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1. General Hints on the Handling of Black and White Tubes

1.1 Hazards

A television picture tube is basically a
thick-walled evacuated bulb. To operate
the tube, a high tension is required for
the anode and the metal coating on the
inner surface of the screen. This involves
some hazards, described briefly below:
When the bulb is broken, glass will fly in
all directions with tremendous force. This
is called an implosion and is described
in more detail in together with the respec-
tive safety procedures under chapter 2.
The high-voltage smoothing capacitor form-
ed by the inner aluminium coating and the
external graphite coating will remain charg-
ed for a considerable time even after the
tube has been switched off. In order to
avoid an electrical shock if the anode
contact is accidentally touched, it is re-
commended to discharge the anode con-
tact and the external conductive coating
by means of a grounded shorting strap
before work is started on the equipment
and the tube.

A dangerous X-ray hazard does not
exist when the equipment is prop-
erly operated. It is true that during the
operation of the tube weak X-ray and ultra-
violet radiation is excited inside the tube,
but most of this radiation is converted
into visible light and heat on the screen.
Moreover, the thick faceplate absorbs a
considerable portion of the remaining
radiation. Measurements have shown that
a picture tube in operation produces only
about 1/40 of the background radiation
acting on the human organism. The X-ray
energy produced by the tube is indeed less
than that produced by the luminous dial
of a wrist watch. Any fear of a detrimental
effect of the radiation on the health of the
viewer is absolutely unfounded.

1.2 Packing

When handling large tubes (heavy weight),
it must be borne in mind that the bulb can
be damaged by blows and scratches. The
bulb is of a high pressure resistant design,
so not every scratch will result in the
immediate destruction of the tube, though
it may reduce the thermal and mechanical
strength of the bulb. Also, damages to the
faceplate (screen) will be detrimental to
picture quality. For this reason the ITT
packing for picture tubes is so designed
that damage to the bulb during packing,
unpacking, storage and transport is im-
possible. Considering weight and volume,
of large television picture tubes in partic-
ular, manual handling is only possible
in single unit packing. Preferred for trans-
porting large quantities is bulk packing,
which can only be moved on pallets by
means of fork lifts.

1.3 Storage and transport

Normally the picture tubes are stored and
transported packed in cartons. For han-
dling unpacked tubes, special racks or
transport carts with individual tube hold-
ers are used. High stacks of cartons are
subdivided on pallets, which give the stack
a firm stand and enable fork trucks to be
used. Pallets are also employed for truck
and rail transport.

1.4 Installation and removal

When installing or removing a tube, care
should be taken not to damage the fragile
bulb. Grasp the tube diagonally, so that
the weight is approximately balanced and
the tube neck can always be seen. Do not
pick up a picture tube by the neck, since
the glass is very thin at this point and
breaks easily.

When placing the tube face down on a
level surface, rest it on a support with
four soft projections. When the tube is
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placed down on the panel skirt, the neck
has to be supported separately to pre-
vent damage to the base pins or to the
tubulation.

The picture tube is installed in the tele-
vision receiver with the screen in a vertical
position. This is normally achieved by a
resilient rubber tape slipped over the panel
skirt or by an elastic tightening strap
with a soft intermediate layer to prevent
the contacting glass surfaces from being
scratched. When installing the tube make
sure that the pressure is distributed uni-
formly over the supporting area and that
it is not excessive.

Steel band reinforced picture tubes are
bolted in place by means of the mounting
lugs. The deflection yoke is slipped over
the tube neck and must sit against the
funnel. The deflection yoke is not provided
for supporting the tube. The socket pro-
vided with flexible leads is also plugged
into the tube base and is supported by it.
Finally the high tension lead is connected
to the anode contact.

1.5 Thermal stress

All parts of the tube are subjected to
higher thermal stresses during manufac-
ture than those encountered during nor-
mal operation. The tube withstands these
stresses without damage, since heating
and cooling is performed within a well
proven and automatically controlled tem-
perature cycle. The tube is designed to
operate under both extreme arctic and
tropical conditions. However cracks may
occur when the tube is not operated prop-
erly, in particular in the case of excessive
local temperature differences.

1.6 Contamination

When the tube is brought from a cold
room into a heated room, the water va-
pour in the air will condense on the cold
surfaces, which may result in leakage
currents or flashovers at the tube base

or the anode contact. The anode area is
protected against humidity by water-repel-
lent paint, which ensures a high degree
of resistance against flashovers. In spite
of this it is recommended to switch the
tube on only after the temperature is ap-
proximately at equilibrium.

When the picture tube has been in use
for a longer period of time, dust will settle
on the surfaces of the tube due to elec-
trostatic charges. Together with the hu-
midity mentioned above the dust forms a
film on the glass surfaces, which may
likewise result in leakage currents and
flashovers. On the screen it will also lower
picture quality. On the neck it reduces
heat radiation, thus causing considerable
temperature differences, especially in
the glass. Therefore we recommend clean-
ing the tube at regular intervals or when-
ever the need arises, together with the
receiver if possible.

1.7 Functional troubles

The highly automated production process
with many intermediate inspections and a
100% final test by means of automatic
test equipment ensure trouble-free opera-
tion and long life for ITT picture tubes. If,
in spite of this, a tube should fail due to a
material or manufacturing defect, replace-
ment will be made free of charge during
the first 12 months of service.

The life of a tube ends when, after several
thousand hours of operation, there is a
marked decrease in the cathode emission
together with a reduction in the sharpness
and brightness of the picture.
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2. Implosion Protection

2.1 Purpose of the implosion protection

Since the television picture tubes are
evacuated, a high pressure takes effect
upon the bulb. The weight acting on an
area of the bulb with a diameter of approx.
50 cm (19%/4”) amounts to 2 tons. This ex-
treme pressure has already been taken into
consideration during manufacture through
special precautions. Those parts of the
bulb subject to very high stresses are
provided with thicker walls. This prevents
the bulb from being destroyed under
normal conditions. In some isolated cases
however — whether due to improper han-
dling or adverse external influences — the
bulb may be damaged. Fine fissures or
checks as may be caused by shock or
impact will then eventually result in the
destruction of the picture tube due to
the high difference in pressure. This is
called an implosion, and the glass will
fly in all directions with tremendous force.
An implosion is the inward collapse of
an evacuated container due to a sudden
compensation of the pressure difference.
From the above it is seen that a gradual
compensation of pressure caused by a fine
crack in the glass is not an implosion.
Based on this concept, numerous techni-
ques have been developed, all serving the
same purpose, namely to prevent an im-
plosion caused by defects in the glass and
to protect the viewer and technician from
the effects of such a sudden destruction
of the bulb.

VDE Standard (Association of German
Electrical Engineers) 0868, containing ge-
neral specifications for implosion-pro-
tected picture tubes, has been in force
in Germany since Juli 1, 1963. This stand-
ard is binding for all German picture
tube manufacturers. The basic require-
ment of this standard is that implosion-
protected picture tubes must be designed
and rated so that implosion is impossible

with proper tube handling and, hence, no
hazard will exist for the user and the sur-
roundings.

2.2 Implosion protection according to the
SELBOND © method

One method of obtaining implosion-proof
picture tubes is the SELBOND implosion
protection method developed by SEL (see
illustration 1). With this method the me-
chanical stresses required for partial com-
pensation of the strains within the glass
are not obtained by means of a shrinking
process, but by direct mechanical pressure
on the critical zones of the bulb. The
frame is fitted around the bulb with a
high pre-tension. It is in direct contact
with the glass and is given mechanical
support by a sealing and filling material
filled in between the SELBOND frame and
the bulb.

This method ensures a high degree of
protection against implosion.

SELBOND FRAME

Figure 1: Implosion protection according
to the SELBOND ® method
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3. Symbols for the Quantities Listed Under Technical Data
(Example for Tetrode With Einzel-Lens

3.1 Typical Operating Conditions

Heater

Heater Voltage Us

Heater Current I¢ -
Anode :
Voltage Ug3gsa
Screen Grid

Voltage Ug2

Grid-No. 4

Focusing Voltage Ugs -
Control Grid o
Cutoff Voltage (=Uq1) cutoff
Cathode -

Cutoff Voltage Uk cutoff

3.2 Maximum Ratings

Anode

Voltage - Ug3gsa
Current I43g5a
Current-Limiting Resistance  Rg3gsa
Screen Grid

Voltage - Uq2
Current-Limiting Resistance  Rg»

Grid-No. 4

Focusing Voltage Ugs

Peak Voltage Ugs s -
Current-Limiting Resistance Rgq4

Control Grid o

Bias Voltage Ua
Peak Control Voltage Ugi p -
Maximum Grid Leakage

Resistance Rg1 max

Grid Leakage

Impedance (at 50 Hz) Zg )
Control Grid Current-

Limiting Resistance A1 min

Cathode -
Voltage " o
Grid Leakage Resistance Ri/q1
Impedance (at 50 Hz) Zygt
Peak Voltage - Ukp

Screen - o
Screen Dissipation Load  Pim -
Heater/Cathode

Voltage

Heater —

During Warm-Up Period UL
Heater —

After Warm-Up Period Utk
Heater —

Peak Voltage After Warm-Up

Period Utis
Resistance

External Resistance Rk
External

Impedance (at 50 Hz) Zs/k

3.3 Ratings for Circuit Design

Leakage Current lga
Leakage Current Tsy

Leakage Resistance ~ Ru/m’

3.4 Capacitances

Control Grid to All Other

Electrodes Cql -
Cathode to All Other

Electrodes - Ck —
Anode to External Conduc-

tive Coating ~ Cg3g5a/m
Anode to Metal Frame ~ Cg3g5a/m
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4. Characteristic Data of Biack and White Picture Tubes

4.1 Assembly

With similar types of picture tubes the
higher number behind the hyphen indica-
tes the latest development step.

The reference line is determined by the
designated plane of the reference line
gauge when it is seated against the funnel
of the bulb.

Depending on the geographical situation,
the earth’s magnetic field may cause a
central spot deviation. The raster displace-
ment may amount to 2 mm (5/s”) max.
The tube base may be within the designat-
ed tolerance circle with reference to the
vertical line through the centre of the
screen.

The tube is provided with a ring-shaped
graphite coating. The designated field in-
dicates the section provided for the
grounding spring.

The metal frame is insulated from the
ring-shaped graphite coating. The bare
metal mounting lugs may be used for
grounding the steel frame.

4.2 Operating data

Operating values other than those quoted
are not permitted. For special uses, write
for additional information.

The operating values are the mean values
of new picture tubes. All electrode volt-
ages refer to cathode potential.

The oxide-coated cathode is of the in-
directly heated type. Both alternating cur-
rent and direct current may be used, with
parallel or series connection.

The cutoff voltage is defined by the visual
extinction of the focused raster. The un-
deflected spot disappears only by making
the control grid voltage approx. 5V more
negative. This adjustment can easily cause
damage to the screen. Therefore the raster
measurement method is to be preferred.
The focusing voltage corresponds to the
optimum overall focus. The voltage value

to be set depends on the deflection yoke
used and the beam current. For optimum
focus at the centre of the screen the volt-
age value is normally 50 to 200 V lower.
The external coating of the tube is to be
connected to the negative high voltage
terminal.

4.3 Maximum ratings

With series connection of the heater the
heating voltage must not exceed 9,5 V
during warm-up period.

The maximum permissible deviation of the
heating currents is £ 6% from the nom-
inal value of 0,3 A.

The maximum permissible deviation of
the heating voltage is + 10% from the
nominal value.

Unless stated otherwise, the standardized
warm-up time applies for all picture tubes.
With regard to picture distortion, the inter-
ference introduced by the heater circuit
should be kept at the lowest possible
value. Therefore the alternating voltage
between heater and cathode should not
exceed the value Ug/x rms = 20 V.

The circuit for generating the operating
voltage must be so rated that the con-
tinuous current value at short-circuit is
less than 5 mA.

If the peak value of the short-circuit cur-
rent is equal to or higher than 1 A, or if
a charge of 250 uC or more is stored in
the voltage source, the protective re-
sistances indicated in the data sheets
should be inserted between the individual
electrodes and the filter capacitor of the
operating voltage source.

The maximum permissible current at grid-
No. 4 may be 25 uA.

The maximum negative voltage required
for focusing will not exceed 100 V.

When the anode voltage decreases below
its permissible minimum value, dark screen
areas may be produced, since the velocity
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of electrons is decreased by the alumi-
nium coating. With decreasing anode volt-
age the picture sharpness diminishes.
The high field strengths in the tube neck
may cause fluorescence on the glass wall.
However this is insignificant on the vacu-
um or the life of the tube.

4.4 Notes

4.41 On the technical data

(@ For cathode drive service.
Unless otherwise specified, voltage
values refer to grid-No. 1 potential.

(@ Standardized warm-up period.
Parallel or series connection.
With series connection of the heater,
the heater voltage must not exceed
9,5V during warm-up period.

® The focusing voltage is set for optimum
overall focus, and depends on beam
current and on the deflection yoke
used. For optimum focus in the centre
of the screen the voltage is about 50
to 200 V lower.

@ The cutoff voltage is determined by the

visual extinction of the raster.

For lg3g5a = 0.

When the anode voltage falls below its

minimum  permissible value, dark

screen areas may be produced, since

the velocity of electrons is decreased

by the aluminium coating. With de-

creasing anode voltage the sharpness

of the picture diminishes.

@ Tentative ratings.

Maximum duration 1,5 ms.

In order to avoid picture distortion, the

interference caused by the heater

circuit should be kept at the lowest

possible value. Therefore the alter-

nating voltage between heater and

cathode must not exceed 20 Vims.

During warm-up period, not exceeding
15 seconds, U_fk max May increase to
410 V; within 15 and 45 seconds this

®@©

@@

value must decrease at least gradually
to 250 V.

@ With separate transformer.

@ With series connection.

@® The voltage required for focusing will
not be below —100 V.

With mains supply * 15%.

With stabilized supply or with filament
supply from the scanning transformer
+10°%. With battery operation see
characteristic paragraph 4.5.

@® The screen grid voltage Uy is set in
such a manner that at a cathode volt-
age Uy cutoff = 45V a focused raster
will disappear. For visual extinction of
focused spot the voltage Uk cutoff is to
increase by approx. 5V.

By using a quick heating cathode the
picture will appear in approx. 5s,
when applying a constant heater volt-
age.

4.42 On the dimensional drawings

@ Anode cavity cap 7, 92 according to
DIN 41543 (JEDEC No. J 1-21).

@ The reference line is determined by the
designated plane of the reference line
gauge, if the gauge is seated against
the funnel.

® This area is free of external conductive
coating and must be kept clean.

@ The tube base will fall within a toler-

ance circle of max. 45 mm (14/s”)
diameter, with respect to the tube axis.
The socket should not be rigidly mount-
ed but must be connected by flexible
leads.
To avoid cracked stems, only those
sockets are allowed which cannot per-
form a point of contact with the pin
closer than 2 mm to the base bottom.

(® The tube has an external conductive
coating. The indicated field denotes
the section provided for the connecting
springs. The external conductive coat-
ing of the tube must be connected with
the negative high voltage terminal.
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®

@

®

®

® @

Dimensions of the bulb, measured at
the front edge of the implosion protec-
tion.

Nominal dimensions for the position
of the mounting bolts. For the bolts a
free passage of at least 4,0 mm (5/32”)
diameter is guaranteed in normal
mounting position.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 57 mm ('5/e”) diameter is
guaranteed in normal mounting posi-
tion.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 7,0 mm ('7/es”) diameter is
guaranteed in normal mounting posi-
tion.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 7,5 mm ("?/es”) diameter is
guaranteed in normal mounting posi-
tion.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 8,0 mm (5/16”) diameter is
guaranteed in normal mounting posi-
tion.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 85 mm 11/32”) diameter is
guaranteed in normal mounting position.

Nominal dimensions of the mounting
bolts. For the bolts a free passage of
at least 9,5 mm (3/s”) diameter is guar-
anteed in normal mounting position.

Tolerance range of the mounting lug.

The bare metal mounting lugs may be
used for grounding the metal frame.
Metal frame and external coating are
galvanically separated against each
other. They may be connected mutually
if it is allowed by the effective safety
rules. The impedance between metal
frame and external coating must not

@

exceed 1 MQ at 50 Hz and 5 kQ at
15 kHz.

The maximum deviation between one
screenside angle-seating and a plane
through the other three angle-seatings
will not exceed 2 mm (5/¢4”).

The Z points are reference points for
the vertical position of the X and Y
points.

The dimensions for the position of the
X, Y and Z points count also for the
border line of the minimum useful
screen area.

Angular deviation between the anode
cavity cap and a plane through the
base pins.

Range of validity for the bending radius
drawn in this section.

Distance of the faceplate of control
grid to the reference line.

4.5 Specifications for A 28—13 W,

A31-19 W, A31—120 W and A31—-250 W

|BY BATTERY OPERATION THE HEATER VOLTAGE|
MUST BE WITHIN THE HATCHED AREA
{DURING DISCHARGE PERIOD —1—

.

DISCHARGE PERIOD —=—

- MAX. -

30 min

Heater voltage for battery operation.
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4.6 Reference line gauges

Reference line gauge
L 1 DIN 41541
deflection angle 70°
neck diameter 36,5 mm

Reference line gauge
deflection angle 110°
neck diameter 20 mm

- ¢76,2to.a—~‘
ol — 939174005 =— | REFERENCE
Al
= | ‘ LINE
1 > T 7 —
B N Ke
S . S—r—
gl ' %
1| <-¢381+005 = -
p n
/ w0
| -
ls°
!

for picture tube
AW 17—69

= S L —
811430 -
=~ 910795005 ———=—f
= PL5,26+005=— N .
~—2282*2%2 1 curout 'on S
- -‘ISZO,L+ +"THE OUTLINE ‘3 ‘
i &
S 1 g9y, e "\TA
5 L S /X REFERENCE LINE | 3
T 5 5 Y-AXIS g
T+ B TR B
‘ | L || Y-0022835:+1016 ‘
*“fESO‘ ‘\\\ X-AXIS
f?zo,gszgfg? "
~— (38 =
for picture tubes
A31—-120W A31—-121W
A31—-250W A31-—-251W
Ad44—280W A44-—-281W
A37 —110W
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Reference line gauge Reference line gauge L1 DIN 44432
deflection angle 90° deflection angle 110°
neck diameter 20 mm neck diameter 28,6 mm

1 CUT-0UT ON THE OUTLINE

=——9%127£03

-

e p— .
/ \,‘57‘¢5358;j’05,> r - 10795 iZO,OSW———i %i
PPANLS 5 —~ | y=0022835 x2 +14,63 (mm)
o iz i Y e b
_'_'_‘_'g P 8‘9 3% ] i ,4,,$ —T 777 A |
S + S N G [to)
of 5 ik Ri5<; J 18 81 /?25__‘1 33
- w, 2> T Vg +l =
& + = 2 I ‘M g 1] s 5%
* RADIUS 15 TOUCHES WITH | T el R e P XAs
o fe] | /L°_o,5 :
THE ANGLES 6 AND 45 5"1 { SEEEREEE] % ulit il 77 11
/ | |l
} LINE $29,67+0025
ST —=  ¢508 ——
= 4352051
for picture tubes for picture tubes
A 28—13 W A 31—-15W
A 31—19W A 41-10W
A 31-191 W A 44—-13W/Q
M17—-18 W A 44—-13 W/3a
A 47-27 W/2
A 51—-10W
A 59-22W
AW 59—91
A 61-120W/2
A 65—-13W
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A31-19W
A31-191W

31 cm rectangular picture tube with 90°
electrostatic focusing,
aluminized screen and tension band in-
cluding tube mount for battery-operated

deflection angle,

television sets

94

92

9

93950
[
9
k

<

f

1. Generalities

f

Electron Gun

Tetrode with Einzel-
Lens

Heating Time

5s (approx.)

A31—-191 W
Bulb All-Glass Type
Base Special Miniature
(7 Pins)
Focusing Method Electrostatic
Deflection Method Magnetic

Deflection Angles

Diagonal 90°
Horizontal 80°
Vertical 63°

Neck Diameter

20 mm

Face Shape Spherical
Material  Filter-Glass
(Light Transmission
53 %0 approx.)
Screen Phosphor
P 4 Aluminized
Fluorescence Colour White
Colour Temperature 12 000 °K (approx.)
Minimum Useful 257 x 195 mm
Dimensions Diagonal 295 mm
Overall Length 268 + 9,6 mm
Weight 3 kg (approx.)

2. Typical Operating Conditions (D)

Us 11V

ls approx. 74 mA
Ugsgsa @ 13 13 kV

Ug2 200...350 ® 250V

Ugs ® 0...350 0...350V

Uk cutort @ 4532... 58V

3. Maximum Ratings

UgSgSa max ©7®7 71&/
UngSa mirl7© @ 10 kV -
Ug4 max o 450V

(=Ug4) max o0V
Tg4 max . 25pA
Ug2 max - . 450 V
ggLrgirniii R 180V

Uk max 19@7777
yk p max 350V B
gk min o o oV

(=Uk) p max 2V
@gmx - 1.5 MQ
ka/g}i(so Hz) max o 0,5 MQ
Ut max @ 110V
ULtip max 130V
Bf/k max @ 1,0 MQ

Zi/k max @ 0,1 MQW

4. Capacitances

Cql - approx.  6pF

ok approx. 5pF
Cg3g5a/m approx. 700pF

Cg3g5alm’ approx. 125pF

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-
trical Engineers, VDE.

12
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A31—-191W
Dimensional Drawings in mm
j——— 283 max: ﬁ* ——— 222 max—]
2778415 (5) — > e 21715 (§) —f &% |
y WS/ | | ¥ S
SPHERICAL |
| ‘ T T 3
TENSIONBAND — 5= —
| o 06 THICK . 7 ?
o I
‘ © ExTERNAL@//
@ < CONDUCTIVE
& | COATING -
@ s 1 & | |REFERENCE 5
| \Y = [N [ LiNE
o ‘ DIAGONAL \G) @;.@100
| 3 20408 ‘ ANODE CAVITY CAP INSULATING
1 § S<ctos 792 DIN 41543 (L)) COATING
(%) JEDEC J1-21 A2/ WITHouT
U~ ™ CONDUCTIVE
COATING
2664 (8)— »{
“‘ —— 257min. ——
‘\ [=-107.5 —
" ]
I USEFUL
| f o ~SCREEN AREA
@® L g
—/ c
« g 1
2w
2w N\
~N - AN
N A\
| 2N A ® "

0,5
B L\j* DETAIL U

& BASE
{ [X—\— 7-10 DIN 44 440

w
wun
max.

° T gea~
® 5
DETAIL OF % Sy 5 :1 o
PANEL | 2 N E2
xg 9 ° /\'>f k
31 o R =X ¢
gle
E wn
(V‘ w
= 01,0220,05

| ¢60max. INCLUDING

ECCENTRICITY A31-19W

O Notes see pages 8 and 9 Reference line gauge see page 11
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A31—-120 W
A31—121W
31 cm rectangular picture tube with 2. Typical Operating Conditions ()
110° defl.ecftlon angle, electrostatlc_ focus- Us 17V
ing, aluminized screen and steel reinforce- T approx. 74 mA
ment including tube mount Ustesa @ 13 13 KV
Ug2 200...350 ® 250V
Ugs @ 0,..350 0...350V
g a 9
o % Uc cutott @ 45 32... 58V
9 9 3. Maximum Ratings
UgSgSa max ©7® 14 ISV
Ugagsa min ©® @ 10 kV
94 k Ug4 max 450V
‘ (=Ug4) max 50V
f f UgZ max 350V
Ug2 min 200V
Um - 100V
1. Generalities Uk min OV
= ——————— Uy p_max 350V
Electron Gun Tetrode with Einzel-
Lens Rk/g] max 1,5 MQ
= 5 - Zk/gl max 0,5 MQ
Heating Time isé$5?£c;xvzl ULk mox @ 110V
Bulb All-Glass Type gi‘/k p_max 130V
Base Special Miniature tk_max @ 1,0 MQ
(7 Pins) zi’/k max @ 0,1 MQ
Focusing Method Electrostatic . L. )
Deflection Method  Magnetic 4. Ratings forv Circuit Design
Deflection Angles Diagonal  110° lg2 < * 5uA
Horizontal  99° lg4 < =+ 25uA
— Vertical 8?17 Rm/m’ z 2 MQ
Neck Diameter 20 mm
Face Shape Spherical 5. Capacitances
Material Filter-Glass
(Light Transmission Col Approx: g pv'lz
52% approx.) Ck 2pprox. P
Screen Phosphor P 4 Cg3g5alm mex 850pF
Aluminized Cg3g5a/m min 550 pF
Fluorescence Colour White Cg3g5a/m’ max 200 pF
Colour Temperature 12 000 °K (approx.) . . .
Minimum Useful 257 x 195 mm Implqsnon protectlo_n t_:y steel remforcemen?.
Dimensions Diagonal 295 mm Admitted by Association of German Electri-
Overall Length 233 mm max. cal Engineers, VDE.
Weight 2,7 kg (approx.)
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Black and White Picture Tubes

A31-120W
A31-121W
Dimensional Drawings in mm
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O Notes see pages 8 and 9
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Reference line gauge see page 10
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Black and White Picture Tubes

A 31-250 W
A31-251W

31 cm rectangular picture tube with
110° deflection angle, electrostatic focus-
ing, aluminized screen and steel reinforce-
ment including tube mount

a

9y 395
92 : 91
9 k

<

f f

1. Generalities

Electron Gun " Tetrode with Einzel-

~ lLens - B
Heating Time 5s (approx.)
A31-251W
Bulb All-Glass Type
Base Special Miniature
- (7 Pins) o
Focusing Method ~ Electrostatic
Deflection Method ~ Magnetic
Deflection Angles Diagonal 110°
Horizontal ~ 99°
- ~ Vertical 82°
Neck Diameter 20 mm
Face Shape Spherical
Material ~ Filter-Glass
(Light Transmission
o ~ 52%approx.). .
Screen Phosphor P 4

- ~ Aluminized
Fluorescence Colour White B
Colour Temperature 12 000 °K (approx.)
Minimum Useful 257 x 195 mm
Dimensions Diagonal 295 mm

229 mm max.

Overall Length r
Weight 2,7 kg (approx.)

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-
trical Engineers, VDE.

2. Typical Operating Conditions (1)

ur® 1V

Is - ~ approx. 74mA
Ugagsa @ 18 13kV
U  200...350 ® 250V -
Us®  0...350 0...350V
ULcutof@ - 4i 32... 58V
3. Maximum Ratings

ggSQSa max @7@ 14 kV
U9395a min @ @ 10 kv
Usa max 450 V
(—U94) max 50V

Ug? max 350V
292 min 200V

Uk max 100V

Uk min ov

Uk p max 350V
Hk/g] max 1,5 MQ
Zk/g] max 0,5 MQ
UEik max @ 110V
Ufino max 130V
Rk max @ 1,0MQ
Zi/k max @ 01MQ
4. Ratings for Circuit Design

Ig? 7§ 5 UiAi
lg4 < +25uA
Ruwim Z 2MQ
5. Capacitances

Cq1 ~ approx. 6 pF

ck approx. 5pF
99395a/m max 850 pF
Cg3g5a/m min 550 pF
Cg3g5a/m’ max 200 pF
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Black and White Picture Tubes

A 31-250 W
A 31-251W

Dimensional Drawings in mm
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O Notes see pages 8 and 9
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Reference line gauge see page 10
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Black and White Picture Tubes

A37-110 W

37 cm rectangular picture tube with 110°

deflection angle,

electrostatic focusing,

2. Typical Operating Conditions (O

aluminized screen and steelreinforcement he > 1Y
including tube mount . T approx. f4mA
Ug3g§a o & -
U v
Ut @ 0...3500...350V
Uk cutott @ 45 32... 58V
gy 3 99 3. Maximum Ratings
Ug3g5a max @7® 14 kV
9 9 Uggsamn ® @  10kV
Ug4 max 450 V
(—=Ug4) max B 50V
91 k Ug2 max 350V
‘ Ug2 min 200V
f Uk max 100 V
Uk min oV
Uk s wiax ' ® 350 V
Rk/g] max 1,5 MQ
Zi/g1 max 0,5 MQ
1. Generalities Ui max @ 110V
Electron Gun  Tetrode with Einzel-  UZg/kp max 130V
Lens Ri/k max @ 1,0 MQ
Bulb All-glass Type Zp e 0,1 MQ
Base Spezial Miniature
(7 pins) 4. Ratings for Circuit Design
Focusing Method Electrostatic
Deflection Method  Magnetic 192 %f 22 ttﬁ
Deflection Angles Diagonal 110° ;4 - > > MO
Horizontal 99° m/m’ =
Vertical 82° .
Neck Diameter 20 mm B ~ 8. Capacitances
Face Shape Spherical Cyl approx. 6 pF
Material ~ Filter-Glass Ck approx. 5 pF
(Light Transmission Gl b 850 pF
52%0 approx.) -
Screen Phosphor P 4 Alu- Codalel oty 550 pf
Cgo3ga/m’max 20 pF

Fluorescence Colour White

minized

Calqur Temperature
Minimum Useful

Dimensions

12000 °K (approx.)

216 x 288 mm
Diagonal 339 mm

Overall Length

251 mm (max.)

Weight

3,2 kg (approx.)

Implosion protection by steel reinforcement
Admitted by Association of German Elec-
trical Engineers, VDE.
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Black and White Picture Tubes

A37-110 W
Dimensional Drawings in mm
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Reference line gauge see page 10
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Black and White Picture Tubes

A 44—-13 W/3
A 44 — 13 W/3a

44 cm rectangular picture tube with 2. Typical Operating Conditions (O
110° deflection angle, electrostatic focus- Ur @ 63V
ing, aluminized screen and steel reinforce- It 0:3 F6%A
ment including tube mount Ugsesa 20 KV
U2 400 500V
Ugs @ 0...400 0...400V
ULCU(OH @ 16 sx: 00 745 5 7797\/7 )
a
94 395 3. Maximum Ratings
Ug3gsa maxf@i 20 kV
92 91 Ug3g§a min @ 7137RV; B
ﬂg§g$a min 16 kQ -
g K gg4rmax - 1QQ01 ;
L (_Ug4)r max 5007V7
‘ Rg4 min 470 Q,
o™ ggz max S 77550l -
yg2 min - e 350 V -
Bg2 min - - 470 Q o
Uk max 150 V
1. Generalities Uk min oV
Electron Gun " Tetrode with Einzel- Uk p max 400 ¥
Lens (=Uk) p max 2V
BJ',b - A”-GilaSSV Type gk/g 1 max 1,5 MQ
Base g:ltar\vl'rg[izs?tandard Rk/1g 1L ek 105’8 '\Q"Q
g min
; (Short Design) Pim max 10 mW/cm?
Focusing Method Electrostatic U=t max1 @ ® 410V
Deflection Method ~ Magnetic Ut max2 @ @ 200V
Deflection Angles  Diagonal  110° U+ t/k max 135V
Horizontal ~ 99° Rt/k max @ 1,0 MQ
Vertical 82° Zi/k max @ 0,1 MQ
Neck Diameter 28,6 mm
Face Shape Spherical 4. Ratings for Circuit Design
Material  Filter-Glass l;w + 5/
(Light Transmission ;zj — é*;zfzg tt: T
e 58%approx.) Rm/m’ > 2 MQ
Screen Phosphor =
P 4 Aluminized .
Fluorescence Colour White 5. Capachtances
Colour Temperature 12 000 °K (approx.) Co approx. 6 pF
Minimum Useful 346 x 270 mm Cx approx. 5 pF
Dimensions Diagonal 413 mm Cg3g5a/m max 1200 pF
Overall Length 293,2+6,5 mm Cg3g5a/m min 800 pF
Weight 5,6 kg (approx.) Cy3g5a/m’ approx. 300 pF

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-

trical Engineers, VDE.
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Black and White Picture Tubes
A 44—13 W/3

Dimensional Drawings in mm
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O Notes see pages 8 and 9 Reference line gauge see page 11
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Black and White Picture Tubes
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Black and White Picture Tubes

A 44--13 W/3a
Dimensional Drawings in mm
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O Notes see pages 8 and 9
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Reference line gauge see page 11
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Black and White Picture Tubes

A 44-280 W
A 44-281 W

44 cm rectangular picture tube with 110°
deflection angle, electrostatic focusing,
aluminized screen and steel reinforcement

9 3950
92 9
94 k

Sl

f f

1. Generalities

Electron Gun Tetrode with Einzel-

) Lens B

Heating Time 5s (approx.)

-  A44-281W
Bulb All-Glass Type
Base Special Miniature

) (7 Pins)

Focusing Method  Electrostatic
Deflection Method ~ Magnetic

Deflection Angles  Diagonal 110°
Horizontal 99°
e Vertical ~ 82°
Neck Diameter 20 mm
Face  Shape  Spherical
Material Filter-Glass
(Light Transmission
52 %o approx.)
Phosphor
- - P4 Aluminized
Fluorescence Colour White
Colour Temperature 12 000 °K (approx.)
Minimum Useful ~  346x270 mm

Screen

Dimensions - Diagonal 413 mm
Overall Length 284 mmmax.
Weight 5,6 kg (approx.)

Implosion protection by steel reinforcement.

Admitted by Association of
German Electrical Engineers, VDE.

2. Typical Operating Conditions (D)

Us o 1MV
It ~ approx. 74mA
Uq3g5s @ 13 13 kV
Ugz  200...350 ® 250V
Us® 0...350  0...350V
Uk cutott @ 45 32... 58V
3. Maximum Ratings

UngSa max @ @7 ikv
Ugtgsamin © @ 10kV
Ug4 max 450V
(_Mimpx ) ELOL
UMax 73570V
Ug2 min B 200 V
gk max o 100V
Ulj min e 0 V N
Uk p max 350V
RMmax 1,5 MQ
Zk/g1 max - 0,5 MQ
%!ﬂax @ § 110V
gif/k p max 130V B
Rf/k max @ - 1 MQ
Z/k max @ O,LMQ
4. Ratings for Circuit Design

IgZ g & 5 iLA
lgs < * 25uA
':m/m' = 2MQ
5. Capacitances

Cql ~ approx. 6pF
Ck ~ approx. 5pF
CgSgSa/mrmax 1509 PF
Cg3g5a/m min 1@;":
Cg3g5a/m’ max 550 pF
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Black and White Picture Tubes

A 44-280 W
A 44-281 W

Dimensional Drawings in mm
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Black and White Picture Tubes

A51—-10W

51 cm rectangular picture tube with 110°
deflection angle, electrostatic focusing,
aluminized screen and steel reinforcement
including tube mount

a

9 3 %
9 91
91 k

1. Generalities

Electron Gun Tetrode with Einzel-

B Lens )
Bulb All-Glass Type -
Base German Standard

DIN 44431
~ (ShortDesign) )
Focusing Method Electrostatic
Deflection Method = Magnetic B
Deflection Angles  Diagonal 110°
Horizontal 99°
- Vertical 82°
Neck Diameter 28,6 mm )
Face Shape Spherical
Material Filter-Glass
(Light Transmission
49 °/o approx.)
Screen Phosphor P 4 Alu-

minized
Fluorescence Colour White
Colour Temperature 12 000 °K (approx.)
Minimum Useful 394 x 308 mm o

Dimensions Diagonal 473 mm
Overall Length - 321,5x65mm
Weight 10 ka (approx.)

2. Typical Operating Conditions

Ut @ 6,3V
It 03+6%A
Ug3gsa 20 kV
Ug2 400 500 V
Ugs ® 0...400 0... 400V
('Ug'l) cutoff@ 40... 77 50... 93V
Uccutoft @ 36... 66 45... 79V
3. Maximum Ratings

Ugag5a max @ 20 kV
Ung5a min 13 kV
RgSgSa min 16 kQ
Ug4 max 1000 V
(_Ug4) max @ 500 V
lgA max 25 HA
Rg4 min 470 Q
U92 max 550 V
Ug? min 350 V
Rg2 min 470 Q
Ug1 max oV
(_Ug'l) max 150 V
Ug'l p max 2V
(_Ug'l) p_max 400V
Rg'l max 1,5 MQ
Zg] max 0,5 MQ
Rgl min 150 Q
Pim max 10 mW/cm?
U—f/k max 1 7@ 410V
U_ f/k max 2 @ @ 250V
U_tk p max 300 V
U+ f/k max 135V
Hf/k max 1,0 MQ
Ztik max @ ) 0,1 MQ
4. Capacitances

Cgql approx. 6 pF
Ck approx. 5pF
Cg3g5a/m min 1400 pF
Cg3g5a/m max 2100 pF
Cg3g5a/m’ approx. 390 pF

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-
trical Engineers, VDE.

26



Black and White Picture Tubes

A51—-10W
Dimensional Drawings in mm
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Reference line gauge see page 11
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Black and White Picture Tubes

A 61-120 W/2

61 cm rectangular picture tube with 110°

2. Typical Operating Conditions

deflection angle, electrostatic focusing, (; @ 6,3V
aluminized screen and steel reinforcement I 03 t 6%A
including tube mount Ug3gsa 20 kV
Ug2 400 500 V
Ugs ® 0...400 0... 400V
9395 (—Ug])cumff@40... 77 50... 93V
94 . Uccutoit @  36... 66 45... 79V
3. Maximum Ratings
92 9
Ugag5a max ® 20 kV
Ug3gSa min @ 13kV
94 k R9395a min 16 k2
i Usa wraw 1000 V
e S’ U 5 s 2500 V
(_Ug4) max 500V
Rg4 min 470 Q
Ug2 max 550 V
. Usz2 win 350V
chiieneramies 7 . Bitwa 4700
Electron Gun Tetrode with Einzel- Ut imex oV
Lens Usil p max 2V
Bulb - All-Glass Type (—Ug1) max 150V
Base German Standard (—Ug1) p max 400 V
DIN 44431 R max 1,5 MQ
- (Short Design) Za1 max 0,5 MQ
Focusing Method Electrostatic Rai min 150 Q
Deflection Method  Magnetic Pim max 10 mW/cm?
Deflection Angles  Diagonal 110° U_thkmax 1 ©® ® 410V
Horizontal 99° U_tkmax 2 ©® ® 250 V
= — w,,i,, U—f/kp max 300V
,N,eCk Qi,ameter 28’6, ’Prf,‘,,,,, U+f/k max 135V
Face Shape Spherical U £ ik o max 180V
Material  Filter-Glass Ri/k max @ 1,0 MQ
(Light Transmission Zi/k max @ 0,1 MQ
44 °/o approx) . o .
Screen Phosphor P 4 Alu- 4. Ratings for Circuit Design
minized lg2 < * 5uA
Fluorescence Colour White lg4 < £ 250A
Colour Temperature 12 000 °K (approx.)  Rm/m’ = 2 M@
Minimum Useful 481 x 375 mm ;
Dimensions Diagonal 577,5 mm 5. Capacitances
Overall Length 362+8 mm Cal approx. 6 pF
Weiaht - 13 kg (approx.) Ck approx. _ 5pF
B ) Cg3g5a/m max 2600 pF
Implosion protection by steel reinforcement.  Cg3g5a/m min 1700 pF
Admitted by Association of German Elec-  Cg3g5a/m’ max 580 pF
trical Engineers, VDE. Cg3g5a/m’ min 380 pF
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Black and White Picture Tubes

A 61—-120 W/2

Dimensional Drawings in mm
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O Notes see pages 8 and 9
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Reference line gauge see page 11
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Black and White Picture Tubes
AW 17-—-69 and A 17—69 ..

For Replacement

17 cm rectangular picture tube, aluminized Electron Gun Tetrode with Einzel-
screen, for industrial television Lens
Bulb All-Glass Type
Base Duodecal DIN 41536
with 7 Pins
Focusing Method Electrostatic
Deflection Method ~ Magnetic -
Deflection Angles  Diagonal  70°
Horizontal  60°
) Vertical ~ 50°
Neck Diameter ~ 365mm -
Face Shape Flat
~ Material Clear Glass
Screen Phosphor P4 Alu-
minized
Minimum Useful 96 x 126 mm
Dimensions Diagonal 155 mm
Overall Length 256 £ 10 mm -
1. Generalities Weight - 07 kg (approx.)
Type Fluorescence Colour ~ Persistence -
AW 1769 Whitish Medium 1073...107's
A 17-69BE  Blue Medium Short 10%...103s
A 17-69GJ Yellowish-Green Medium 10724 : 107
A 17-69GM Purplish-Blue Long . 10"... 1 s
A 17—69LF Orange Long 10'... 1 s
2. Typical Operating Conditions Rt/k max @ 1,0 MQ
Us @ 6,3V Zi/k max @ 0,1 MQ
It 03+6%A U_tkmax1 @ © 410V
Ug3gsa 14 kV U_tik max2 @ 250V
Uqg2 300 400 V U — ik p max 300 V
Ut @ 0...400 0...400V U+ t/k max 135V
(=Ug1) cutott @ 35...75 48...102V g;] f:i: max 1285\2
3. Maximum Ratings Rg2 min 470 Q
Upagse max @ 16 kV Ros mi o
Ug3gSa min @ R ﬂv, S a3gde min
Ugs max = 160 ¥ 4. Ratings for Circuit Design
Ug2 max 460 V
Uszinie 200V lg <+ 5uA
Ugl max - ov lq4 < + 25 A
Lg?j:;:ax 15(2):// 5. Capacitances
(=Uqg1) p max 400V Cg] . approx. 7pF
T— 10 mW/cm? Ck approx. 5 pF
Rg1 max 1,0 MQ Cg3g5a/m min »@F’F
Z31 max 0,5 MQ Cg3g5a/m max ~ 800pF
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Black and White Picture Tubes

AW 17—69 and A 17—69 ..

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes

M17-18 W

For Replacement

17 cm rectangular monitor tube with 70°
electrostatic focusing,

deflection angle,
and aluminized screen

94 3950
9z 94
91 k

1. Generalities

Electron Gun

Tetrode with Einzel-
Lens

Bulb All-Glass Type

Base Special Miniature
(7 Pins)

Focusing Method Electrostatic

Deflection Method Magnetic

Deflection Angles

Diagonal 70°

(approx.) Horizontal  60°
Vertical 50°
Neck Diameter 20 mm
Face Shape Flat
Material Clear Glass

Screen

Minimum Useful
Dimensions

Phosphor P4 Alu-
_minized

95 x 125 mm
Diagonal 155 mm

Overall Length
Weight

205 mm max.

0,7 kg (approx.)

Type Fluorescence Colour Persistence

M17 —18 W Whitish Medium 102...10"'s

M 17 — 18 BE Blue Medium Short 107510738
M17 —18 GJ Yellowish-Green Medium 103...10's

M 17 —18 GM  Purplish-Blue Long 107... 1 8
M17 — 18 LF Orange Long 107... 1 §

2. Typical Operating Conditions (O (=U) pmax 2V )
Uf 11V Rr"l max - 1,5MQ
I approx. 74 mA  Zg1 (50 HZ) max 0,5 MQ
UgSgSa 11 11 kV Uz ik max @ 110V
Ug2 200—350 ® 250 V U= #/k p max 130V
Ugs ® -100... + 300 -100... + 300V Rt/ max @ 1MQ
Uk cutoff @ 45 32 .. 58 V Zs/k (50 HZ) max @ 0,1 MQ

3. Maximum Ratings

4. Ratings for Circuit Design

UgSg5a max @ 12 kV IgZ - < + 5 .L‘Ai
Ug3gSa min @ 7,5 kV Ig4 - é i 25 lLlA B
Ug4 max 450 V )

(—Ug4) max 100V 5. Capacitances

Ug2 max 450 v Cal approx.  6pF

UgQ min 180 V Ck approx. 73 pF

Uk max o 100 V. Cq3g5a/m ~ approx. 350 pF

Uk min ov 7 )

gk p max 350 V,i
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Black and White Picture Tubes
M17-18 W

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes

A 28—-13 W

For Replacement

28 cm rectangular picture tube with 90°
deflection angle, electrostatic focusing,
aluminized screen and tension band in-
cluding tube mount for battery-operated

television sets

94

9

9

939s5@

-

9

ol

f

1. Generalities
Electron Gun

f

Tetrode with Einzel-
Lens

Bulb
Base

Focusing Method
Deflection Method
Deflection Angles

Neck Diameter
Face Shape
Material

Screen

Fluorescence Colour
Colour Temperature
Minimum Useful
Dimensions

Overall Length
Weight

Implosion protection

“Al-Glass Type
Special Miniature
(7 Pins) )
“Electrostatic
‘Magnetic
‘Diagonal 90°
Horizontal 80°
Vertical 63°
20 mm
Spherical
Filter-Glass

(Light Transmission
57 %o (approx.)
Phosphor P4 Alu-
minized

White

12 000 °K (approx.)
228 x 171 mm
Diagonal 262,5 mm
245 + 5 mm

2,0 kg (approx.)

by steel reinforcement.

Admitted by Association of German Electri-

cal Engineers, VDE.

2. Typical Operating Conditions (D

u@ ) 11V

It approx. 75mA
Ussgsa @ 13 kV

Up  200...350 250 V

Ugs ® 0...350 0...350V

Uk cutoff @ 45 732 sew D8V B
3. Maximum Ratings

UngSa max @ @ N 14 kV
Ung5a min @ @ 10 kV B
Ug4 max 450 V

(=Ug4) max 100 V

/94 max - 25 ‘llA

Ug? max 450V

Ug? min 180V

Uk max o 100 V B
Uk min - oV

Uk p max 35Q \7/7

Rl max CisMQ
Qg] max 0,5 MQ

Pim max 10 mW/Cm}
UZpk max @ 110V

Uif"k P max - 71370 \Y -
Re/ max @ 1,0 MQ

Zf‘l; max @ 0,1 MQ

4. Capacitances

Cql -

Ck approx.
Coagsalin approx.
Cg3g5a/m’ approx.

approx.  6pF

5 pF
700 pF
150 pF
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Black and White Picture Tubes

A28—-13 W

For Replacement

Dimensional Drawings in mm
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e
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O Notes see pages 8 and 9
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Black and White Picture Tubes
A31-15W

For Replacement

31 cm rectangular picture tube with 110° 2. Typical Operating Conditions (D

deflection angle, electrostatic focusing, Us @ 63V
aluminized screen and tension band in- I 03%6%A
cluding tube mount . 12KV
Ug2 300V
Ugs ® 0...400V
9395° Uk cutoff @ 35... 69V

94 .

3. Maximum Ratings

g2 91 UgSgSa max @,,, S - 187kv -
Ug3gsa min © 12 kV
g k Rg395a min 16 kQ
1 Ugt max 1000 V
7 = 500V
£ f P 25 1A
'394 min 470 Q
Ug? max 550V
U92 min 200V
1. Generalities Rg2 min 470 Q
Electron Gun  Tetrode with Einzel- Uk max 150V
Lens Uk p max 220V
Bulb All-Glass Type Uk min oV
Base German Standard (=UW) p max 2V
DIN 44431 Ri/g1 max 1,5 MQ
(Short Design) - Zi/g1 max 0,5 MQ
Focusing Method  Electrostatic Rg1 min 150 Q
Deflection Method  Magnetic Pim max 10 mW/cm?
Deflection Angles  Diagonal  110° U_thmax1 @ @ 410V
Horizontal ~ 99° U-tkmax2 @ @ 200V
Vertical 80° U - #/k max 135V
Neck Diameter 28,6 mm Rit/k max ) . 1ome
Face  Shape Spherical s Ztik max @ 0,1 MQ
Material Filter-Glass )
(Light Transmission 4. Capacitances
- 53 % approx.) a1 approx. 6 pF
Screen Phosphor P4 Alu- Ck approx. 5 pF
. minized . Cg3g5a/m approx. 650 pF
Fluorescence Colour White Cg3g5a/m’ max 200 pF
Colour Temperature 12 000 °K (approx.)
Minimum Useful 257 x 195 mm
Dimensions Diagonal 295 mm
Overall Length 2376 + 6,4 mm
Weight ) 2,7 kg (approx.)

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-
trical Engineers, VDE.




Black and White Picture Tubes
A31-15W

For Replacement

Dimensional Drawings in mm

285max.
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O Notes see pages 8 and 9
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Black and White Picture Tubes

A41-10W

For Replacement

41 cm rectangular picture tube with 110°
electrostatic
aluminized screen and steel

deflection angle,

cluding tube mount

94

9

9

—

1. Generalities
Electron Gun

Bulb
Base

Focusing Method
Deflection Method
Deflection Angles

Neck Diameter
Face Shape
Material

Screen

Fluorescence Colour
Colour Temperature
Minimum Useful
Dimensions

Overall Length
Weight

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-

93950
[
9
k

Tetrode with Einzel-
Lens

All-Glass Type
German Standard
DIN 44431

(Short Design)
Electrostatic
Magnetic
Diagonal
Horizontal
Vertical

28,6 mm
Spherical
Filter-Glass
(Light Transmission
63 %o approx.)
Phosphor P4 Alu-
minized

White

12 000 °K (approx.)
322 x 254 mm
Diagonal 372 mm
273 £ 7 mm

4,2 kg (approx.)

110°
99°
82°

trical Engineers, VDE.

focusing,
jacket in-

2. Typical Operating Conditions

Ur @ 63V
It - 03+6%A
Ug3gsa 18 kV

Ugo 400 V

Ut @ 0...400V
(=Uq1) cutott @ 40... 77V

Uk cutoff @ 30... 66 V

3. Maximum Ratings

Uq3g5a max ® 18kv
UgSgSa min @ 13 kV
Ug4 max 1000 V
(_Ugtl) max 500 V
Ig47max 25 uA
Ug? max 550 V

U92 min 200V

Ugl max oV

Ugl p max 2V
(j,U91) max 150 V .

Ra1 max 1,5 MQ
Zg i 0,5 MQ
Pim max JO [T]W/sz
U _#/k max 1 ?((D_ 7410V
U_tikmax2 @ ® 200 V

U + #/k max 71375 Vv

Rf/k max @ - 1,07MQ
Zf/k max @ O,WQ

4. Capacitances

Ca ~ approx.  6pF

Ck approx.  5pF
Cadgsaim mox 1500 pF
Cg3g5a/m min 800 pF
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Black and White Picture Tubes
A41i—-10W

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes
A 47—27 W/2

For Replacement

47 cm rectangular picture tube with 110° 2. Typical Operating Conditions

deflection angle, electrostatic focusing, Us @ 63V
aluminized screen and steel reinforcement Is 0'3 6% A
including tube mount Usinta 20KV
Ug 400 500 V
Ug ®  0...400 0...400V
9 g3gsa (<Ug1) cutost@®40 ... 77 50... 93V

gkcutoff@) 36... 66 45... 79V

3. Maximum Ratings

Ug3gsa max ® , 20kV
92 QingSa min @ - 13 kV
Rg3g5a min 16 kQ
Ug4 mex N 1000 V
tof Ug4 p max 2500V
(—Usd) max - s0v
R4 min 470 Q
Ug2 max 580V
1. Generalities Usg2 min 350V
Electron Gun Tetrode with Einzel- Rq2 min 470Q
Lens Ug1 max — == oV
Bulb All-Glass Type Us1 p max 2V
Base German Standard (=Ug1) max S 150V
DIN 44431 (=Ug1) p max 400 v
~__ (Short Design) Rolmex S (1)2 mg .
Focusing Method  Electrostatic Zg1 mox ~1550
Deflection Method  Magnetic Rg1 min P ———— =
Deflection Angles  Diagonal  110° Pim max_ 10 mW/cm
Horizontal ~ 99° U_ikmax1 @ @ 410V -
Vertical 82° Ustkmx2 @ ® 200V
Neck Diameter 28,6 mm U -t/ p max . 300V )
Face Shape Spherical U + #/k max - 138V
Material  Filter-Glass U+ t/k p max o 18V
(Light Transmission Ri/k max @ ) ~1o0MQ
49 °/o approx.) Zi/k max @ ~ 01MQ
SRERD i’w?r?iszzzor Pl 4. Ratings for Circuit Design
Fluorescence Colour White g2 o < * 5uA
Colour Temperature 12 000 °K (approx.) lsa ) < £25uA
Minimum Useful 384 x 305 mm m/m’ = 2Me
Dimensions Diagonal 446 mm 5. Bapacitsnces
Overall Length 3025 % 6,5mm o -
Weight 8 kg (approx.) Cql ‘approx.  6pF
T Ck approx. 5 pF
Implosion protection by steel reinforcement.  Cg3gsa/m max 1500 pF
Admitted by Association of German Elec-  cg3g5a/m min 1000 pF
trical Engineers, VDE. Cg3gsalm’ approx. 350 pF
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Black and White Picture Tubes
A 47-27 W/2

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes

A 59-22 W

For Replacement

59 cm rectangular picture tube with 110°

2. Typical Operating Conditions

deflection angle, electrostatic focusing, ;. () 63V
?Iumin_ized screen and steel reinforcement s 03%6%A
including tube mount Un3asa = 20 KV
Ug2 . 400 500 V
Ugs ® 0...400 0...400V
93950 (—Ug1) cutott @ 40... 77 50... 93V
94 . Uk cutott @ 36... 66 45... 79V
3. Maximum Ratings
92 9 :
UgSgSa max @ 20 kV
UgSgSa min @ 13 kV
94 k Rg3g5a min 16 kQ
. Ug4 max 1000 V
— ('—Ug4) max 500 V
f f Ug4 p_max 2500 V
Rg4 min 470 Q
Ug2 max 550 \!
1. Generalities g:: ::: iggg\g
Electron Gun Tetrode with Einzel- U1, ax oV
Lens Ugl P max 2V
Bulb ~_All-Glass Type (—Ug1) max 150 V
Base German Standard (=Ug1) p max 400 V
DIN 44431 Rg1 max 1,5 MQ
(Short Design) Zg1 max 0,5 MQ
Focusing Method Electrostatic Ra1 min 150 Q
Deflection Method ~ Magnetic Pissinax 10 mW/cm?
Deflection Angles Diagonal 110° U_tikmx1 @ ® 410V
Horizontal 99° U_tkmax2 @ ® 250V
i Vertical 82° U_ i max 300V
Neck Diameter 28,6 mm 0 it 135V
Face Shape Spherical U il msse 180V
Material Filter-giass Ri/k max @ 1,0 MQ
(Light Transmission Zilkmax @ 0,1 MQ
44 °/o approx.) . . i
Screen " Phosphor P4 Alu- 4. Ratings for Circuit Design
minized lg2 <* 5uA
Fluorescence Colour White lg4 SE25uA
Colour Temperature 12 000 °K (approx.) Ren/m’ = 2MQ
M.inimum Useful 469 x 385 mm 5, Capacitances
Dimensions Diagonal 566 mm . P
Overall Length 360 = 8 mm Cql ) approx. 6 pF
Weight 13 kg (approx.) Ck approx. 5 pF
- Cg3g5a/m max 2600 pF
Implosion protection by steel reinforcement.  Cg3g5a/m min o 1700 pF
Admitted by Association of German Elec-  cg3g5a/m’ max 580pF
trical Engineers, VDE. Cg3g5a/m’ min 380 pF

42



Black and White Picture Tubes
A 59-22 W

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes

AW 59--91

For Replacement

59 cm rectangular picture tube with 110°

2. Typical Operating Conditions

deflection angle, electrostatic focusing and Ur @ 63V
aluminized screen, without steel reinforc- I 03+6%A
ement. e 18KV
Ug2 400 500 V
93950 Uge ® 0...400 0... 400V
T (=Ug1) cutoff@40 ... 77 50... 93V
g9, 9 3. Maximum Ratings
Ug3g5a max @ 18 kV
UngSa min @ 13 kV
91 k RgSgSa min 16 kQ
_ . 1000 V
f = f (_Ug4) max 500V
Ug4 p max 2500V
Ry min 470 Q
1. Generalities U:2 —_— 550 V
Electron Gun Tetrode with Einzel- ng min i;g\glz
Lens 92 min
Bulb All-Glass Type Ug max ov
Base German Standard Ugi o max 2V
DIN 44431 (—=Ug1) max 150 V
(Short Design) (=Uqg1) p max 400 V
Focusing Method Electrostatic Rg1 max 1,5 MQ
Deflection Method ~ Magnetic Zg1 max 0,5 MQ
Deflection Angles  Diagonal 110° Rg1 min 150 Q
Horizontal 99° Pim max - 10 mW/cm?
Vertical 82° U tkmax1 @ ® 410V
Neck Diameter 28,6 mm U_tikmax2 @ @ 200V
Face Shape Spherical U _#/k p max 300V
Material Filter-Glass U £/k max 125V
(Light Transmission U & #/k p max 180V
75 %0 approx.) Ri/k max 1,0 MQ
Screen  Aluminized Zi/k max @ 0,1 MQ
Fluorescence Colour White =
Colour Temperature 12 000 °K (approx.) 4. Ratings for Circuit Design
Minimum Useful 489 x 385 mm / < + 5uA
Dimensions Diagonal 566 mm /zj ::: g + 25 iltA
Overall Length 358 £ 8 mm
Weight 12 kg (approx.) 5. Capacitances
Cgl ) approx. 6 pF
ck  approx. 5pF
Cg3g5a/m min 1700 pF
Cg3g5a/m max ZSQpF
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Black and White Picture Tubes
AW 59-91

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes

A 65—-13 W

For Replacement

65 cm rectangular picture tube with 110°

deflection angle,

electrostatic

focusing,

aluminized screen and steel jacket includ-

ing tube mount

94

92

9

1. Generalities

9395a
[
9
k

Electron Gun

Bulb
Base

Focusing Method

Deflection Method
Deflection Angles

Neck Diameter
Face Shape
Material

Screen

Fluorescence Colour
Colour Temperature
Minimum Useful
Dimensions

Overall Length
Weight

Tetrode with Einzel-
Lens B
All-Glass Type
German Standard
DIN 44431

(Short Design)
Electrostatic
Magnetic
Diagonal
Horizontal
Vertical

28,6 mm
Spherical
Filter-Glass
(Light Transmission
40 %o approx.)
Phosphor P4 Alu-
minized

White

12000 °K (approx.)
530 x 416 mm
Diagonal 616,5 mm
383 £ 8 mm

18 kg (approx.)

110°
99°
82°

2. Typical Operating Conditions

Ur @ 63V
I 0,3+ 6% A
UgSgSa 20 kV
Ug2 400 500 V
Ugs ® 0...400 0...400V
(=Ug1) cutost @40... 77 50... 93V
3. Maximum Ratings
UngSa max @ 20 kV
Ug3gSa min 13 kV
RgSgSa min 16 kQ
U94 max 1000 V
(_U94) max 500 V
Ug4 p max 2500 V
/94 max 25 !.LA
Rg4 min 470 Q
UgZ max 500 V
Ug? min 350V
RgZ min 470 Q
Ug] max ov
Ug'l p max 2V
(_Ug1) max 150V
(_Ugl) p max 400 V
gl max 1,5 MQ
Zg] max 0,5 MQ
Rg’l min 150 Q
Plm max 10 mW/cm?
U_tkmex1 @ @ 410V
U= f/k max 2 D @ 250V
U f/k p max 300V
U . t/k max 135V
U+ t/k p max 180V
Re/k max @ 1,0 MQ
Zf/k max @ 0,1 MQ
4. Capacitances
Cal approx. 6 pF
Ck approx. 5 pF
Cg3g5a/m max 2900 pF
Cg3g5a/m min 1900 pF
Cg3g5a/m’ approx. 600 pF

Implosion protection by steel reinforcement.
Admitted by Association of German Elec-
trical Engineers, VDE.
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Black and White Picture Tubes
A 65—-13 W

For Replacement

Dimensional Drawings in mm
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Black and White Picture Tubes
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Colour Picture Tubes
Technical Survey

1. Scope

1.1 General

At least three primary colours are re-
quired for the reproduction of colour pic-
tures. In colour television, these are the
colours red, green and blue. Depending
on the intensity of the individual compo-
nents other colour combinations can be
produced. Therefore, unlike the black-
and-white picture tube, the screen must
contain three different phosphor materials
which can be separately excited. In order
to ensure proper scanning and excitation
of the colour dots, a perforated metal
mask, called shadow mask, is provided
behind the phosphor-dot screen.

BASE
LATERAL
CONVERGENCE PURIFYING MAGNETS
RADIAL
CONVERGENCE ELECTRON GUNS

B2}

DEFLECTION

PHOSPHOR DOTSJ ALUMINIUM COATING

Figure 1: Schematic representation of a
shadow-mask tube with associated com-
ponents

Other techniques are possible but are not
described in this booklet, which only deals
with the shadow mask tube. This tube,
based on the principle of three different
colour dots (triplets), has three electron
guns using electrostatic focus. One of the
three primary colours is assigned to each
gun. Proper metal shields are provided

to protect the tube against interferring ex-
ternal magnetic fields (e.g. earth’s field).

1.2 Handling colour picture tubes

The information in paragraphs 1.1 through
1.7 regarding storage, transport, packing
etc. for the black-and-white picture tubes
applies equally in the handling of colour
picture tubes. Colour picture tubes are
highly sensitive to shock, impact and rapid
temperature changes because of the frit
seal which joins the panel to the funnel.

1.3 Functional troubles

In addition to the information in para-
graph 1.7 for the black-and-white picture
tube, colour picture tubes have to be
shielded against the influence of external
stray magnetic fields. It may be necessary
to correct the colour purity when the tele-
vision set is moved to another location.
This readjustment of the television re-
ceiver is not an equipment or picture tube
defect, but a fine correction of the electron
beams striking the screen. The three
electron beams are adjusted to land on
the screen through the shadow mask at
such angles that only the phosphor dots
intended for them will be excited. If the
electron beams are deflected from their
initial path by an interferring stray magnet-
ic field (e.g. earth’s magnetic field, trans-
formers, etc.), they will not land on the
appropriate phosphor dots. This resuits in
a distortion of the colour content of the
received picture, which can be compen-
sated for by the purifying magnets placed
on the tube neck.
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Colour Picture Tubes

Technical Survey

2. Mechanical and Physical Characteristics of the Coulor Picture Tube

2.1 Bulb

PANE

ANEL FACEPLATE

Figure 2: Basic elements of the bulb of a
colour picture tube

2.2 Mechanical data

As in the black-and-white picture tube,
the bulb of the colour picture tube is
made of glass. Unlike the black-and-white
tube, however, the panel and the funnel
are supplied as single parts which are
joined by fritting at the tube manufacturer’s
plant, bonding funnel and neck.

The three main parts of the bulb for colour
picture tubes, which are briefly described
below, are made as separate units — as
in the black-and-white picture tube.
These parts are:

The panel with faceplate, on the inner
side of which the phosphor material will
be applied later in a highly complex and
difficult process and the shadow mask
will be fixed. The panel also has four pins
(one on each side) for mounting and fixing
the shadow mask.

The funnel with sealed-in anode contact,
through which the high voltage will be
supplied for the three electron guns. The
funnel also has three ground faces which

serve for centering purposes during frit-
sealing.

The neck, which houses the three electron
guns and also carries the deflection yoke.

2.3 The panel

With the colour picture tube it is essential
that the skirt of the panel be smooth, since
after application of the phosphor material
and fixing of the shadow mask in the panel,
this surface is joined to the funnel at
high temperatures by frit-sealing. The bulb
of the colour picture tube has thicker
walls than those of the black-and-white
tube, so that a 20-inch colour tube is
heavier than a corresponding black-and-
white tube. Similar to the funnel, the panel
has three ground marks on its outer sur-
face, which serve as reference marks
during frit-sealing and assembly of the
electron guns.

2.4 The funnel

In all types of colour picture tubes the
funnel is made of glass. The deflection
angle is 90° or 110°. The anode contact
sealed into the small face of the funnel
serves, in the finished tube, for feeding the
high voltage to the electron guns. As with
the black-and-white picture tube, the funnel
serves as the link between the screen and
the neck of the tube. The edge facing the
panel must also be very accurately machin-
ed in order to ensure a durable, vacuum-
sealed joint between the two parts when
the panel is fritted to the funnel.

2.5 Physical data on the colour picture
tube

Regarding absorption, contrast and halo
the same applies as in the black-and-
white picture tube. Some types of colour
picture tubes have an integral protec-
tion window sealed to the faceplate with
a clear resin. This PPG window is tinted
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gray. External stray light has to pass
the window twice due to reflection on the
screen, while the light from the screen
suffers considerably less absorption be-
cause it only passes the window once.

In future colour picture tubes, a special
filter glass will be used as faceplate
material offering high light transmittance
to the wavelengths of the three primary
colours but absorbing most of the other
wavelengths. Through this method an im-
provement in the contrast of the colour
picture will be achieved.

2.6 The screen

The screen of a shadow-mask colour
picture tube consists of a large number of
adjacent dots, approx. 1,2 million phos-
phor dots in the case of a 66 cm (26”)
tube, each 0,4 mm (0,0157”) in diameter
and 0,020 mm (0,00079”) thick. Zinc sul-
phides, which are activated by traces of
heavy material and rare earth oxides, are
used as phosphor material. By means of
these activators the zinc sulphide crystal
is converted into a semiconductor. When
energy is applied to the semiconductor
material this can be excited into emitting
a particular light wavelength. The phos-
phor material is not only excited by fast
electrons but also by ultraviolet radiation.
This light stimulation is used for the nu-
merous inspections during the manufacture
of the screen. Three adjacent colour dots
on the screen of the colour picture tube
form a colour triplet (see figure 3) com-
prising a red, a green and a blue light
emitting dot.

SCREEN

000000
DC XXX

Figure 3: Screen and mask of a shadow-
mask type colour picture tube

A hole in the shadow mask corresponds
to each colour triplet. Each of the three
electron beams passing through this hole
excites one of these phosphor dots (see
figure 3). By additive mixing of the three
primary colours the desired colour im-
pression is obtained. Since the hole dia-
meter in the mask and, hence, that of the
individual electron beam is smaller than
the diameter of a dot (0,3 mm [0,0118”] as
against 0,4 mm [0,0157”]), accurate registra-
tion is ensured, preventing one beam (e.g.
the red beam) from exciting part of the
area of the other two phosphor dots and
causing colour purity errors.

During the manufacture of the screen a
light-sensitive substance (polyvinyl alcohol)
is added to the respective phosphor ma-
terial, e.g. green, and is then applied to
the tube panel. Then, by means of an
intensive punctiform ultraviolet light source
and with the shadow mask as a matrix,
a dot pattern is exposed in the tube panel.
At the exposed areas the polyvinyl alcohol
polymerizes, thereby bonding the phosphor
material to the glass surface. It is washed
away with water on the remaining surface
which has not been exposed. The same
process is repeated in an analogous man-
ner for the other two colours. In the proc-
ess the light source is placed in the future
location of the beam deflection point. Thus
a pattern of triangular groups of three
small phosphor dots is produced on the
screen. It is essential that the individual
phosphor dots are adjacent to each other
without overlapping, which wouid result in
colour contamination.

2.7 Aluminization

Structure and purpose of the aluminium
coating in the colour picture tube are the
same as in the black-and-white picture
tube.

2.8 Colour vision

The retina of the human eye contains rods
for registering differences in brightness
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and less sensitive cones for colour impres-
sion. Different types of cones react in dif-
ferent ways to light of the same wavelength
and intensity. Only the sum of all stimuli
provides the impression of colour. This
makes it possible to perceive the same
colour in spite of different spectral com-
positions of the light. Thus, by mixing any
three independent primary colours in var-
ious proportions, it is possible to produce
all the other colours (the human eye is
able to differentiate between some 1 mil-
lion colours).

For practical reasons three colours are
chosen as primary colours which are as far
separated in the frequency spectrum as
possible, e.g. red, green and blue. This
combination is used in colour television
for the reproduction of the vast multitude
of colours.

2.9 Colorimetry

For the clear determination of a colour,
a scheme is used in which the three
primary colours are arranged at the vertex
of an isosceles triangle. Each colour cor-
responds to a specific point of the triangle,
the so-called spectrum locus. The spec-
trum locus is a measure of the shade. A
second characteristic of colour is the
saturation. The saturation reaches the
maximum value of 1, e.g. for a saturated
red, and decreases, as white increases,
via pink to zero (white or grey). Shade and
saturation are often expressed by the term
chromaticity. A third element for the
description of the colour is the brightness.
For primary source elements (the screen is
considered a primary source) the lumi-
nance is a direct measure of the bright-
ness.

2.10 Influence of colour area and
surroundings

A colour impression can only be obtained

if several cones in the retina are stimulat-

ed. If the angle at which a coloured area is

viewed by the eye is smaller than &', only
a brightness impression is produced. When
a large number of very small colour dots
are close together, the human eye is only
able to record the compound colour. The
diameter of the phosphor dots has been
chosen so that at a normal viewing dis-
tance the compound colour is perceived
by the observer's eye.

The above holds true only if the observed
area is situated in a sufficiently dark room.
If the surrounding room is considerably
brighter than the screen area, all colours
appear as if black were added to them.
Therefore it is essential for good colour
television reception that the ambient room
be sufficiently dark in order to ensure good
colour fidelity.

2.11 The shadow mask

The purpose of the shadow mask in a
colour picture tube is twofold. During the
manufacture of the screen it serves as the
negative for the three colour rasters. In
the finished tube it serves as diaphragm
for the deflected electron beams, allowing
each beam to land only on the associated
phosphor dots.

The mask consists of a sheet-steel plate
which is 0,15 mm (0,0059”) thick and con-
tains about 400000 round holes, each
0,3 mm (0,0118”) in diameter. The shape
of the mask is matched to the curvature
of the faceplate. The average distance
from the faceplate of the picture tube is
about 13 mm ('/2”). This distance is im-

SCREEN

SHADOW MASK

BLUE

Figure 4: Beam traces in a shadow-mask
type colour picture tube
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portant for good colour reproduction (co-
lour purity) (see figure 4). If the specified
distance is not accurately maintained,
electron beams which are assigned to a
particular colour raster might excite neigh-
bouring phosphor dots, which would result
in colour impurities.

The transparency of the shadow mask is
about 17%. As a result the mask has to
dissipate power during the absorption of
the electron beams that cannot be neglect-
ed. Assuming a mean continuous beam
current of 1mA at 25kV, which is still
tolerable, this power dissipation amounts
to about 22 W. As a result the mask will be
heated and will expand. Since it is not
possible to transfer the occurring heat
quickly enough by heat conduction, the
mask is blackened by an oxidation proc-
ess, thus improving the heat radiation. At
high beam currents (max. 1,5 mA), how-
ever, this is no longer sufficient. But even
under these conditions the movement of
the mask holes due to temperature in-
fluence is still compensated for in modern
colour picture tubes. The holding springs
which fix the mask in the screen panel are

so arranged that the mask moves towards
the screen when heated. This ensures that
the movement of the mask holes does not
exceed the permissible value.

2.12 Electron gun assembly

In a colour picture tube, three electron
guns are used for the generation of the
electron beams. The design of each in-
dividual electron gun is similar to that in
a black-and-white picture tube. Instead of
the einzel-lens however, a bi-potential lens
is used. The reason for this is the required
high dielectric strength (high anode volt-
age) at small gun diameter. The bipotential
lens is formed by the electrostatic field
between screen grid, focus and anode
electrode. In the case of the electron guns
for colour picture tubes, the three cath-
odes, control grids and screen grids are
brought out separately, while the focus
electrodes and the anodes are intercon-
nected within the tube. The focus elec-
trodes are joined to a base pin and the
anodes receive their anode supply voltage
via the anode contact sealed into the fun-
nel.
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3. Principle of Operation of the Shadow-Mask Type Colour Picture Tube

3.1 Principle of the colour picture tube

In the shadow mask type colour picture
tube three electron beams are generated
independently of each other. Due to the
straight propagation path of the electrons
in free space, each beam would excite
only one point on the phosphor-dot screen
into light emission. For this reason the
electron beams have to be deflected from
their straight path across the whole screen,
as in the black-and-white picture tube. In
order for each beam to hit the associated
phosphor dots on the screen in spite of
the distortions due to the deflection yoke,
a so-called dynamic convergence unit is
needed, which ensures that the triplet ge-
ometry is directly reproduced on the mask.
By intensity modulation of the individual
electron beams, the different colour phos-
phor dots on the screen are excited with
varying intensities, depending on the pic-
ture content to be transmitted. By additive
mixing of the excited primary colours —
red, green and blue — the transmitted co-
jour picture is reproduced on the screen.
An essential factor for good colour re-
production is the so-called colour purity.
This is the requirement that each electron
beam of an electron gun in a three-
colour system only be allowed to excite
the phosphor dots of the associated colour.
This is ensured by the absorption effect of
the shadow mask. As a result, however,
current is continuously flowing in the mask
during operation, which causes it to run
hot. The resulting expansion of the shadow
mask would cause a movement of the
mask holes with respect to the colour
phosphor dots. This thermal movement of
the mask is compensated for by a cor-
responding fixing arrangement.

The design of the electron guns is similar
to that of the black-and-white picture tubes.
Unlike the black-and-white picture tube,
however, bi-potential lenses are used for
electrostatic focusing instead of einzel-

lenses. With the exception of the combined
lens electrodes, the control electrodes of
the three electron guns are brought out
individually, so that optimum adjustment
of the colour triplet register and of the
brightness are possible.

3.2 Electrical characteristics

Since the colour picture tubes differ in
principle only negligibly from the black-
and-white picture tubes, it is sufficient to
point out some design and functional dif-
ferences and the resulting consequences
for application.

3.3 Limit value of the overall anode cur-
rent for the three electron guns

It is an inherent functional characteristic
of the shadow-mask principle (see para-
graph 2.11) that about 80% of the anode
current is absorbed by the mask where it
is converted into heat. At an anode voltage
of 25 kV and an overall anode current of
1,25 mA the mask is loaded with about
80% of the resulting dissipated power, i.e.
25 W. Therefore, by limiting the anode cur-
rent to a maximum permissible value in
addition to choosing a suitable mask
design, it must be ensured that no undue
displacement of the mask with respect to
the screen will take place when the mask
is heated during operation. This would be
detrimental to the colour purity. Experience
has shown that a limitation of the beam
current for the three electron guns to
1,5 mA (arithmetic mean value) in a picture
tube with 66 cm (26”) screen diagonal has
proved satisfactory.

3.4 Flashovers

Since colour picture tubes operate with
a considerably higher anode voltage than
black-and-white picture tubes, the anode
voltage and grid-No. 3 voltage supplies
should be so rated that the current
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produced at flashovers and short-circuits
is limited to a maximum value in order to
avoid damages to the cathode. Particularly
exposed electrodes in the colour picture
tube, such as grid-No. 3, grid-No. 2, grid-
No. 1 and the cathode, are suitably protect-
ed by spark gaps connected to the ex-
ternal conductive coating of the tube. The
connection with the external coating
should be made with great care and using
the shortest possible leads.

3.5 Interferring magnetic fields

In order to shield the tube against the
disturbing influence of stray magnetic
fields which may affect colour purity, the
manufacturer recommends the use of a
metal shield (sheet steel) over the funnel
between the metal frame reinforcement
and the deflection yoke if the tube is not
supplied with an inner magnetic shield.
Furthermore, colour purity errors may also
be produced by residual magnetism of the
shadow mask which may be due to
transport or storage. This residual magnet-
ism can easily be removed by degaussing
the shadow mask by means of an air-core
coil, through which an exponentially de-
creasing alternating current with a fre-
quency of 50 Hz flows. Modern television
receivers already incorporate a degaussing
coil which is automatically connected into
circuit when the set is turned on.

3.6 Initial operation and adjustment of the
colour picture tube

The basic conditions for accurate adjust-
ment of the colour purity and convergence
are:

a) The focus of the three electron guns
must be optimally adjusted, which is a-
chieved by the application of a direct volt-
age to grid-No. 3.

b) The colour picture tube must have
been previously degaussed. This is done
automatically by means of a degaussing
coil when the set is turned on. This re-
moves local colour impurity areas, which

may be due to the magnetization of the
metal frame and the mask.

c) The use of crosshatch or dot video
patterns for the convergence adjustment.
The following sequence should be ob-
served for this adjustment:

3.7 Adjustment of static convergence

By means of the radial permanent magnets
or electromagnets and the lateral con-
verging unit the red, green and blue pat-
terns must be made to coincide at the
centre of the screen. Normally the blue
beam is turned off first while the red and
the green patterns are aligned. Optimum
adjustment is obtained if a yellow raster
appears at the centre of the screen. The
blue beam is then turned on and aligned
with the yellow raster by means of the
respective magnets.

3.8 Colour purity

Move the deflection yoke as far back as
possible towards the convergence unit.
With the red raster on, the most possible
uniform red field is adjusted in the centre
of the screen by turning and adjusting the
two colour purity magnets on the con-
vergence unit. Then the deflection yoke
is moved forward until a uniform ced field
is observed over the entire screen.

The colour purity of the green and blue
raster is then checked. In order to achieve
optimum colour purity for the red, green
and blue rasters, it may be necessary to
make some compromises. The static con-
vergence has to be checked before and
after each colour purity adjustment.

3.9 Dynamic convergence

For the adjustment of the dynamic con-
vergence a bright crosshatch or dot video
pattern is needed. The intensity of the
three colours should be approximately the
same. By varying the line and raster
frequency alternating currents flowing
through the convergence coils, the three
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colour rasters must be made to coincide
over the entire screen, so that only white
dots or raster lines are observed. First the
red and green lines or dots are aligned.
Then the blue raster is adjusted to the
yellow one produced by convergence of
the red and green rasters. During the
adjustment of the dynamic convergence
it is recommended that the colour purity
and the static convergence be checked
repeatedly and readjusted if required.

4. Implosion Protection

4.1 Purpose of the implosion protection

The information and definitions given in
paragraph 2 for the black-and-white pic-
ture tube apply for the implosion protec-
tion of the evacuated colour picture tubes.

4.2 Implosion protection by means of me-
tal frame
As in the black-and-white picture tube,
implosion protection can be achieved for
the colour picture tubes by the applica-
tion of a metal frame over the critical
zones. To accomplish this the space
between the correspondingly shaped met-

5. Manufacturing a Colour Picture Tube

As has already been mentioned in the
functional description of the shadow-mask
type colour picture tube, the colour pic-
ture tube differs in four essential aspects
from a black-and-white picture tube;
namely the existence of a shadow mask,
the screen with phosphor dot pattern, the
two-piece bulb and the three electron
guns. These differences are also reflected
in the production process. Figure 5 shows
a schematic representation of the se-
quence of manufacturing operations.

3.10 Pincushion correction

Correction of the vertical and horizontal
pincushion distortion is performed by
means of a transductor. The horizontal
correction is achieved by modulation of
the horizontal deflection current with the
vertical frequency; vertical correction is
achieved by modulation of the vertical
deflection current with the horizontal fre-
quency.

al frame and the tube is filled with a
sealing and filling material. After cooling,
the shrinking of the assembly provides
the desired implosion protection.

4.3 Implosion protection according to the
SELBOND ® method

The SELBOND method is a variation
of the metal frame. By means of the
SELBOND method the critical zones of
the tube are prestressed to an adjustable,
measurable value. In addition it permits
push-through presentation with a corre-
sponding reduction in the metal frame
dimensions.

The washed panels arrive at the automatic
screening machine, where they are
clamped on a holding device and rotated.
By means of a dispensing and control
unit the light-sensitive green phosphor
slurry is filled into the centre of the panel.
Due to the rotation of the panel the slurry
spreads uniformly over the entire screen
surface. The phosphor coating is then
dried by means of ultrared radiators and
the coated panels are transferred to the
green lighthouse. There a shadow mask

56



Colour Picture Tubes

Technical Survey

SHEET METAL
GUN PARTS FUNNEL PANEL FOR MASK FRAME
| 1 P

1 |
SENSITIZING WITH
INTERNAL FITTING OF THE
GUN MOUNTING COATING MASK IN THE PANEL PHOTORESISTING| BLACKENING

T ; FILM
1
FRIT GREEN SLURRY
APPLICATION APPLICATION EXPOSING
1 I
EXPOSING THROUGH®
SHADOW MASK ETCHING

T )\ I
DEVELOPING AND BLUE
SLURRY APPLICATION FORMING

| |
EXPOSING BLACKENING
_

SLURRY APPLICATION WELDING

Y i ]

EXPOSING

|
DEVELOPING
FILMING
|

ALUMINIZING
1
BAKING

—l
FRIT SEALING

-
1

MOUNT SEALING
1
EXHAUSTING

1
V DEVELOPING AND REl

)
GETTER FLASHING
SPOT KNOCKING
AGING

1
IMPLOSION
PROIECTION
1
EXTERNAL
COATING
|
FINAL INSPECTION
OF TUBE

Figure 5:
Schematic representation of the
manufacturing process

57



Colour Picture Tubes
Technical Survey

is assigned to each panel. During the ex-
posure and in the finished tube, the same
mask must be used since, due to manu-
facturing tolerances, it is not possible to
achieve the required 10 um accuracy of
reproduction if different masks are used.
The shadow mask is produced according
to a method which is closely related to
photo-printing. After the sheet metal has
been chemically cleaned of surface con-
tamination it is coated on both sides with
a light-sensitive film similar to that used
in photography. The coated metal sheet is
then pressed between two plane glass
plates which contain the desired hole pat-
tern and which are required to coincide
to an accuracy of some microns from one
side of the sheet to the other.

Two high intensity arc lamps, arranged on
either side of the mask, are used for the
exposure itself. After exposure, the pat-
tern is developed and the remaining film
is hardened in an oven. Then the holes
are etched into the metal sheet from both
sides by means of an acid shower. Finally
the remaining light-sensitive layers and
acid are removed and the mask is brought
into its definite shape by means of a
forming tool. Prior to the precision welding
of mask and frame both parts are blacken-
ed by an oxidation process.

For the exposure of the phosphor layer
the panel with the inserted mask is placed
on the lighthouse. Since the location of
the exposed dots is fixed by lighting with
a punctiform ultraviolet light source, it is
necessary for the position of the panel
with respect to the light source to be
closely maintained. To this end ground
surfaces on the edge of the panel are

made to coincide with reference points
on the lighthouse. Then after exposure
the mask is removed again and the panel
goes back to the automatic screening ma-
chine. There the panel is again rotated and
the unexposed areas of the phosphor layer
are washed away with warm water (see
also paragraph 2.6). Then the blue and
the red phosphor slurry is dispensed, using
each time the same procedures as describ-
ed in the application of the green phos-
phor slurry. After the screening procedure,
the filming and aluminizing processes fol-
low, as for the black-and-white picture
tube. To remove the organic materials
(film, phosphor binder) the panel is baked
in air.

Before frit sealing, the shadow mask is
fitted into the tube panel for the last time.
The glass solder is applied to the sealing
surfaces of the funnel, which is coated on
its inner side with a graphite layer, and
funnel and panel are placed into a device
which serves to align the two parts ac-
curately by means of stops and to hold
them in place during frit-sealing. The as-
sembly is then passed through an oven
in which the frit is changed into a glassy
state, thus producing a vacuum-tight joint
of high mechanical strength between panel
and funnel.

Finally, sealing of the electron gun as-
sembly follows; its orientation must be in
agreement with the configuration of the
colour triplets. The remaining operations
and tests involved in the tube manufacture
are similar to those of the black-and-white
picture tube and constitute the end of
the production process.
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6. General

6.1 X-rays

At a maximum permissible anode voltage
of 27,5 kV and an average beam current
of 1,5 mA X-radiation remains below the
maximum permissible value of 0,5 mR/h.

6.2 Mounting instructions

Metal frame:

The mounting lugs on the metal frame are
ptovided for fixing the tube in the tele-
vision set. For the respective dimensions,
reference is made to the dimensional
outline.

External conductive coating:

The external conductive coating should be
connected by means of multiple contacts
in order to avoid overheating of a contact
and consequent damage to the tube.
Metal frame and external coating are elec-
trically isolated from each other. They
may be joined if the applicable safety
rules permit this. The impedance between
the frame and the external coating should
not exceed 1 MQ at 50 Hz and 5 kQ at
15 kHz.

Tube socket:

A flexible connection should be used for
the tube socket. The base is allowed to
be within a circle of 20 mm (*%/32”) dia-
meter, with reference to the perpendicular
through the centre of the screen.

Anode contact:

The area around the anode contact is
sprayed with transparent water-repellent
paint. Only a dry, soft, lint-free cloth
should be used for cleaning it.

Operating position:

The tube must be operated with its axis
in a horizontal position and with the blue
electron gun up. The data concerning
beam deviation and convergence apply
to this operating position.

The deflection yoke must not be used to
support the tube.

6.3 Application instructions

Voltage reference point:

Unless otherwise specified, the voltage
valuess refer to cathode potential and
apply to each individual electron gun.

Focus electrode:

At an anode voltage of 20 to 27,5 kV, for
the focus electrode g3 a voltage has to
be set amounting to 17 to 20% of the
anode voltage.

Operating point adjustment:

The grid-No. 2 and grid-No. 1 voltages for
disappearance of the focused spot (cutoff
voltage) can be derived from the cutoff
design chart.
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Grounding:

The external conductive coating and the
external magnetic shield have to be con-
nected to the negative high-voltage ter-
minal.

Flashover protection:

In order to avoid possible damage to the
tube due to internal flashovers, a suitable
current limitation is recommended in high-
voltage supplies for the anode and grid-
No. 3, as well as the use of spark gaps.

Maximum ratings:

The circuit should be so rated that the
indicated maximum ratings are not ex-
ceeded during tube life, even under the
worst possible operating conditions with
regard to supply voltage variation, signal
variations, component tolerances and
ambient conditions.

The high-voltage maximum ratings are ab-
solute values which must not be exceeded
even when the tube is first placed in oper-
ation. Do not connect the tube before
the high voltage is adjusted within the
specified limits.
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Beam landing correction:

In spite of external or internal magnetic
shield and due to manufacturing variations
which may produce misregister, it is nec-
essary for pure colour operation to cor-
rect for remaining magnetic effects and
for manufacturing variations by an addi-
tional static magnetic field (purifying
magnet).

Position of the components for conver-
gence adjustment, see dimensional draw-
ings for the different types.

Ratser deviation refered to the centre of
screen: max. R mm.

Lateral (seitliche) convergence deviation
blue beam to cenverted red and green
beams: max. s mm.
R(r)adial convergence deviation without
effect of the dynamic convergence (each
beam): max. r mm.

R s r
A 66—120 X 15 +65 +95
A 66—140 X 15 +5,0 +80
A 67—150 X 12 +50 +80
A 55— 14X 12 160 +095
A 56—120 X 12 +60  *+095
A 63— 11X 15 +65 +95
A 63—200 X 15 +65 *95
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Typical grid-drive characteristics

Grid-drive characteristics
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Cathode-drive characteristics
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6.4 Associated components

Deflection yoke

The deflection yoke must not be used to
support the picture tube. The axes of the
deflection yoke and of the tube must coin-
cide. The deflection coils should be able
to be moved about 1,5 cm (5/s”) along the
tube neck for the adjustment of colour
purity. The deflection yoke should be able
to be rotated slightly. Centering of the
raster can be made by superimposing a
direct current of the required magnitude
on the deflection current through each
coil pair. Pin-cushion correction can be
achieved by superimposing of a correspond-
ingly shaped correcting current on the
deflection current.

Colour purity magnet

The colour purity magnet is required in
order to compensate for the effects of
uniform external magnetic fields that
would cause beam landing errors. The
colour purity magnet must be placed on
the tube neck as indicated in the data
sheets. For varying the beam landing
point, the produced magnetic field should
be at right angles to the tube axis and
should be adjustable in magnitude and
direction. By means of the colour purity
magnet it must be possible to adjust all
indicated tolerance values.

Magnetic shield

To reduce the effects of external stray
magnetic fields and of the earth’s magnet-
ic field, a cold-rolled steel sheet of about
0,75 mm (0,0295”) should be placed as a
shield around the funnel of the tube, pro-
vided the tube has no internal shield.
The shield is only effective if the metal
sheet is degaussed. This is possible by
means of a degaussing coil which is auto-
matically connected into circuit when the
television set is turned on. In order to

avoid weakening the magnetic field ex-
cessively during degaussing, the air gap
between shield and metal frame as well as
between shield and funnel should not ex-
ceed 10 mm (25/¢4”).

Radial convergence unit

The radial convergence unit, in conjunction
with the associated circuit, produces the
magnetic fields which are necessary for
the dynamic convergence of the three
electron beams when moving over the
screen. In addition, the radial convergence
unit, together with the lateral convergence
unit, generates the magnetic fields needed
for the static convergence. The three con-
vergence magnets are fitted on the neck
of the tube in such a manner that they
face the pole pieces within the tube neck.
The requisite horizontal and vertical cur-
rents flow through the associated wind-
ings of the convergence unit thus ensuring
the dynamic convergence of the deflected
beams. Static magnetic fields for the con-
vergence of the three beams at the centre
of the screen are produced either by di-
rect currents in the convergence windings
or by magnets with variable field strength.
The radial convergence unit must be able
to adjust the indicated tolerance values.

Lateral convergence unit

The lateral convergence unit serves to com-
plement the correction of the static con-
vergence of the three electron beams at
the centre of the screen performed by the
radial convergence unit. It is fitted on the
neck of the tube between the colour purity
magnet and the radial convergence unit.
The task of the magnetic field is to pro-
duce a lateral (horizontal) movement of
the blue beam opposite to the movement
of the converged red and green beams.
Therefore the magnetic field strength must
be variable to permit adjustment of the
indicated tolerance values.
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6.5 Reference line gauge

The reference line is determined by the
flange plane of the reference line gauge,
if it is seated against the funnel of the

bulb.
Reference line and neck-funnel-contour
gauge
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6.6 Optical Data

Screen

Three Separate Phosphor Dots — Colour-
Triplets — Arranged in Triangular Groups
and Aluminized.

Colour Dot Coordinates X y

Red - 0630 0340
Green o ~ 0300 0,600
Blue 0,150 0,060

Coordinates for White 0,281 0,311

Average Percentage of Total Cathode
Current to Produce White

Red 34%
Green - 34 %o
Blue 32%

Ratio of Cathode Currents for White -
Red to Green 1,0 (065...1,5)
Red to Blue 11 (0,75...1,5)
Blue to Green

09 (06 ...13)

7. Explanation of Symbols for the Quantities Listed Under Electrical Data

7.1 Typical Operating Conditions

Heater Voltage Uy
Heater Current e
Anode Voltage ~ Ug4g5a
Focusing Voltage Uas .
Screen Grid Cutoff Voltage =~ Uga cutoff

Control Grid Voltage  (=Ug1) cutoff
7.2 Maximum Ratings

Anode - L=

Voltage e _ Us4gsa
Current s  lg4g5a
Focusing Electrode B i
Voltage T  Ug .
Screen Grid L] .
Voltage o ~ Uq

Peak Voltage Ug2p

Control Grid o

Voltage Ugn

Peak Voltage Ugt »
Heater/Cathode - -
Voltage o ot
Heater —

During Warm-Up Time CUxm (1)
Heater —

After Warm-Up Time Ui (2
Heater —

Peak Voltage

After Warm-Up Time  UZtip

7.3 Ratings for Circuit Design
Leakage Current I3

g2
g1 (=Uq1 = 150V)

7.4 Capacitances

Between Control Grid of One
Gun and All Other Electrodes cq1
Between Cathode of One Gun

and All Other Electrodes Cck o
Between Grid No. 3 and All
Other Electrodes Cg3

Between Anode and External Cgdgsa/m
Conductive Coating

Between Anode and Metal
Frame

Cg4g5a/m’
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8. Notes

8.1 On the technical data

@ For grid-drive service. The voltage
values refer to cathode potential and
apply to each individual gun.

Maximum heater voltage variations of
+ 10 %o are tolerated, optimum cathode
life is achieved by stabilization of the
heater voltage at 6,3 V.

® The ratio between the maximum and
the minimum cutoff voltage at grid-No.
2 of an individual gun does not exceed
the value of 1,86 with equal control grid
voltage.

® Visual extinction of focused spot, see
Cutoff Design Charts, pages 59 and 60.

@

Relation: line cutoff voltage = spot
cutoff x 1,01 + 1V,
raster cutoff voltage = spot

cutoff x 1,06 + 7 V.

® If the anode current exceeds the nom-
inal value for a prolonged period of
time, deformation of the shadow mask
may occur due to thermal overloads,
which will result in colour purity errors.
Beam current limitation to 1,5mA for
the three-gun assembly is sufficient for
practical purposes.

Absolute limit value which must not be
exceeded even under the worst possible
operating conditions.

@ These values indicate the leakage cur-
rents that may occur at the respective
electrodes. Their influence on the volt-
age across the electrode concerned
has to be taken into consideration in
the design of the circuit.

@

The circuit design of the equipment —
both from a mechanical and electrical
viewpoint — should be such that no
energy source, alone or in connection
with others, can cause a discharge
current greater than 750 mA to flow
through the heater as a result of a
flashover.

The current limitation prevents the
heater from burning out in the case
of a flashover within the colour pic-
ture tube.

In order to avoid picture distortions the
hum component from the heater circuit
should be as low as possible. There-
fore the alternating voltage between
heater and cathode should not exceed
the effective value of 20 V.

During the warm-up period of max.
15 seconds U _¢#k1 may rise to max.
410 V (450 V). Between 15 and 45 sec-
onds after switch-on the voltage must
decrease proportionally with time to the
value recorded in the data book.

By using a quick heating cathode the
picture will appear in 5 seconds ap-
prox., when applying a constant heater
voltage.
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8.2 On the dimensional drawings

@ Anode cavity cap according to German
Industrial Standard DIN 41 543.

® The reference line is determined by
the flange plane of the reference line
gauge if it is seated against the funnel.

® This zone is free of external conduc-
tive coating.

@ Location of the inner pole pieces of
the gun for radial convergence.

(® For the mounting bolts a free passage
of at least 95 mm (3/s”) diameter is
guaranteed in nominal position.

® Dimensions of the bulb, measured at
the front edge of the implosion pro-
tection.

@ The maximum deviation of any mount-
ing lug from the plane formed by the
three other lugs is 2 mm (5/e4”).

The Z points are reference points for

the vertical position of the X and Y
points.
The dimensions for the position of the
X, Y and Z points also apply to the
border line of the minimum useful
screen area.

® Mounting holes for the degaussing
coils.

Panel contour.

@ Tolerance of the mounting lugs.

@ Tube length from the centre of the
faceplate to the bottom of the base.

@ The outer limitation of the mounting
lugs lies within these maximal dimen-
sions.

Eccentricity to the inner contour of
the glass panel max. 1,5 mm ('/1”).

® Limit of the glass panel by the steel
reinforcement.
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92Rr

91R

ITT-Picture Tube A 66-120 X is a rec-
tangular colour picture tube with 90° deflec-
tion angle and 36,5 mm neck diameter.
The useful screen area of 2030 cm? (appr.)
has nearly straight sides of 52 x 39 cm
(appr.) with 3x4 aspect ratio. The filter-
glass of the faceplate has a light trans-
mission of 52 % (appr.).

The phosphor screen is composed of
triangular dot groups — colour triplets —
each consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver acti-
vated sulfide phosphors, the red emitting
phosphor is composed of yttrium com-
pounds activated with rare-earths.

The tube uses three electrostatically focus-
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly towards
the tube axis to facilitate convergence to
the shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforcement.
Admitted by Association of German Electri-
cal Engineers, VDE.

1. Generalities

Bulb ~ All-Glass Type
with Convex
Rectangular
Faceplate
Filter-Glass

Diagonal

Minimum Useful 618 mm

Screen Dimensions Horizontal 518 mm
Vertical 390 mm
Asepect Ratio 3x4

Area (approx.) 2030 cm?

Deflection Angles Diagonal 90°
Horizontal 79°
Vertical 62°
Neck Diameter  365mm
Weight 21 kg (appr.)
Base JEDEC B 12-244
14-20/1 DIN 44439
(Long Design)
Implosion Steel-Jacket o
Protection Including
Tube Mount
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A 66—120 X

2. Typical Operating Conditions (D 4. Ratings for Circuit Design @)
i@ ) 63V Ig3 < +15uA
i e S el ) (approx.) 0,9 A Igo <t 5uA
Ugagsa 25 kV g (<Uy = 150V) <+ 5uA
Ugs  42...50kV =S
Ug2 cutott @ @ 210...495 V 5. Capacitances
at (~Ug1) =105V e
(—Ug1) cutort @ ~ 70...140 vV  SL ~ approx.  7pF
at—Ug2 = 300V Ck approx.  5pF

~ Cg3 ~_approx.  7pF
3. Maximum Ratings Cg4g5a/m max 2500 pF
Ug4g5a — @ ) 27,5 kV 09495§/m, min - 2000 pF
Ugtgsa T in B 20 KV Cg4g5a/m approx. 500 pF
I A
O™ ] - ;:S’F\’/A 6. Optical Data )
Uz o max - 1,0kv  Faceplate: ~ Filter-Glass
(—Ug1) p max ) 400 VvV Light Transmission (appr.) 52 %
(—Ugl) max 200 V
Ugi max o 0oV Screen:
Ugi p max 2V Three separate phosphor dots — colour
Uik max 1@ @© 410 V triplets — arranged in triangular groups and
Uik nex2®@®© 250 V aluminized.
Utk p max ® 300 V Spacing between centres of adjacent triplets
Uictik o max @) - 180 V nearest cetnre of screen 0,81 mm (approx.)
Uitk max @ 135 V

71



Colour Picture Tubes
A 66—120 X

Dimensional Drawings in mm
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RELATIVE MOUNTING
OF TYPICAL COMPONENTS
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A 66—140 X
A 66—410 X

916

ITT-Picture Tube A 66—140 X (A 66—410 X)
is a rectangular colour picture tube with
110° deflection angle and 36,5 mm neck dia-
meter. The useful screen area of 2030 cm?
(appr.) has nearly straight sides of 52 x 39
cm (appr.) with 3 x4 aspect ratio. The fil-
terglass of the faceplate has a light trans-
mission of 52% (appr.).

The phosphor screen is composed of tri-
angular dot groups — colour triplets — each
consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver activated
sulfide phosphors, the red emitting phos-
phor is composed of yttrium compounds
activated with rare-earths.

The tube uses three electrostatically focus-
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly towards
the tube axis to facilitate convergence to
the shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforcement.
Admitted by Association of German Electri-
cal Engineers, VDE.

1. Generalities
Bulb

Internal Magnetic Shield

Minimum Useful
Screen Dimensions

Deflection Angles

Neck Diameter
Weight

All-Glass Type with
Convex Rectangular

Faceplate

Filter-Glass

Diagonal 618 mm
Horizontal 518 mm
Vertical 390 mm
Aspect Ratio 3x4

Area (approx.) 2030 cm?

Diagonal  110°
Horizontal 97°
Vertical 77°
35mm o

~ 20kg (approx.)

Base

JEDEC B 12-244
14-20/1 DIN 44439
(Lona Design)

Heating Time @

Implosion
Protection

5s A 66-410 X
(approx.)

Steel Reinforcement
IncludingMountingLugs
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A 66—140 X
A 66—410 X

2. Typical Operating Conditions (0

Ui ® B ) 63V

It AB6—140 X (approx.) 0,820 A
Iy A66—410 X (approx.) 0,730 A
yg4gsa 25 kV
Us 42...50kV
Ug2 cutott @ @ 210...495V
at (=Uq1) = LOS v

(_Ugl) cutoff @ 70...140V
at —Ug — 300V i

3. Maximum Ratings

Ug495a max @ 27,5 kV
Ug4g5a min 20 kV
Isag5a max ® 1,0 mA
U3 wan 6,0 kV
Qg? P max e 1,0ﬂ
(_Ug'l) p max 400V
(_Ugl) max 72700 \%
Ug] max oV )
Ug] P max . 2V
U:f/k max 1 @7 N - 410L
U—f/k max 2 @ @ 250V
U—f/k P max @ 300V
Ustikpmax @ 180V
gﬁ‘f/k max @7 135V

4. Ratings for Circuit Design @)

e StisA
b . =% 5uA
lgg (<Ug1 = 150V) <+ 5uA

5. Capacitances

Co1 - __approx.  7pF
ck . approx. 5pF
Cg3 - _approx.  7pF
Cg4g5a/m max . - ZSOM
Cﬁg‘{gSa/m min 2000p|i

Cg4gSa/m ’ approx. 500 pF

6. Optical Data

Faceplate: B
Light Transmission

Filter-Glass
(appr.) 52%

Screen:

Three separate phosphor dots — colour
triplets — arranged in triangular groups and
aluminized.

Spacing between centres of adjacent triplets
nearest centre of screen 0,81 mm (appr.)
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A 66—140 X
A 66—410 X

Dimensional Drawings in mm

O Notes see pages 68 and 69

A66-140 X |

Reference line gauge see page 66
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A 66—140 X
A 66—410 X

RELATIVE MCUNTING
OF TYPICAL COMPONENTS
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A 67—150 X
A 67—-510 X

ITT-Picture Tube A67-150X (A67-510X) is a
rectangular colour picture tube with 110°
deflection angle and 29 mm neck diameter.
The useful screen area of 2100 cm? (appr.)
has nearly straight sides of 53 x40 cm
(appr.) with 3 x4 aspect ratio. The filter-
glass of the faceplate has a light trans-
mission of 49,5% (appr.).

The phosphor screen is composed of tri-
angular dot groups — colour triplets — each
consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver acti-
vated sulfide phosphors, the red emitting
phosphor is composed of yttrium com-
pounds activated with rare-earths.

The tube uses three electrostatically focus-
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly towards
the tube axis to facilitate convergence to
the shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforcement.
Admitted by Association of German
Electrical Engineers, VDE

1. Mechanical Data

Bulb All-Glass Type with
Convex Rectangular
Faceplate
~ Filter-Glass B
Internal Magnetic Shield -
Minimum Useful Diagonal 626 mm
Screen Dimensions Horizontal 528 mm
Vertical 396 mm
Aspect Ratio 3x4

Area (approx.) 2100 cm?

Deflection Angles  Diagonal 1100
Horizontal 97°
Vertical 77°

Neck Diameter 29 mm

Overall Length 432 + 6 mm

Weight ~ 20kg (appr)

Base JEDEC B 12—260

Heating Time @ 54 (approx.) A67-510X
Implosion Steel-Jacket Including
Protection Tube Mount
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A 67—150 X
A 67-510X

2. Typical Operating Conditions (O

4. Ratings for Circuit Design @

Ur®@ 63V a3 = < +15uA
If ABT—150 X (approx.) 0,780 A lg2 <+ 5uA
Is AB7—510 X (approx.) 0,730 A Ig1 (=Ug1 = 150V) <+ 5uA
Ug495a 25 kV
Ugs - ] 42...50kV 5. Capacitances
Ug2 cutott @ @ 160 ...445V B ZpEToR. 3B F
at (~Ug) = 105V o= Ck approx. 6,3 pF
(=Ug1) cutoff @ 76...162V Cq3 i - aﬁ)rox. - 72,676F
Bl Sl == 000 - Cotgsaimmox 2500 pF
Cg4g5a/m min - o 2090,9':

3. Maximum Ratings Cg4g5a/m’® _approx. 450 pF
594953 e ® 275KV o Optical Data
UYUg4g5a min 20 kV A R —————— S o
Ig4g5a mox N “10mA Fgceplate: ‘ ~_ Filter-Glass
Uin o T - Light Transmission (appr.) 49,5%
Ug3 max 6,0 kV 9
UgZ p max 1,0kV Soreer:
E_Zz:;'ai::: S A ggg ':/L Three separate phosphor dots — colour
Oa o v triple'ts — arranged in triangular groups and
Ugl p max = oV aluminized.

T Spacing between centres of adjacent triplets
U—f/k max 1 @ @ 450 V
U—te mx2®@® 200V nearest centre of screen 0,66 mm (appr.).
U—ttkp max @ - 200V
U+f/kpmax 7@ 200V
Uitk max @ 7 ] oV
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A 67-150 X
A 67—-510 X

Dimensional Drawings in mm

579,8max. 450,3max:
57182 (6) = f—————442,5%2 @__
225 ——t 1537 5
%ﬂ ——
o 75 |- 391
i, T Kp,%\/\
‘3 | T == = G L 1. &
e ? E N a0 = vd $ = 7z 7 /@
£1E s a7~ | & EXTERNAL 54maxss 5
e & - e : & l CONDUCTIVE
D =~
S T PR— i 3 COATING ~{ REFERENCE
g} 180 ] ,  — \ ? @F= LINE
oy 929148 o
| o] ANODE CAVITY CAP H INSULATING
| 792 DIN 41543 e COATING
JEDEC J1-21 BASE WITHOUT
JEDEC B12-260 CONDUCTIVE
COATING
[ ® DETAIL W
5277 min. - —()5578————=f
2087 —— N, /‘yw
USEFUL
T T SCREEN AREA
| ©
l g
3 e @
g ¢
g2
2o
¢z
l ALL ROUND
BARE METAL

A 67-150X

Reference line gauge see page 66

O Notes see pages 68 and 69
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A 67-150 X
A 67—-510 X
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OF TYPICAL COMPONENTS FERAIREIR N
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Colour Picture Tubes
A 55—-14 X

For Replacement

96

92r

91R

ITT-Picture Tube A55—-14X is a rectan-
gular colour picture tube with 90° deflec-
tion angle and 36,5 mm neck diameter.
The useful screen area of 1465 cm? (appr.)
has nearly straight sides of 44 x 35 cm
(appr.) with 3 x4 aspect ratio. The filter-
glass of the faceplate has a light trans-
mission of 52 %o (appr.).

The phosphor screen is composed of tri-
angular dot groups — colour triplets —
each consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver acti-
vated sulfide phosphors, the red emitting
phosphor is composed of yttrium com-
pounds activated with rare-earths.

The gun axes are tilted slightly towards the
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly toward the
tube axis to facilitate convergence to the
shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforce-
ment.

Admitted by Association of German
Electrical Engineers, VDE

1. Generalities

Bulb All-Glass Type with
Convex Rectangular
Faceplate

B Filter-Glass

Minimum Useful  Diagonal 514 mm

Screen Dimensions Horizontal 443 mm
Vertical 346 mm
Aspect Ratio 3x4

i ) Area (approx.) 1465cm?

Deflection Angles Diagonal 90°
Horizontal 79°
Vertical 63°

Neck Diameter 36,5 mm o

Overall Length 483 £9,5 mm o

Weight 16 kg (appr.)

Base JEDEC B 12-244

B 14-20/1 DIN 44439
Implosion ~ Steel-Jacket Including
Protection Tube Mount
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Colour Picture Tubes
A55-14 X

For Replacement

2. Typical Operating Conditions (D

4. Ratings for Circuit Design @

Ui @ 63V Is < —45...+ 15pA

It (approx.) 0,9 A Ig2 - <+ 5uA

Ug4g5a 25 kV Ig1 (=Uq1) = 150V <+ 5uA

Ugs 42...50kV

Ug2 cutoit @ @ 285...685V 5. Capacitances

at (—Ugq1) = 150V P — —

, 6 pF

= 95...190V R (approx.) 6 pF.

e o (approx) 5 pF
. Cq3 (approx.) 6,5 pF_

3. Maximum Ratings Cg4gSa/m max _ 2500 pF

Cg4g5a/m min 2000 pF

Jotasn _mex © SO Catssam (approx.) 280 pF_

gdg min

T ® ;’8 {("VA 6. Optical Data

3 s -

UZz . ::: 1,0 kV Faceplate: ~ Filter-Glass

[ — 400 V Light Transmission (appr.) 52°%

(=Ug1) max 200 V '

Usi ax 0V Screen:

Uqt p max 2V Three separate phosphor dots — colour-

Utk mx1® 410 V triplets — arranged in triangular groups and

Utk wex2® © 250 V aluminized. ' -

U_tik p max @ 300 V Spacing between centres of adjacent triplets

Uitk 5 max @ 180 V nearest centre of screen 0,64 mm (approx.)

Uitk max @ 135 V




Colour Picture Tubes
A 55-14 X

For Replacement

Dimensional Drawings in mm
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O Notes see pages 68 and 69 Reference line gauge see page 66
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Colour Picture Tubes
A 55—-14 X

For Replacement

RELATIVE MOUNTING
OF TYPICAL COMPONENTS

w
=
]
1 w
(&}
o
w
7z @,
10max e
T - w DEFLECTION YOKE
o /
PURIFYING MAGNET
- 112 —=f
P LATERAL- CONVERGING
L/ ASSEMBLY
/
t RADIAL - CONVERGING
ASSEMBLY

MAGNETIC SHIELD

BOTTOM VIEW OF BASE

10°max

LOCATION OF RADIAL-CONVERGING
POLE PIECES

6 BLUE GUN

HORIZONTAL LIN
INTERNAL OF SGREEN - NEgsfe0.

MAGNETIC SHIELD

RADIAL POLE PIECES

GREEN GUN RED GUN




Colour Picture Tubes
A 56--120 X

For Replacement

916

92r

iR

ITT-Picture Tube A 56—120 X is a rectan-
gular colour picture tube with 90° deflec-
tion angle and 36,5 mm neck diameter.
The useful screen area of 1465 cm? (appr.)
has nearly straight sides of 44 x 35 cm
(appr.) with 3x4 aspect ratio. The filter-
glass of the faceplate has a light transmis-
sion of 52% (appr.).

The phosphor screen is composed of
triangular dot groups — colour triplets —
each consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver acti-
vated sulfide phosphors, the red emitting
phosphor is composed of yttrium com-
pounds activated with rare-earths.

The tube uses three electrostatically focus-
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly towards the
tube axis to facilitate convergence to the
shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforce-
ment. Admitted by Association of German
Electrical Engineers, VDE.

1. Mechanical Data
Bulb -

Minimum Useful
Screen Dimensions

Deflection Angles

Neck Diameter
Overall Length
Weight
Base

Implosion
Protection

All-Glass Type with
Convex Rectangular

Faceplate

Filter-Glass

Diagonal 533 mm
Horizontal 447 mm
Vertical 337 mm
Aspect Ratio 3x4

Area (approx.) 1465 cm?

Diagonal 90°
Horizontal 79°
Vertical 63°
36,5 mm

472 £ 9,5 mm

15 kg (appr.)
JEDEC B 12-244
14-20/1 DIN 44439
Steel-Jacket Including
Tube Mount
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Colour Picture Tubes
A 56—120 X

For Replacement

2. Typical Operatlng Conditnons 0)

Ur @ . - 63V
Iy . (approx.) 08A
Ug4g5a - - 25 kV
Ugs - ~ 42...50kV
UgZ cutoff @ @ 210...495V
at (-Ug1) = 105V - -
(—Ug1) cutoff @ 70...140V
at —Ug2 = 300V
3. Maximum Ratings .
Ugdgsa  max ® ~ 275kV.
Ugsgsa  min - 20 kV
Istgsa  max ® . 1,0 mA
Ugs e - 6,0 kV
92 p_ max 1,0kV
(=Us1) o max 400 Vo
(=Uq) max - 200 V
UgL max - p \Y
QLP max 2 L
Utk mx1@® 410 V
U_x max 2 @7@ - 250 L
U-—L/k P max o - 300 V
Ustk pmax @ 180 V
U+ka max 13L\/

4. Ratings for CIl’CUI‘I Desngn @

lg3 . - < f£15pA
lg - ) <+ 5uA

lg1 (<Ug1 = 150V) ) =t 5 uA

5. Capacltances

Col (approx.) 6 pF
Ck ] - (approx.) 5 pF

Cg3 (approx.) 6,5 pF

Cg4g5a/m max 2300 pF

Cgdg5a/m min 1700 pF .

Cg4g5a/m’ (approx.) 280 pF

6. Optical Data

Faceplate:
Light Transmission

Filter- Glass
(appr.) 52°%

Screen:

Three separate phosphor dots — colour
triplets — arranged in triangular groups and
aluminized.

Spacing between centres of adjacent triplets
nearest centre of screen 0,64 mm (appr.).
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Colour Picture Tubes
A 56—120 X

For Replacement

Dimensional Drawings in mm
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O Notes see pages 68 and 69 Reference line gauge see page 66

88



Colour Picture Tubes
A 56—120 X

For Replacement

RELATIVE MOUNTING
OF TYPICAL COMPONENTS

E

f= - 240 (approx.) ]

T~

RENCE LIN

EFE

DEFLECTION
/ YOKE
PURIFYING
/ MAGNET

LATERAL- CONVERGING
DEVICE

RADIAL- CONVERGING
_&L \ ASSEMBLY

MAGNETIC SHIELD

BOTTOM VIEW OF BASE
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POLE PIECES 10° max.
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—
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Colour Picture Tubes
A 63—11 X and A 63—200 X

For Replacement

916

ITT-Picture Tube A63—11X (A 63—200 X)
is a rectangular colour picture tube with
89° deflection angle and 36,5 mm neck di-
ameter.

The useful screen area of 2000 cm? (appr.)
has nearly straight sides of 50 x 40 cm
(appr.). The filter-glass of the faceplate
has a light transmission of 52% (appr.).
The phosphor screen is composed of
triangular dot groups — colour triplets —
each consisting of a red-, green- and blue-
emitting phosphor dot. The green- and
blue-emitting phosphors are silver acti-
vated sulfide phosphors, the red emitting
phosphor is composed of yttrium com-
pounds activated with rare-earths.

The tube uses three electrostatically focus-
ed guns and operates on the shadow mask
principle.

The gun axes are tilted slightly toward the
tube axis to facilitate convergence to the
shadow mask. Beam-convergence and
deflection are provided magnetically.
Implosion protection by steel reinforcement.
Admitted by Association of German Electri-
cal Engineers, VDE.

1. Mechanical Data

Bulb “All-Glass Type with
Convex Rectangular
Faceplate

- Filter-Glass

Minimum Useful Diagonal 584 mm

Screen Dimensions Horizontal 504 mm
Vertical 396 mm

- Area (appr.) 2000 cm?

Deflection Angles Diagonal 89°
Horizontal 78°
Vertical 63°

Neck Diameter 36,5 mm

Overall Length 526 + 9,5 mm

19 kg (appr.)

JEDEC B 12-244

14-20/1 DIN 44439
Implosion Protection Steel-Jacket Including
Tube Mount

Weight
Base
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Colour Picture Tubes
A 63—11 X and A 63—200 X

For Replacement

2. Typical Operating Conditions (D

4. Ratings for Circuit Design @

Us @ 6,3V Ig3 D < —45...+ 15pA

I (approx.) 0,9A 152 ] g + 5uA

Uidgsa 25KV g1 (<Uq = 150V) <+ 5uA

Ugs 42...50kV

é—’g? cutoft @ @ 285...685V 5. Capacitances

at (—Ugq1) = 150 V) - T
Cql (approx.) 6 pF

-U 95...190V £ ——— =

Eat ffg)?cff‘:‘% V) Ck (approx.) 5 pF_
Cg3 (approx.) 6,5 pF

3. Maximum Ratings CgdgSa/m max 3000 pF
Cg4g5a/m min 2000 pi

Ugdgsa  max ® 27,5 kV Cg4g5a/m’ A 63—11 X (approx.) 400 pF

ys4s5a min 5 2(1’0‘:;’A Codgsam’ A B3—200 X (approx.) 280 pF

lg4g5a max

593 max ?g t\\; 6. Optical Data

(_gi/p]) — 400’ v Faceplate: Filter-Glass

(—UZ1) ’ :Zi 200 V Light Transmission (appr.) 52%o

u 0V

Ug: e 2V Screen:

Ug HE "‘16*’(@. 410 v Three separate phosphor dots — colour

U_WJmaxz@ ® 250 V triplets — arranged in triangular groups and

Y-tk max e B e

Uit pmax @ 300 V alumllnlzed. . _

Ut oo« 180 V Spacing between centres of adjacent triplets

U+f/k = ® 135 V nearest centre of screen 0,74 mm (appr.).

Usik  max
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Colour Picture Tubes
A63-11X

For Replacement

Dimensional Drawings in mm
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Reference line gauge see page 66

O Notes see pages 68 and 69
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Colour Picture Tubes
A63-11X

For Replacement

RELATIVE MOUNTING
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Colour Picture Tubes
A 63—200 X

For Replacement

Dimensional Drawings in mm
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O Notes see pages 68 and 69 Reference line gauge see page 66
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Colour Picture Tubes
A 63—200 X

For Replacement

RELATIVE MOUNTING
OF TYPICAL COMPONENTS
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Delivery Programme

Rectifiers
Selenium Rectifiers
Silicon Rectifiers

Capacitors

Metallised Paper Capacitors MP
Polystyrene Foil Capacitors KS

Metallised Polyester Capacitors PMT
Metallised Polycarbonate Capacitors PMC
Tantalum Electrolytic Capacitors
Aluminium Electrolytic Capacitors
Ceramic Capacitors

Spark Suppressors

Resistors
Fixed and Variable Resistors

Non-linear Resistors
Thermistors and Varistors

Moduls
Quartz Crystals and Filters
Selenium Charge Carriers

Relays
Dry Reed Contacts and Reed Relays
Unsealed Relays

Digital Counters

Switches and Push Buttons
Rotary Switches

and Knob Detent Mechanisms
Push Button and Slider Switches

ISEP @ (ITT Standard Equipment Practice)
Connectors, Sub-Racks,

Equipment Cases and Cabinets
Printed Circuit Boards

The components described in this data
book represent only a small part of the
wide range of electronic and electro-
mechanical components manufactured and
sold on ITT Components Group Europe.

Dunkermotoren - Miniature Precision Motors
D.C. Motors :
Single Phase and Three Phase A.C. Motors
Tachogenerators and Gears

Dunkermotoren - Drives for
Venetian Blinds and Roll Shutters

Motors and Blowers

A.C. Motors

Gear Motors .
Transverse Flow and Radial Blower:
Synchros and Tachometer Generators

Ringing and Signalling Machines
Infinitely Variable Speed Drives

Loudspeakers and HiFi Sound Sources
Miniature and Standard Loudspeakers
HiFi Loudspeakers

Extension Loudspeakers

HiFi Sound Sources

HiFi Assembly Kits

and Cabinet Assembly Kits

Tubes and Deflection Means

Radio and TV Tubes

Black/White and Colour Picture Tubes
Special Tubes and Microwave Devices
Deflection Means

for Black/White and Colour TV Sets

Semiconductor Components

Units for Electronic Control Technique

For technical details as well as for terms
of delivery concerning the above listed
components please write to the following
address:

ITT Components Group Europe
Standard Elektrik Lorenz AG
Components Group

Publicity Department

D-8500 Niirnberg

P.O. Box 2340 - PlatenstraBe 66
Telephone (0911) 421-1 - Telex 622211-12




These components are available from:

1975 5005-1174-1. S+K

or directly from:

ITT Components Group Europe

Standard Elektrik Lorenz AG
Unternehmensgruppe Bauelemente
D-7300 Esslingen

P. O. Box 807 - Fritz-Miiller-Strasse 112
Telephone (07 11) 35 14-1 - Telex 7 256 545

Dircrtiira Tithae 1Q78 /78
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