FlG 4 TRIGGERING ¢ (¢

Nar)

FIG 6 FIG 7

2. Trigger Circuits

Figs. 4 to 7 show some typical trigger circuit connections.

Fig. 4

This indicates an a.c.-operated system in which the pre-firing voltage is a fraction
of the supply voltage and is obtained by a potentiometer R5, R6. A triggering
signal in phase with the supply voltage on the anode can then be supplied through
C5 causing the tube to breakdown. R8isa current limiting resistor for the trigger.
Fig. 5

A similar type of circuit to Fig. 4 in which the pre-firing voltage is obtained from a
d.c. supply.

Fig. 6

This shows a trigger firing arrangement when the firing signal is supplied
through a high impedance R11. Capacitor C7 is charged through R11 and when its
potential reaches the critical trigger voltage it discharges through the trigger-
to-cathode circuit thus providing the necessary trigger transfer current.

Fig. 7

The trigger-to-cathode circuit includes a large capacitor such as might be used ina
simple timer. When the trigger breaks down this capacitor discharges, but in
order to limit the trigger current to a safe value a resistance R13 must be included.

Circuit Components

R8 Current limiting resistors R11  High impedance signal source
R10 » The value depends upon the R12  Timer resistor
R13 | operating conditions C5 0.1uF
RS 15k Q Cé  01uF
R6 10k Q €7 400uuF
R7 1MQ C8  Timer Capacitor
R9 1MQ
@_—
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7900T

COLD CATHODE TRIGGER TUBE

Cold cathode inert-gas filled tube with three electrodes
primarily designed for use as a general purpose trigger

tube.
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COLD CATHODE TRIGGER TUBE Z900T

Cold cathode inert-gas filled tube with three electrodes
primarily designed for use as a general purpose trigger

tube.
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Z900T COLD CATHODE TRIGGER TUBE
Cold cathode inert-gas filled tube with three electrodes

primarily designed for use as a general purpose trigger

tube.
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COLD CATHODE TRIGGER TUBE Z900T
Cold cathode inert gas-filled tube suitable for direct

operation from 117V a.c. supplies. The tube is ignited by
a positive trigger potential and is primarily intended for
on-off relay applications.

CATHODE Cold
CHARACTERISTICS
Anode working voltage range 140 to 200 v
Typical anode-to-cathode burning voltage (at 25mA) 62 v
Typical trigger-to-cathode breakdown voltage with
anode voltage zero or positive 80 v
Typical trigger voltage when breakdown has occurred
(with an anode-to-cathode current of 25mA) 61 \
*Typical ionisation time in daylight 20 us<—
*Typical ionisation time in darkness <100 us<—
*Typical deionisation time 500 us

*With instantaneous anode voltage of 185V, trigger bias voltage of {70V,
trigger input pulse of 50V, and trigger series resistor of 100k(.

LIMITING VALUES (absolute ratings)
With anode and trigger both positive

Maximum anode voltage at which self-ignition will

not occur in any tube 200 v
Minimum trigger voltage necessary to cause trigger

breakdown in all tubes during life 105 Vv
Maximum trigger voltage at which trigger break-

down will not occur in any tube during life 73 \4

Minimum trigger-to-cathode current necessary to
cause transfer (see transfer characteristic)

Va =175V 160 uA
Maximum permissible cathode current

Peak 100 mA

Average (max. averaging time 15s) 25 mA
Maximum permissible peak trigger current 100 mA

With anode positive and trigger negative

Maximum applied anode-to-trigger voltage for which
breakdown will not occur in any tube (trigger
voltage between 0 and —65V) 200 \

With anode negative and trigger positive
Maximum permissible anode-to-trigger voltage
approx. (trigger voltage between Oand 73V) 180 v
Note

Strong light such as direct sunlight should not be allowed to fall on<—
the tube.
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Z900T COLD CATHODE TRIGGER TUBE
Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by

a positive trigger potential and is primarily intended for
on-off relay applications.

TYPICAL OPERATING CONDITIONS FOR USE AS A RELAY TUBE
WITH 50c/s A.C. SUPPLY

Anode supply voltage (r.m.s.) 117 \
A.C. trigger voltage
Maximum peak positive pre-firing voltage 70 v
Minimum peak positive triggering voltage 35 v
*Minimum firing voltage 105 N

*Sum of the in-phase instantaneous pre-firing voltage and instantaneous
triggering voltage.

OPERATION AS A RECTIFIER

This tube may be used as a rectifier, having the following characteristics
(trigger connected to anode through a 50k() resistor):—

P.L.V. max. 200 \

ik k) Max. 100 mA

| max. 25 mA
LIFE &

A typical life expectancy under a.c. conditions (f=>50c/s) at maximum
cathode current ratings is 45 <10 firings. The life of this tube is greatly
increased when the cathode current is reduced below the maximum ratings.

ey
max

a
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47-5mm max —————— =

k 1c 5
a £
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wn
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K i
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COLD CATHODE TRIGGER TUBE Z900T
Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by

a positive trigger potential and is primarily intended for
on-off relay applications.

OPERATING NOTES

1. Trigger tube

The operation of this tube depends on the initiation of two glow discharges.
First a discharge is started between the trigger electrode and the cathode. When
the current in this discharge is above a certain critical value, dependent on the
anode voltage, and is of the order of 100p.A, the main discharge will be formed
between anode and cathode.

To extinguish the tube and prepare it for further operation, both the trigger and
anode potentials must be reduced below their burning voltage values.

The breakdown characteristic of the Z900T is shown graphically. This curve
indicates the voltage conditions which will lead to breakdown between any
two electrodes in the tube.

The area surrounded by the shaded portion represents the non-conducting region.
The shaded area indicates the range of breakdown voltages covering tube to tube
variations over life. The area outside the shaded portion represents definite
conducting conditions. Dashed portion of the curves indicate approximate
values only.

It is recommended that current is only drawn by the tube when it is operating in
quadrant | on this graph. The details given in quadrants Il, lll, and IV indicate the
precautions that must be taken in order that conduction shall not occur in these
quadrants.

For operation of the Z900T in quadrant |, the anode voltage and pre-firing trigger
voltage must not enter the shaded region of the curve. To fire the tube, a2 voltage
in phase with the pre-firing voltage is applied to the trigger electrode. The
minimum sum of these trigger voltages must take the trigger to the outer edge of
the shaded portion.

When this tube is operated with an inductive load such as a relay coil, care must be
taken that the maximum peak inverse anode voltage is not exceeded by the
inductive kick-back voltage.

The transfer characteristic gives the minimum trigger-to-cathode current required
toinitiate adischarge in the anode-cathode gap for any given value of anode voltage.
Typical and maximum characteristics are given, but in the design of equipment the
trigger circuit parameters should always give a trigger current which meets the
requirements of all tubes over life. For example, with an anode voltage of 150V
it is necessary to provide a trigger current of 300p.A.

If it is required to operate the trigger from a very high impedance supply, the
transfer current may be obtained from a capacitor connected between the trigger
and cathode. Under these conditions the capacitor is charged to the tube triggering
voltage and is then discharged through the trigger circuit until its voltage has
fallen to the trigger maintaining voltage. The capacitor will, of course, cause a
certain delay in triggering, depending on the value of resistor through which it is
charged.

2. Rectifier
The average anode characteristic of the Z900T has the asymmetrical form necessary

for rectification, and with this type of operation the ratings quoted in the data
apply.

(A
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Z900T COLD CATHODE TRIGGER TUBE
Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by

a positive trigger potential and is primarily intended for
on-off relay applications.
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FIG. 1. FI16. 2.

FIG.3

1. Anode circuits

The circuit diagrams Figs. 1 to 3 show some typical methods of feeding the main
anode-to-cathode circuit of a Z900T.

Fig. 1

The tube is fed from an a.c. supply of 117V, n s. in order to operate a relay RLA.
Capacitor C1 may be connected across the relay, in order to prevent chatter.
Resistance R1 is included as a current limiting resistor.

Fig. 2

The supply is d.c. and the relay RLB has a contact RLB1 which short-circuits the
tube on operation and keeps the relay energised. To de-energise the relay, the
h.t. supplies must then be broken. R2 is a current limiting resistor.

Fig. 3

This shows another d.c.-operated self resetting system for relay operation.
Capacitor C2 which has been charged by the supply will discharge through the
tube when it is fired and thus energise the relay RLC until the current through
the tube is insufficient to maintain a discharge. The relay will then be de-energised
and the capacitor C2 will be recharged through R4.

Circuit components

R1 Current limiting resistors. Cc1 Capacitor to prevent relay
R2 The value depends upon the chatter. Typical value 4uF.
R3] operating conditions c2 0.1uF.
R4 1MQ.

()
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COLD CATHODE TRIGGER TUBE Z900T
Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by

a positive trigger potential and is primarily intended for
on-off relay applications.
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2. Trigger circuits

Figs. 4 to 7 show some typical trigger circuit connections.

Fig. 4

This indicates an a.c.-operated system in which the pre-firing voltage is a fraction
of the supply voltage and is obtained by a potentiometer R5, Ré. A triggering
signal in phase with the supply voltage on the anode can then be supplied through
C3 causing the tube to break down. R8 isa current limiting resistor for the trigger.
Fig. 5

A similar type of circuit to Fig. 4 in which the pre-firing voltage is obtained from a
d.c. supply.

Fig. 6

This shows a trigger firing arrangement when the firing signal is supplied
through a high impedance R11. Capacitor C5 is charged through R11 and when its
potential reaches the critical trigger voltage it discharges through the trigger-
to-cathode circuit thus providing the necessary trigger transfer current.

Fig. 7

The trigger-to-cathode circuit includes a large capacitor such as might be used in a
simple timer. When the trigger breaks down this capacitor discharges, but in
order to limit the trigger current to a safe value a resistance R13 must be included.

Circuit components

R8 Current limiting resistors. R11  Highimpedancesignal source
R10 » The value depends upon the R12  Timer resistor
R13 ] operating conditions. C3  0.1pF
RS 15kQ C4  0.1uF
R6 10kQ C5  400pF
R7 1.0MQ cé Timer capacitor
R9 1.0MQ
()
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Z900T COLD CATHODE TRIGGER TUBE ’
Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by

a positive trigger potential and is primarily intended for
on-off relay applications.
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COLD CATHODE TRIGGER TUBE

Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by
a positive trigger potential and is primarily intended for

on-off relay applications.
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2900T

COLD CATHODE TRIGGER TUBE

Cold cathode inert gas-filled tube suitable for direct
operation from 117V a.c. supplies. The tube is ignited by
a positive trigger potential and is primarily intended for

on-off relay applications.
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FLASH TUBES GENERAL OPERATIONAL
RECOMMENDATIONS

GENERAL

Mullard electronic flash tubes have been designed to cover a wide range of
uses in industry, in research on the study of high-speed phenomena, and in
commercial photography. The tubes are characterised by a high luminous
efficiency, ease of triggering and short flash duration. They are capable of pro-
ducing several thousand flashes without deterioration in the quality and intensity
of the light output. The spectrum of the emitted light approximates closely to
that of daylight and they may thus be used in colour photography (see curves
following the general operational recommendations).

The time delay between application of the trigger pulse and production of the
light flash is less than 50 microseconds, and since the duration of the flash itself
is usually much less than 1 millisecond, a flash tube is capable of ‘‘freezing ™’
movement for photographic purposes.

OPERATION OF FLASH TUBES
Connections

For reliable operation it is recommended that the anode be maintained at
earth potential, the cathode being alive. The trigger electrode should be tied
to the anode via the trigger transformer. Failure to do this may result in
spontaneous breakdown.

Energy of Discharge

The energy dissipated in the tube must not exceed the maximum value given
in the data sheet. If it is intended to use the tube at the maximum rated energy
discharge, a high grade voltmeter should be used to measure the voltage across
the discharge capacitor ; it is not sufficient to rely upon the nominal output
rating of the transformer employed, since the energy is proportional to the
square of the voltage (E=3CV?). The time between flashes must not be less
than the minimum value given in the data sheet for each tube. Failure to observe
these points will reduce the life of the tube.

.The effective resistance of a flash tube during discharge is very low. The
leads connecting the discharge capacitor to the anode and cathode should there-
fore be as short and as thick as possible to ensure maximum delivery of energy
to the tube.

Trigger Voltage
The trigger voltage specified in the data sheet is the peak pulse voltage obtained
—> from a damped oscillatory transient and must be such that it is positive with
respect to the other electrodes over the first half cycle of its waveform, otherwise
satisfactory operation of the tube may not be ensured. A practical method of
obtaining this voltage is to discharge a 0.5uF capacitor through the primary of a
transformer, the secondary of which is connected between trigger and anode.
A typical trigger voltage waveform is shown in the accompanying curve. The
faster the initial voltage rise, the smaller will be the delay time between the onset
of the trigger voltage and the start of the flash.

()
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GENERAL OPERATIONAL FLASH TUBES
RECOMMENDATIONS

Triggers for Linear Tubes

The type of trigger recommended for linear tubes is a helix of bare wire
stretched along the tube from anode to cathode. The pitch of the turns is not
critical—a figure of 3.5 to 5 cm is suggested. For reliable operation at the
recommended trigger voltage it is necessary that the first turn should start
not more than 2 cm from the cathode. Values of trigger voltage given in the
data sheets are based on measurements using a trigger of this type.

Covered or enamelled wire should not be used, as permanent glass discolora-
tion may result.

Ventilation

In no circumstances should the hole in the base of the tube be completely
enclosed, as the expansion of air due to the heat developed within the dome of
the tube may then fracture the envelope.

High Voltage Precautions

It is essential that the tube base be kept clean so as to prevent surface leakage
between the pins. Soldering should be neat and sharp points avoided to prevent
sparking in air.

WARNING
IN VIEW OF THE HIGH VOLTAGES AND CAPACITANCES USED IN FLASH
EQUIPMENT, CARE MUST BE TAKEN TO ENSURE THAT ALL PARTS WHICH
ARE LIKELY TO BE HANDLED ARE ADEQUATELY INSULATED AND
PROTECTED.

Flash equipment manufacturers are urged to affix warning labels on each unit
pointing out that because of the dangers involved, only experienced servicemen
should repair faulty equipment.

ISSUE 2 N, GOR/Flash 754-2
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FLASH TUBES

GENERAL OPERATIONAL

RECOMMENDATIONS
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GENERAL OPERATIONAL FLASH TUBES
RECOMMENDATIONS
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BASIC CIRCUIT FOR BATTERY-OPERATED FLASH TUBE EQUIPMENT

R1 10M Q

R2 680k

c1 0.05uF (1,000V working)

C2 See Flash Tube Data

C3 1.0uF (500V working)

V1 Flash Tube

M1 Micro-ammeter. 500uA full-scale deflection
*T1 Power transformer

T2 Trigger transformer
*B1 Accumulator or dry batteries

S1 Charging switch

S2 Firing switch

U1 Open circuit input voltage 900V r.m.s.

Metal rectifiers.
U2 Mean output current 8mA.

*Values should be chosen to provide the required voltage across C2.
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FLASH TUBES GENERAL OPERATIONAL
RECOMMENDATIONS
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BASIC CIRCUIT FOR MAINS-OPERATED FLASH TUBE EQUIPMENT

R1 45 k Q

R2 10 MQ

R3 680 k (2

C1 See Flash Tube Data

C2 1.0u.F (500V working)

V1 HVR2

V2 Flash Tube

M1 Micro-ammeter. 500u.A full-scale deflection
L1=4.0V, 0.8A

T Mains Transformer L2=Value chosen to provide

required voltage across C1
T2 Trigger Transformer
S1 Firing Switch
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FLASH TUBES

GENERAL OPERATIONAL
RECOMMENDATIONS

RELATIVE LIGHT ENERGY
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PHOTOGRAPHIC FLASH TUBE LSD 3
Cold cathode xenon-filled discharge tube for use in

studio or portable photo-flash equipment.

MOUNTING POSITION Any.

CHARACTERISTICS
Min. anode-to-cathode breakdown voltage 3,000 volts

Following measured at V,=2,500 volts and energy discharge=100 joules

*Flash duration 100 1 secs
Peak light output 35 Megalumens
Total light output 3,000 Lumen-secs.
Luminous efficiency 30 Lumens/watt
Effective tube resistance (approx.) 3 ohms

*Time taken between rise and fall to 1/e (36%,) of the peak light output

OPERATING CONDITIONS

Anode voltage Capacitance Energy discharge
V) (uF) (joules)
2,700 27 100
2,500 32 100
2,000 50 100

LIMITING VALUES (Absolute ratings)

Max. energy discharge 100 joules
Anode voltage limits 2,000 to 2,700 volts
Peak trigger voltage limits 4,0C0 to 8,000 volts
Min. time between flashes at 100 joules 10 secs.
(R
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PHOTOGRAPHIC FLASH TUBE

LSD 3 Cold cathode xenon-filled discharge tube for use in

studio or portable photo-flash equipment.
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PHOTOGRAPHIC FLASH TUBE LSDS
Cold cathode Xenon-filled discharge tube for use in studio

photography. A modelling lamp may be inserted within
the envelope for use while posing the subject.

MOUNTING POSITION Any.

CHARACTERISTICS

Min. anode-to-cathode breakdown voltage 3,000

\

Following measured at V,=2,500 volts and energy discharge—1,000 joules

*Flash duration 500

1 Secs.
Peak light output 80  Megalumens
Total light output 40x10% Lumen-secs.
Luminous efficiency 40 Lumens/watt
Effective tube resistance (approx.) 1.5 ohms

*Time taken between rise and fall to 1/e (369%,) of the peak light

output.

OPERATING CONDITIONS

Anode voltage Capacitance Energy discharge
V) (wF) (joules)
2,700 275 1,000
2,500 320 1,000
2,000 500 1,000
2,700 110 400
2,500 128 400
2,000 200 400

LIMITING VALUES (Absolute ratings)

Max. energy discharge 1,000 joules

Anode voltage limits 2,000 to 2,700 volts

Peak trigger voltage limits 6,000 to 12.000 volts

Min. time between flashes at 1,000 joules 30 secs.
(I
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PHOTOGRAPHIC FLASH TUBE

LS D 5 Cold cathode Xenon-filled discharge tube for use in studio

photography. A modelling lamp may be inserted within
the envelope for use while posing the subject.
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PHOTOGRAPHIC FLASH TUBE LSD7

Cold cathode Xenon-filled discharge tube for use in
studio or portable photo-flash equipment.

MOUNTING POSITION Any
CHARACTERISTICS
Min. anode-to-cathode breakdown voltage 3,000 volts

Following measured at V,=2,500 volts and energy discharge=:-200 joules

*Flash duration 200 U secs.
Peak light output 44 Megalumens
Total light output 7,000 Lumens-secs.
Luminous efficiency 35 Lumens/watt
Effective tube resistance (approx.) 3 ohms

*Time taken between rise and fall to 1/e (36%,) of the peak light output.

OPERATING CONDITIONS

Anode voltage Capacitance Energy discharge
v) (uF) (joules)
2,700 55 200
2,500 64 200
2,000 100 200

LIMITING VALUES (Absolute ratings)

Max. energy discharge 200 joules
Anode voltage limits 2,000 to 2,700 volts
Peak trigger voltage limits 5,000 to 8,000 volts
Min. time between flashes at 200 joules 30 secs.
(R
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LSD7 PHOTOGRAPHIC FLASH TUBE
Cold cathode Xenon-filled discharge tube for use in

studio or portable photo-flash equipment.

o Approx.centre of {
light source spiral. | N

a %
o »x
| o &l 2
T_'} <O © Ja E E E <
o
| © 4 | @ o
G =
-
_ l
"( 4 Pin UX Base. UUUI
mm

ISSUE 3 \v/ LSD7 754-2



-~

Mot

PHOTOGRAPHIC FLASH TUBE LSD24

Cold cathode Xenon-filled discharge tube for use in studio
or portable photo-flash equipment. Designed for operation
with an anode voltage of 1.0 kV.

MOUNTING POSITION Any
CHARACTERISTICS
Min. anode-to-cathode breakdown voltage 1.5 kV

Following measured at V, = 1.0 kV and energy discharge = 100 joules

*Flash duration 150 . Secs.
Peak light output 35 Megalumens
Total light output 3,800 Lumen-secs.
Luminous efficiency 38 Lumens/watt

*Time taken between rise and fall to 1/e (36%,) of the peak light output.

OPERATING CONDITIONS

Anode voltage 1.0 kV
*Capacitance 200 uF
Energy discharge 100 joules

*With this type of tube, electrolytic capacitors are normally employed.
Care should be taken in their selection in order that the maximum
ratings of the tube are not exceeded.

LIMITING VALUES (Absolute ratings)

Max. energy discharge 100 joules
Anode voltage limits 0.8 to 1.1 kV
*Min. trigger voltage 6.0 kV
Min. time between flashes at 100 joules 10 secs,

*The maximum time taken to reach the first peak of the trigger voltage
waveform should be 10 u secs. Reduction in the rate of rise of this
voltage will result in reduced triggering efficiency.
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LSD24 PHOTOGRAPHIC FLASH TUBE

Cold cathode Xenon-filled discharge tube for use in studio
or portable photo-flash equipment. Designed for opera-
tion with an anode voltage of 1.0 kV.
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