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INTRODUCTION

This 1966 edition is a completely revised
and enlarged version of the preceding
one, containing data on all our products.

For a number of these products, sepa-
rate booklets are available giving all nec-
essary information and replacing the
previous ‘EP catalogue sheets’.

Generally, the type numbers indicate
preferred types; however, the fact that
a certain type is entered in this book
does not necessarily imply its immediate
availability.

As our research and development de-
partments are engaged on continually
perfecting our components and mate-
rials, the specification of a certain prod-
uct may be found to have improved
during the currency of this book.

We are sure that this book will be a
useful guide to all who want to make a
quick and correct choice from the great
variety of products that we offer to the
electronic industry, products that form
the basis of the economic manufacture and
maintenance ofhighly reliable electrical and
electronic equipment

Industrial Components and Materials Division
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FM TUNERS FOR RADIO

Wave range ....coeceeeeeenenns . Mc/s
padding deviation . Mc/s
total gain..

IF frequency...........cooeeet . Mc/s
IF bandwidth (3dB) . . . . ke/s
max. frequency drift ke/s
radiation :

fundamental oscillation . . . . ./(V/m
second harmonic............. .. J(NV/m

tube types

FM tuner with tube ECC85 for

European band............cooiint.

FM tuner with tube ECC85 for

American band ................ .l
AP2110/01 with A FC .............
AP2110/01 with AV C .............

transistor type

FM tuner with transistors for

European band with A F C .......

tube types

AP2110/01
AP2110/03 AP2110/02

87-104.01 87-108.52
0.5 <0.5
125x 90 x
10.7 10.7
180-220 180-220
30 30

1504 1504

204 204

AP 2110/02: AFC 70-130 kc/s per V: AFC bias 9V
AP 2138: AGC at —8V: the gain is at least 20 x lower

1Tolerance + 150 kc/s; 3tolerance *

A4

AP2138

87-108.52
0.5

90 x
10.7
180-220
30

10005
3005

type number

AP2110/03

AP2110/01
AP2110/02
AP2138

type number

AP2150/00

transistor type

AP2150/00

87.0-104.5

0.5

4-6 x

10.7

min. 200
3003

10005
3005

250 kc/s; 3as VE falls from 6V to 4V; 4measured at a distance of 30 m ;
5 measured at a distance of 3m (IEC norm)



This turret type tuner has been developed for
reception of television signals in bands | and Il
(41-68 Mc/s and 174-223 Mc/s resp.) The standard
CCIR tuner has 10 channels with printed coil strips.
During manufacture it is possible to replace these
by any desired range of channels. When a special
transmitter must be received, there is the possi-
bility of inserting this particular channel, e.g.
channel 2a for Austria or OIR2 for Finland, etc.
For this purpose, the turret has two spare positions.

Not to be used for first equipment design.

VHFTUNERS FOR TV

TYPE AT7638, AT7639, AT7640, AT7641

The tuner is provided with the low-noise tube PCC189 operating as an RFcascode amplifier with ex-
cellent cross-performance, in the oscillator and mixer stage a PCF86 is used. Due to the high mutual
conductance of the pentode section of the PCF86, the IF gain is increased by about a factor of 2, the

total overall gain of the tuner now being 40 dB.

AT7638, AT7639

AT7640, AT7641
A5



VHF TUNERS FOR TV

TYPE AT7639, AT7641 (WITH CASCADE SWITCH)

TYPE AT7650

A6

S

This very small VHF tuner has a 13-position turret
switch equipped with 10 VHF-CCIR channel strips
(channels 2-11), covering the frequency bands |
and Il (41-68 Mc/s and 174-223 Mc/s resp.)

The tuner has a memo-matic system which can be
adjusted to each individual channel.

The tubes used are type PC900 (RF stage) and type
PCF801 (oscillator/mixer). Due to a careful design
this tuner meets the German Post Office require-
ments as regards radiation.

Life tests carried out on the reset stability revealed
that Afosc<150 kc/s when the tuner is switched
from one channel to another and back again.
Provision is made for UHF-IF injection on the grid
of the mixer pentode. The influence of this circuit
on the shape of the RF bandpass curve is negligible.
The gain is approximately 50 times (for a 3dB IF
bandwidth of 6 Mc/s).



Aerial 3000hm

IF-UHF T.P AGC

VHF TUNERS FORTY

TYPE AT7650

A7



VHF TUNERS FOR TV

AT7650T, AT76S1T and AT7652T

Differences between the types:

an

A8

AT7650T has no VHF-bridge in circuit.

These transistorized VHF tuners have a
13-position turret switch equipped
with up to 11 VHF-CCIR channel strips
(channels 2-12), covering the frequency
bands | and 11l (41-68 Mc/s and 174-223
Mc/s). The tuners have the same memo-
matic system as used in the VHF tuner
AT7650; each individual channel can be
adjusted. The RF stage is equipped with
a transistor AF180; the mixer and the
oscillator are both equipped with an
AF178. Forward AGC can be applied to
the RF stage; again reduction of approx-
imately 40 dB can thus be obtained.

AT7651T and AT7652T are equipped with a UHF-bridge in circuit (extra IF gain approximatelylOdB).
The total gain from the antenna to the first IF amplifier exceeds 26 dB at 3 dB IF bandwidth of 6.5 Mc/s

d is flat within 5 %.

aerial input 30052(R.S)
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VHF TUNERS FOR TV

AT76S0T, AT7651T AND AT7652T

A9



UHF TUNERS FOR TV

TYPE AT6354

This tuner has been developed for the reception of
television signals in bands IV and V (470-862 Mc/s).
Standard CCIR-IF frequency: sound 33.4 Mc/s,
picture carrier 38.9 Mc/s.

The RF stage is equipped with a PC88 in grounded-
grid circuit: the oscillator/mixer employs a PC86.
The gain is approximately 10 dB (for a 3dB IF
bandwidth of 6 Mc/s).

Al0

«If=300mA



This tuner is a transistorized version of type
AT6354. The gain is approximately 14 dB (at a 3 dB
bandwidth of 6 Mc/s).

~ 3xM3 mounting holes
V1 -
10

s €cC
9+0.5 a | 7582 - ]

UHF TUNERS FORTY

TYPE AT6370

All



UHF TUNERS FOR TV

TYPE AT6380 AND AT6381

AT6381 AT6380

This tuner, which is continuously tunable, has been developed for the reception of television signals in
bands IV and V (470-890 Mc/s).

The tuner should preferably be provided with a gearing to obtain a total ratio of about 1 : 40.

The maximum permissible axial torque on the tuner spindle is 7 kg.cm. The gain is approximately
14 dB (for a 3 dB bandwidth of 6 Mc/s).

These two types of tuner are electrically identical, the mere difference being that the resistors of
tuner AT6381 are mounted on a printed-wiring board. The figure shows both the printed-wiring board
on top of tuner AT6381 and the terminals on top of tuner AT6380.

5610.5

AT 6380
| Foutput (6)

12V (mixer, F). ’ RF transistor (0)

Al12



max 156

23.7

UHF TUNERS FOR TV

TYPE AT 6380 AND AT6381

TYPE AT6385

This tuner is the push-button version of the
AT6380 and AT6381 types.

Tuner type AT6386 differs from type AT6385 in
that the switch for the B+voltage and AGC-line
has been omitted.

antenna connection UHF
240J1/300J1

Al3



DEFLECTION COMPONENTS FOR TV

LINE OUTPUT TRANSFORMER TYPE AT2025
Preferred type for tube sets with either conventional or printed wiring with non-inflammable coils.

(supply voltage 240 V)

System 525/625 lines

Deflection 110° or 114°

EHT 18kV stabilized

Deflection unit AT1011, AT1019 or
AT1030

Linearity control AT4032 or AT4034
Line output tube PL500

Booster diode PY88

EHT rectifier DY87

VDR resistor E298 GD/A265

Two circuits are shown.

In Fig. 1 the S-correction capacitor Cs
is connected between the two halves
of the secondary. In Fig. 1a Cs is con-
nected directly in series with the de-
flection unit. The advantage of the first
circuit is that the booster capacitor CB
requires a much lower value.
Moreover, a 90 V p-p parabola-
shaped voltage is available from ter-
minal 3.

The table below gives measured results
obtained with a 120 pF ceramic capaci-
tor connected between (6) and
(3). The capacitance between terminals
(1) and (4) is 100 pF.

supply voltagel ....coo.oeiiiiiiiiii s 2o v 225 V

beam current2 ... 35 /(A 400 /(A
E H T e 18.1 kV 16.4 kV
booster voltage adjusted to ...t 650 V 618 V

flyback tim e ... 17.5% 17.5%

stabilisation range...........ooooiiiii 195 V 205 V

OVETSCANZ ettt e et e e et e e e e e a e e eaeas +9 % —

1 Internal resistance of power supply = 250 Q
2 A beam current increase of 200 /(A results in an amplitude increase of max. 2%.

Al4



DEFLECTION COMPONENTS FORTY

LINE OUTPUT TRANSFORMER TYPE AT2025

In the design of type AT2025 special attention has been paid to mounting (and dismounting) facilities.
Its mounting height is less than that of its predecessor, type AT2023/01.

The transformer can be mounted on metal chassis or on printed-wiring boards. There are four pins
and two threaded holes available for the mechanical mounting. The pins can be bent or soldered for
fixing the transformer to the chassis.

The electrical connections are made to wire pins which in this design lie in straight lines.

This transformer satisfies the most stringent safety requirements. Both the primary and the EHT
coils are made self-extinguishing by a special impregnation technique.

LINE OUTPUT TRANSFORMER TYPE AT2026 AND AT2031/01

Type AT2026 is mechanically identical to type AT2025, but was specially developed for 625/819 lines in
multistandard tube sets (EHT 18 kV).

Type AT2031/01 is mechanically identical to type AT2023/01, but was specially developed for 625/819
lines in multistandard tube sets (EHT 17 kV).

Al5



DEFLECTION COMPONENTS FOR TV

LINE OUTPUT TRANSFORMER TYPE AT2023/01.

This type of transformer is designed for tube sets and is suitable for both conventional and printed
wiring. (It should not be used for new designs.)

System 525/625 lines

EHT 17.5 kV stabilized

Deflection unit AT1011, AT1019 or
AT 1030

Linearity control AT4032 or AT4034
Line output tube PL500

Booster diode PY88

EHT rectifier DY87

Al6



DEFLECTION COMPONENTS FORTY

ADJUSTABLE LINEARITY CONTROL TYPE AT4032

This control unit designed for tube sets
consists of a coil located in a biasing field
between two ferroxdure ring magnets. To
adjust the linearity, a ferroxcube core can
be moved axially in the coil and magnetic
rings, thus controlling the degree of satura-
tion of the inductance. The ferroxcube core
has been provided with an insulating grip
and is held in position by means of asilicon-
rubber ring.

The unit has been designed for use in combi-
nation with deflection unit AT1011 and line
output transformer AT2023 or AT2025.

The unit can be mounted either on printed-
wiring boards, by means of its connecting
pins, or on conventional panels, by means
of two screws through the holes in the pads.

Al7



DEFLECTION COMPONENTS FOR TV

ADJUSTABLE LINEARITY CONTROL TYPE AT4034

This unit is designed for use in TV sets equipped with tubes, to adjust the linearity of the line deflec-
tion. It can be used in combination with deflection unit AT1011, AT1019 or AT1030 and line output
transformer AT2023/01, AT2025, AT2026 or AT2031/01.

Al8

A

'5

The control unit consists of a coil wound on a ferroxcube rod, and
two ferroxdure magnets. One of these magnets had the shape of a
half ring placed around the ferroxcube rod under the coil. The
second magnet is cylindrical and is positioned parallel to and
clamped against the ferroxcube rod opposite the first one. It is
provided with a square hole to facilitate turning of the magnet
to adjust the biasing field and so the linearity of the line deflection.

Mounting

The unit can be mounted both on printed-wiring boards, by means
of its two connecting pins and two mounting pins, and on con-
ventional panels, by bending of the two mounting pins and/or by
means of a screw through an aperture in the casing. To prevent
distortion of the magnetic field, any iron parts should be at a dis-
tance of at least 3 mm from the magnetic parts. The coil should be
shunted with al W carbon resistor of 1500Q to damp ringing
phenomena.

Hole pattern for mounting on a chassis

5e

e=2.52mm

Se 0 7246786

Hole pattern for mounting on a printed-
wiring board

* hole only necessary for bottom adjust-
ment.



DEFLECTION COMPONENTS FORTY

DEFLECTION UNIT TYPE AT1011

This deflection unit is designed for tube receivers; it can be used for 19" and 23" 110° rectangular
picture tubes. The windings of the coils of the unit have been constructed so as to minimize raster
distortion on the screen of a 19" or 23" rectangular tube. This unit offers several possibilities for fine
adjustment of the raster shape, but for the convenience of the setmakers it is adjusted before deliver/
for optimum raster shape on an average picture tube. The various adjustments, summarized below, are
achieved by:

1

N

. Two sliding magnets for the compensation of horizontal pin-cushion distortion, i.e. for straighten-

ing the upper and lower sides of the raster.

. Two adjustable cylindrical magnets for the compensation of vertical pin-cushion distortion, i.e. for

straightening the left- and righthand sides of the raster. These magnets are diagonally magnetised
and can be turned between pole shoes for the correct magnetic field distribution.
The adjustment is marked with paint.

. The pole shoes are also adjustable, that is to say, they slide on the cap of the deflection unit. This

adjustment allows compensation of certain non-symmetric errors (trapezium distortion).
The pole shoes are adjusted before delivery for optimum raster shape on atest tube; this position
is indicated by a dot.

. Small rubber magnets can be attached to the pole shoes. These flat square magnets are provided

with a hole in the centre which fits the lips of the pole shoes that are bent outward. By turning
these magnets the shape of the corners of the rasters can be adjusted. They are supplied separa-
tely under type number AT7114.

. Centring magnets for centring the raster on the picture tube face.

Al19



DEFLECTION COMPONENTS FORTY

DEFLECTION UNIT TYPE AT1011

frame coils v
inductance....cocoeeeeeueeneennan.. 82 mH . ¢
resistancCe.....oovviieiiiiiieiaenne 48 Q 1 L

)
deflection current (peak-to-peak) 455 mA IH'D
at 18 kV for a deviation of. . . 380 mm R

frame coils
2422068

“Including NTC-resistor R.

line coils

2.9 mH
4.6 Q
2.2 A
500 mm

H
line coils

The component parts of the deflection unit are embedded in polyester resin. The horizontal and
vertical coils are adjusted for minimum coupling before being embedded, so that the *“cross talk”

from line to frame coils is kept to a minimum.

The picture height must remain constant even in frame-output circuits with voltage feedback. For this
purpose, an NTC-resistor is connected in series with the frame coils. For optimum heat transfer this
resistor is contained in the same casting as the frame coils. So the coils and the NTC-resistor have
practically the same temperature under all conditions which is especially important during the warm-

up period.

If a frame-output circuit with current feedback is used, the NTC-resistor can be left out by usingthe

soldering tag V between frame coil and NTC-resistor.
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DEFLECTION COMPONENTS FOR TV

DEFLECTION UNIT TYPE AT1019

This unit, designed for tube receivers, is electrically identical to deflection unit AT1011

The windings of the coils of deflection unit type AT1019 have been designed for minimum raster
distortion on the screen of a 19" and 23" rectangular tube. In addition, this unit offers several possi-
bilities for fine adjustment of the raster shape. The various adjustments, summarized below, are
achieved by:

1. Two plastoferrite rod magnets for the compensation of horizontal pin-cushion distortion, i.e. for
straightening the upper and lower sides of the raster. (Mounted inside the rim.)

2. Two adjustable cylindrical magnets for the compensation of vertical pin-cushion distortion, i.e.
for straightening the left- and right hand sides of the raster. These magnets are diagonally magne-
tised and can be turned between pole shoes for the correct magnetic field distribution.

3. The pole shoes are also adjustable, that is to say, they slide in agroove of the rim of the deflection
unit. This adjustment allows compensation of certain non-symmetric errors (trapezium distor-
tion).

U. Small rubber magnets can be attached to the rim. These flat square magnets are provided with a
hole in the centre which fits the pins on the rim. By turning these magnets the shape of the cor-
ners of the rasters can be adjusted. They are supplied separately.

5. Centring magnets for centring the raster on the picture tube face.
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DEFLECTION COMPONENTS FORTY

DEFLECTION UNIT TYPE AT1019

frame coils
inductance.....ocooeiiviiiiiieiennn 82 mH
resistance ..oooooieiiiiiiiiienann. 48Q1
deflection current(peak-to-peak) | 455 mA
at 18 kV for a deviation of 380mm

1 Including NTC-resistor.
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DEFLECTION COMPONENTS FORTY

DEFLECTION UNIT TYPE AT1030

This deflection unit is designed for tube receivers; it can be used for 19" and 23" 110° rectangular pic-
ture tubes.

The unit offers some possibilities for fine adjustment of the raster shape.

The adjustments, summarised below, are achieved by:

1. Two rod magnets, mounted on brackets, for compensating vertical pin-cushion distortion. Asy-
metrical pin-cushion distortion can also be corrected to some extent by bending the rod magnets
asymmetrically.

2. Small rubber magnets which can be attached to the rim. These flat square magnets are provided
with a hole in the centre which fits the pins on the rim. The shape of the corners of the raster
can be adjusted by rotating these magnets. They are supplied separately.

3. Two plastic ferrite rod magnets which can be mounted in plastic slips on the rim. These magnets
can be used to compensate horizontal (pin-cushion) distortion, i.e. to straighten the upper and lower
edges of the raster. Each clip contains two slots of different size to accomodate rods with different
diameters. It is also possible to use two plastoferrite rods inside the rim as in Type AT1019.1

4. Centring magnets for centring the raster on the picture tube face.

1With 19" tubes these rods are always necessary to get optimum raster shape.
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DEFLECTION COMPONENTS FORTY

DEFLECTION UNIT TYPE AT1030

frame coils
INAUCTANCEe . 82 mH
resiStancCe .coooviie i 48.50
deflection current (peak to peak) 0.4 A
at 18 kV for a deviation o f................ 380 mm

Vv
9(6) line coils H
9(4)
e
L °c y y
29 mH 8 §
f---oV(®) 4.60 P P
Jvrcfil i 2.25 A T 72422260
500 mm A )
1O inacoi
lire coils

frame coils
72422260.1



DEFLECTION COMPONENTS FORTY

FRAME OUTPUT TRANSFORMER TYPE AT3507

The core of the transformer consists of two O-shaped yokes, formed by a number of bent laminations,
with the coils wound around the two inner legs. The lower part of the transformer is embedded in
polyester resin, in which apertures are left for mounting purposes. The maximum height and the rela-
tive positions of the apertures are shown in the figure.

The primary winding between the connections a and c is designed for a supply voltage of 220 V, whilst
the connections a and b should be used if the supply voltage is 200 V.

FRAME OUTPUT TRANSFORMER 625/819 LINES, TYPE AT3508

The data are identical to those of type AT3507, but an extra winding has been provided for flyback
suppression.
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DEFLECTION COMPONENTS FOR TV

ACCESSORIES

Screened EHT cable type AT7116 with built-in 220 kQ resistor.
Unscreened EHT cable type AT7117, without resistor.

EHT RECTIFIER SOCKET TYPE AT7108 WITH BUILT-IN 1.2Q RESISTOR
Designed for use in tube receivers.

EHT RECTIFIER SOCKET TYPE AT7108/02.
Designed for use in transistorized receivers.
This type number covers:

EHT cable AT7116
Rectifier socket AT7108
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DEFLECTION COMPONENTS FORTY

FOR 11 INCH 'TINYVISION” TRANSISTOR AND TUBE RECEIVERS

(These components are designed around picture tube A28-13W).
Two sets of components are available, one for tube receivers and one for transistorised receivers. They
differ merely in the winding data.

A. For tube receivers the set comprises:

Deflection unit AT1021/01

Line output transformer AT2043

Linearity control unit AT4037
The essential data of the deflection unit are given below. To achieve temperature compensation, an
NTC-resistor (cold resistance 32Q) shunted by a 12 D carbon resistor, is connected in series with the
30Q frame coils. In this way the total effective resistance (about 3842) remains substantially constant
over a wide temperature range.

AT1021/01 Line coils Frame coils
Inductance 1.7 mH 42 mH
Resistance 3.6Q 38Q
Sensitivity 108 /IV s/cm 9 mW/cm?2

The design of the line output transformer AT2043 is based on the use of the tubes PL81, PY81 or
DY51 (or a semiconductor diode). The nominal supply voltage is 240 Vdc; the transformer has to be
used with VDR-stabiliser E298 GD/A265 in order to keep the anode voltage of the PL81 well above
the knee so as to prevent the occurrence of Barkhausen oscillations.

Further data

EHT voltage (no load). . 11 kV

Booster voltage 240 + 440=680V

Flyback tim e ...... ..17.5%

Average current 32 mA (38 mA with DY51)

OVEerSCaN cooveineeieeeenaeeaenens +5%

Extraw indings ..coocoeeieiiennen. a. 7-8 for heater supply of the picture tube: 11 Vrms (or 38Vp.p)

b.5-6: 28 Vp_p for power supply of transistors in hybrid sets
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DEFLECTION COMPONENTS FOR TV

FOR 11 INCH "TINYVISION” TRANSISTOR AND TUBE RECEIVERS

(These components are designed around picture tube A28-13W).

B. For transistorized receivers the set comprises:

Deflection unit AT1020/01
Line output transformer AT2042
Linearity control AT4036

The essential data of deflection unit type AT1020 are given below. The AT1020 has separate connec-
tions for both frame coils. Thus it is possible to connect them in series (30R) or in parallel (7.5Q).

AT1020/01 Line coils Frame coils
Inductance 81 /<H 42 mH
Resistance 0.15Q 30/7.50
Sensitivity 23 y«V s/cm 9 mW/cm2

The design of the line output transformer AT2042 is based on the use of the line output transistor
AU103, the parallel diode BY118 and the EHT rectifier DY51 (or asemiconductor diode). The stabilized

supply voltage is 11 V.

Further data:

EHT voltage (noload) ..cocceieieiniinnenen 11 kv
CUTMTeN T 0.52 A
Flyback tim e ..ot 17.5%
OVEISCAN cetiteee it e e e eeaeee +5 %

The data were, measured at a load of 0.9 W on the extra winding and including 0.77 W heater power
for the DY51.).

More details on request.
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DEFLECTION COMPONENTS FOR TV

DEFLECTION SYSTEM FOR TRANSISTORISED RECEIVERS

Line output transformer Linearity control Deflection unit

AT2038

AT4035 AT1018

General design considerations

These deflection components have been designed for transistorised full-performance mains receivers
having the additional feature that a 12 V battery can also be used for the power supply.

System .ocoeveeveieannns
Picture tube
Deflection angle

Extra high tension .
Flyback time

Line output transistor
Driver transistor
Booster diode

Parallel diode

EHT diode

Deflection unit.

Line output transformer
Linearity control

EHT socket

More details on request

525/625 lines
19 inch

110 degrees (or 114)
16 kV
19.5%
AU104
AC128
BY118
BY118

DY87
AT1018
AT2038
AT4035
AT7108/02
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DEFLECTION COMPONENTS FOR COLOUR TV

90° RECTANGULAR TUBES

From 1.8.°65 on the package comprises the following components:

AT1022/01 Deflection unit

AT1023/01 Convergence unit

AT1025/01 Blue lateral convergence unit

AT2044/01 Line output transformer complete with EHT rectifier socket and cables
AT3512/01 Vertical output transformer

AT4041/01 Transductor for raster correction

AT4042/01 Linearity control

Set of adjustable coils for convergence adjustment:

AT4040/01 R/G par. bal.
he B par.
107 B correction
/08 R/C par.
/10 For raster correction

More details on request.
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100 series - CIRCUIT BLOCKS

STANDARD UNITS FOR MEDIUM SPEED (max. frequency 100 kc/s)

Circuit blocks can in general be used in all
digital data handling equipment such as for
signalling, computing, controlling, measur-
ing and testing, data handling, laboratory
uses etc.

A circuit block is a small encapsulated unit containing basic electronic components, designed to accept
and operate upon a specific type of input signal and to produce a specific type of electrical output.
A number of different blocks can be combined to form larger parts of a reliable electronic digital system.
The dimensions of all circuit blocks are approximately 54 mm X 24 mm X 11 mm.

Out of one side of 54 mm X 11 mm emerge ten wire terminals of 0.7 mm diameter and 15 mm length.
The distances between the wires are 5.08 mm (0.2 in.) in accordance with the I.E.C. standard hole grid
for printed-wiring boards. The blocks are colour-coded, a different colour being used for each group
of functions.

standard supply voltage ...c.cooviiiiiiiiiiiiiieens +6V and —6V (x5%)

power disSipation......oooeiiiiiiiii s 20-100 mW

operating temperature  ......oociiiiiiiiiiiiiieiaaanns — 20 °Cto +60 °C

storage temperature  ......ocooeviiiiiiiieieiieeenans —25°Cto+75°C

DO USIN G e synthetic resin, rectangular, flat, colour-coded
terminals oo 10 in one row

test specificationsS. ... MIL-Std. 202 and IEC68

Composition of the type number:

I »serial number
———————— » mechanical design
----------- » main circuit function :
2 memory
3 gating (AND, OR)
4 amplifying and inver-
sion
5signal generating and
pulse shaping
6 miscellaneous
————————————— "8 special circuits
9 standard circuits
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Available types

function

memory

signal generating
and
pulse shaping

gating
(AND, OR)

amplifying
and
inversion (NOT)

counter
and
shift register

CIRCUIT BLOCKS - 100 series

STANDARD UNITS FOR MEDIUM SPEED (max. frequency 100 kc/s)

colour
code

red

green

orange

yellow

Available types for ferrite-core memory drive

function

ferrite-core
memory drive

colour
code

yellow

green

orange

blue

description type nu%p;er

bi-stable multivibrators (Flip-Flops)

with internally connected trigger inputs . . FF1 B89200 0 / -
FF31 B8 920 02

with gated trigger inputs.......c.oeeieinent FF2 B8 92001 iJ
FF41 B8 920 03 2.0

monostable (One-Shot) multivibrators . . 0S1 B8 95001 K.J.O
0S21 B895003 2V -

pulse shaper. ..o PS1 B8 950 00

PUISE AFiVETr oo PD1 B8 950 04

twin 2-input negative gate  ............ooo.l 2.2N1 B8 930 01

twin 2-input positive gate .........coveevuennen 2.2P1 B8 93003 b Vo

twin 3-input negative gate  .............c..... 2.3N1 B8 930 00 <P.i>

twin 3-input positive gate .........c...ceenatn 2.3P1 B8 93002 10 .1«

twin pulse logic trigger inputs for FF1, FF2 . 2.PL1 B893004 H-S»

twin pulse logic trigger inputs for FF3, FF4 .  2.PL2 B8 930 07 12- -

twin emitter followers..........ocoooiiine. 2EF1 B8 94001 U.<to
2EF2 B8 94003 n- s~

twin inverter amplifier........................ 21A1 B8 940 02 12js+

twin inverteramplifier...................... 21A2 B8 940 05 <6,-

emitter follower/inverter amplifier . . . EF1/1A1 B8 940 00

power amplifier................. PA1 B8 900 00 3%, -

decade counter (1-2-4-2 code-4x FF1) . . DC1 B8 850 00

twin decade counter

(1-2-4-8code- 2Xx4X FF3) oiiiiiieiennns 2DCA2 B8 850 01
reversible shift register or ring counter
(BX FF4 + 5X 2.PL2)cciuieiiiinininicnenanne. RCA1 B8 850 02 2*0,
description type nutipt?er

read amplifiers.......oooveeieiiiiiieieieeeenns RA2A B8 940 07 -
RA2B B8 940 08 2*t- -
RA1 B8 94006 <K,

pulse generator..c.ocooiiiiiiiiiiii e PG1 B8 950 02

selection gate ..oooooeiiiiiiiiiiiiii e SG1 B8 930 05

twin selection switch 2Ss1 B8 960 00

limproved performance such as: improved loadability, improved insensitivity to disturbing signals, improved appli-
cability, improved economy, improved reliability.
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100 series - CIRCUIT BLOCKS

UNITS WITH A MEMORY FUNCTION

FF1 - FLIP-FLOP with internally connected trigger inputs

Type number: B9 920 00

Colour: red

The circuit performs a memory function when driven by
means of a d.c. level or a positive-going trigger signal (a.c.
input signal). It can also be used as a scaler-of-two, driven
by a positive-going trigger signal.

Terminals:

=

Q8 = output 2

2. A3 = a.c. input 2

3. A; = ac.inputl

4. W 2= d.c. input 2

5. P2 = supply +6 V

6. E = common supply 0V
7. P, = supply +6 V

8. N = supply —6V

9. Wj = d.c. inputl

10. Qt = outputl

FF3 - FLIP-FLOP with internally connected trigger inputs

Type number B8 920 02
Colour: red

The circuit performs a memory function
when driven by means of a d.c. level or a
positive-going trigger signal, and it can also
be used as a scaler-of-two when the trigger
inputs are interconnected.

Terminals:
1.

N
°©

© XN A WD

output 1

output 2

trigger input 2

trigger input 1

d.c. input 2

d.c. input 1

for external trigger input
supply — 6V

supply +6V

common supply 0V



Type number: B8 920 01
Colour red:

The circuit performs a memory function when
driven by means of a d.c. level or a positive-
going voltage step (a.c. input signal). In the case
of a.c. drive, the switching of the flip-flop can
be controlled by a d.c. level supplied to the
built-in gate circuits (e.g. in shift registers).

Terminals:

1. Q, a output 2

2. G! = gate inputl
3. A = a.c.input

4. W., = d.c. input 2
5. P = supply +6 V
6. E = common supply OV
7. Wt= d.cinputl
8. N = supply —6V
9. G2 = gate input 2
10. Q, = outputl

Type number: B8 920 03
Colour: red

The circuit performs a memory function when
driven by means of a d.c. level or a positive-
going trigger signal. In the case of trigger drive,
the switching of the flip-flop can be controlled
by a d.c. level applied to the built-in gate cir-
cuits (e.g. shift registers).

Terminals:

1 @j = outputl

2. g2 = output2

3. g2 = gateinput2
4. g; = gateinputl
5. Wt= d.cinputl
6. w 2= d.c.input2
7. A = trigger input
8. N = supply —6V
9. P = supply +6V
10. E = common supply 0V

CIRCUIT BLOCKS - 100 series

UNITS WITH A MEMORY FUNCTION

FLIP-FLOP with gated trigger inputs - FF2
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100 series - CIRCUIT BLOCKS

UNITS WITH A SIGNAL-GENERATING AND PULSE-SHAPING FUNCTION
O0S1 - ONE-SHOT MULTIVIBRATOR

Type number: B8 950 01
Colour: green

When a positive-going voltage step is applied to terminal
A2 of this monostable multivibrator the circuit generates
a pulse at the Q-terminals. The duration of the output
pulse is determined by the value of the external capaci-
tance between the terminals W 2and Qt.

Terminals:
1. Q2 = output?2

2. A2 = a..input?2

3. W 2= d.c. input 2

4. W 2= d.c.input2

5. N2 supply — 6V

6. E common supply OV
7. P supply +6V

8. Nt supply — 6V

9. W, = d.c.inputl

10. Qj = outputl

OS2 - ONE-SHOT MULTIVIBRATOR

‘When a positive-going voltage step is applied to terminal A of this monostable multivibrator the circuit
generates a pulse at the Q-terminals. The duration of the output pulse is determined by the value of:
the external capacitance C between K and L (for pulses longer than the intrinsic value);
the external resistance between Q 2and W (for pulses shorter than the intrinsic value).

Type number: B8 950 03
Colour: green

Terminals:

1. Qj = outputl

2. Q2= output2

3. = d.c. input

U. K = for external capacitor
5. not connected

6. L = for external capacitor
7. A = trigger input

8. N = supply —6V

9. P = supply +6V

10. E = common supply 0V



CIRCUIT BLOCKS - 100 series

UNITS WITH A SIGNAL-GENERATING AND PULSE-SHAPING FUNCTION

Type number: B8 950 00
Colour: green

A d.c. input signal of a magnitude exceeding the input
tripping level of this squaringamplifierand invertercircuit,
is re-shaped and inverted into the standard d.c. level at
the output. The output voltage transients are very short
and can be used for driving other circuit blocks, multivibra-
tor circuits included.

Terminals:

Q = output
internally connected
internally connected
P = supply +6V
W = input

not connected

E = common supply 0V
not connected
internally connected
N = supply — 6V

=

©CoNO O RN

N
°

Type number: B8 950 04
Colour: green

The unit is mainly designed to ope-
rate as a clock source, delivering
trigger pulses for a great number of
flip-flops FF1, FF2, FF3 and FF4 or as
a counter driver.

1. A = trigger input
2. G = gate input
3. K = for external capacitor
4. W = d.c.input
5. EG = extension gate input
6. L = for external capacitor
7. Q = output
8. N - supply — 6V
9. P = supply +6V

E = common supply OV

PULSE SHAPER - PS1

PULSE DRIVER - PD1

B9



100 series - CIRCUIT BLOCKS

UNITS WITH A GATE FUNCTION

TWIN GATES

2.3N1 -THREE NEGATIVE INPUTS 2.2N1 -TWO NEGATIVE INPUTS
Type number: N N Type number:
B8 930 00 jo m B8 930 01
Colour: orange Colour: orange

Q6 7
Wi W W Q WA Ao

Terminals: Terminals:

1. Nt = supply —6V 1. Nj = supply —6V
2. Wj = inputl 2. W4= input 1

3. W, = input3 3. W3= input 3

4. W5 - input5 4. not connected

5. Q4 = output1l 5. Qj = output 1

6. Q2 = output 2 6. Q2 = output 2

7. W 2= input2 7. not connected

8. W4 = input4 8. W 2= input 2

9. W6 = input6 9. W4= input4

=
°

N2 = supply —6V

=
o

N2 = supply —6V

The two gates of circuit blocks 2.3 N1 and 2.2 N1 are identical.
They can be used separately, or in combination by interconnecting the output terminals Q 4and Q 2.
In this latter case only one negative-supply terminal should be used.

2.3P1 -THREE POSITIVE INPUTS 2.2P1 -TWO POSITIVE INPUTS

W, W} W 0, @ V2 Hi
49 59 69 7C 69

i f (
Iff;
Terminals: Type number: Terminals: Type number:
1. Pj = supply +6V B8 930 02 1. P4 = supply+6Vv B8 930 03
2. Wj = inputl Colour: orange 2. Wj = input 1l Colour: orange
3. W3= input3 3. W3= input 3
4. W5= inputh 4. not connected
5. Q2 = outputl 8. W4 = input4 5. Q4 = output 1 8. W 4= input2
6. Q2 = output?2 9. W,, = inputé 6. Q2 = output 2 9. W,, = input4
7. W 2= input2 10. P2 = supply +6V 7. not connected 10. P2 = supply+ 6V

The two gates of circuit blocks 2.3 P1 and 2.2 P1 are identical.
They can be used separately, or in combination by interconnecting the output terminals Q tand Q 2.
In this latter case only one positive-supply terminal should be used.
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CIRCUIT BLOCKS - 100 series

UNITS WITH A GATE FUNCTION

A /]
Type number: B8 930 04 TWIN PULSE LOGIC-2PL1
Colour: orange

The circuits are normally used in conjunction with flip-flop
circuits. With the twin pulse logic a second pair of a.c.
inputs is formed for a flip-flop type FF1, or in combina-
tion with flip-flops type FF2 a bi-directional shift register
can be made. The twin pulse logic output terminals are
to be connected directly to the flip-flop d.c. input terminals
for this application.

Terminals

1. = gate input 1

2. V2 = resetinput 2

3. Aj = a.c.inputl

4. A2 = a.c.input?2

5. Q, = output2

6. K, = normally not used
7. Kx = normally not used
8. Q1 = outputl

9. Vj = resetinputl

=
o

. G2 = gate input 2

Type number: B8 930 07 TWIN PULSE LOGIC-2PL2
Colour: orange

The circuits are normally used in conjunction with flip-flop
circuits. With the twin pulse logic a second pair of a.c.
inputs is formed for a flip-flop type FF3, or in combina-
tion with flip-flops type FF4 a bi-directional shift register
can be made. The twin pulse logic output terminals are
to be connected directly to the flip-flop d.c. input termi-
nals for this application.

Terminals
1. Gj = gateinputl

2. G2 = gateinput 2

3. Kt = for external gate input
4. K2 = for external gate input
5. Q2= output2

6. Q1= outputl

7. Al = triggerinputl

8. A2 = tripper input 2

9. N = supply —6V

10. not connected
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100 series - CIRCUIT BLOCKS

UNITS WITH AN AMPLIFYING F

2EF1 - TWIN EMITTER FOLLOWER
Nj Qi N @

2EF2 - TWIN EMITTER FOLLOWER

N

B12

UNCTION

Type number: B8 940 01
Colour: yellow

The unit B894001 contains two identical transistor emit-
ter-follower circuits that perform a non-inverting buffer-
amplifier function with a low output impedance.

The unit is equipped with a tapping on the output resistor
for cases in which a level shift towards the positive
supply line is required.

Terminals
1. Q2= output2
2. ¢2 = tapoutput2
3. W2= input?2
4. p2 = supply +6V (2)
5 pj = supply +6V (1)
6. N2 = supply —6V (2)
7. N, = supply —6V (1)
8. w, = inputl
9. Tx = tapoutputl
10. Q = outputl

a

Type number: B8 940 03
Colour: yellow

The unit B894003 contains two identical EF2 emitter-
follower circuits that perform a buffer amplifier function.
The unit has been especially designed to amplify the weak
output signals originating from a diode gate circuit.

The output signal is normally taken from the Q-terminal.
When a flip-flop is to be set or reset by an EF2, normally
the diode output R is used, the memory function of the
flip-flop then being maintained.

Terminals:

1. Q2 = output2

2. M2 = clamp diode 2
3. R, = diode output 2
4. W 2= input2

5. P = supply -f6Vv
6. Wj = inputl

7. N = supply —6V
8. Rx = diode output1
9. Mx = clamp diode 1

=
o

. Qi = outputl



CIRCUIT BLOCKS - 100 series

UNITS WITH AN AMPLIFYING FUNCTION

Type number: B8 940 02 TWIN INVERTER AMPLIFIER-2I1A1
Colour: yellow n, a i~
The unit contains two identical inverter circuits.

The circuits constitute an inverting (NOT) function when

driven by a signal on the input terminal W.

Terminals:

1. Q2 = output?2 6. P, = supply +6V

2. W 2= input2 7. N., = supply —6V

3. E2 = common supply OV 8. Nx = supply —6V

4. Et = common supply 0V 9. W, = inputl

5. Pt = supply +6V 10. Qj = outputl

Type number: B8 940 05 TWIN INVERTER AMPLIFIER - 21A2
Colour: yellow Qi Nj Nj N2 N4 Q@
This unit, which has been specially designed to amplify the

weak output signals originating from a diode gate circuit,

can also be used as a driver for power stages.

Terminals:

1 g2 = output2 6. N3 = supply —6V1

2. Qi = outputl 7. n2= supply —6V1

3. W2= input2 8. Nj = supply —6V1

4. Wj = inputl 9. p = supply +6V

5. n4 = supply —6V1 10. E = common supplyOVv

1 Use dependent on application.

Type number: B8 940 00 EMITTER FOLLOWER/INVERTER AMPLIFIER EF1/IA1
Colour: yellow n, a, N2 (2

The two circuits, an emitter-follower circuit and an invert-
er circuit, can be used independently or in combination.

Terminals:

1. Q2 = output 2 6. N2 = supply —6V

2. E4 = common supply OV 7. Nj = supply —6V

3. W2= input2 8. W4 = inputl

4. P2 = supply +6V 9. Tj = tapped outputl
5. Pj = supply +6V 10. Q, = outputl

Note: EF1 terminals with index 1; 1Al terminals with index 2.



100 series - CIRCUIT BLOCKS

UNITS WITH AN AMPLIFYING F

PA1-POWER AMPLIFIER

Mounting instructions

For mounting on the chassis B871609 (page
B22) use is made of a metal bracket as indi-
cated in the figure. The PAl occupies the
width of three circuit blocks.

B14

UNCTION

Type number: B8 900 00
Colour: yellow

The amplifier is non-inverting, and can be driven directly
by the circuit blocks FF1, FF2, FF3, FF4, 0S2, IA1 and IA2.
The absolute max. output loadability is 600 mA at— 60V.

Terminals
E = common supply OV
P = supply +6V
= supply — 6V
2= supply max. — 60V
= supply max. — 60V
= output
= input

No o, oNe

=so0zz

On astandard printed-wiring board, for use
in the chassis B871610 (page B22), up to
four PAl’s can be mounted, the next
position in the chassis being left empty.

STANDARD P.W. BOARD,
TYPE P8 906 40 FOR 4PAI’S

For use in the mounting chassis
B871610 a standard p.w. board,
type number P890640, is avail-
able. Its outside dimensions are
121.8 mm X 180.3 mm X 1.6
mm (4.8" X 7.1" X 0.0625"). It
can be used directly with the aid
of the mating connector type
F045CC/025.



CIRCUIT BLOCKS - 100 series

UNITS WITH A COUNTER AND SHIFT REGISTER FUNCTION

(1-2-A-2 code - 4xFF1) DECADE COUNTER - DC 1
Type number: B8 850 00

The unit B8 850 00 consists of four flip-flops type B8 920 00 mounted on a printed-wiring board and
connected as a counter, working in the 1-2—4—2 code.

The counter is provided with pulse feed-back to achieve that six of the sixteen possible positions are
skipped. The flip-flops can be reset by means of a common positive signal.

The reset diodes D,, D2, D:, D4 and the feed-back network D5 D6, Rt and C4 are mounted on the
printed-wiring board.

The printed-wiring board type P8 905 59 is provided with plated-through holes, double-sided printed-
wiring and double-sided gold-plated contacts.

The mating connector type F 042 ZZ/03 is normally not supplied with the counter.

Terminals:
1. Q2B = output 2 flip-flop B 12. A = a.c. input
2. Q2C = output 2 flip-flop C 14. pp = supply +6V
4. Q2D = output 2 flip-flop D 15. E = common supply OV
7. QID = output 1flip-flop D 16. V. = reset input
8. QIB = output 1 flip-flop B 17. pj = supply + 6V
10. QIC = output 1 flip-flop C 18. N = supply —6V
Il'n Q2A = output 2 flip-flop A 20. Qg = output1flip-flop A
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100 series - CIRCUIT BLOCKS

UNITS WITH A COUNTER AND SHIFT REGISTER FUNCTION

2DCA2 - TWIN DECADE COUNTER (1-2-4-8 code - 2x4xFF3)

The unit B885001 contains two identical decade counter units, mounted on a printed-wiring board.
Each counter consists of four flip-flops FF3 (type B892002), connected to operate in the 1-2-A-8 code.
With the mating connector type F045CC/025, the printed-wiring board of standard dimensions (121.8
mm x 180.3 mm x 1.6 mm) can be used directly in the standard mounting chassis, type B871610.

Type number:
B8 850 01

22-
23-
21-N

Terminals:

1. v, = reset input counter 1
2. A, = a.c.inputcounterl
3. Q2 = output 2 flip-flop A
4. Q2 = output 2 flip-flop B
5. Q.c = output 2 flip-flop C
6. Q24 = output 2 flip-flop D
7. Qig = output 1 flip-flop
8. Qic = output 1 flip-flop
9. g = output 1 flip-flop
10. Q 1A = output 1 flip-flop
11. qg = output 1 flip-flop
12. q.f = output 1 flip-flop
13- Q 1G = output 1 flip-flop
14. Qinh = output 1 flip-flop
15. Q 2H = output 2 flip-flop
16. Q 26 = output 2 flip-flop
17. Q:F = output 2 flip-flop
18. Q2 = output 2 flip-flop E

MO I ITOTMMmMm>>»®@O O

19. a2 = a.c. input counter 2

20. yv2 = reset input counter 2

21. N = common negative supply — 6V
22. P = common positive supply + 6V
23. E = common supply 0V
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CIRCUIT BLOCKS - 100 series

UNITS WITH A COUNTER AND SHIFT REGISTER FUNCTION

(Sx FF4 + SX2.PL2) REVERSIBLE SHIFT REGISTER OR RING COUNTER - RCAl

Type number: BB 850 02 n —
The unit B885002 consists of five flip-flops FF4 (type B892003) and five twin pulse logics 2PL2 (type
B893007), mounted on a printed-wiring board, interconnected to operate as a bi-directional shift
register. A bi-directional decade counter can be realized by interconnecting the gate terminals G of
the first flip-flop with the output terminals Q of the fifth flip-flop and the gate terminals G of the
fifth twin pulse logic with the output terminals Q of the first flip-flop.

With the mating connector type F045CC/025, not supplied with the reversible counter, this printed-
wiring board of standard dimensions (121.8 mm X 180.3 mm X 1.6 mm) can be used directly in the
standard mounting chassis type B8 71610.

Terminals:
1. Aj = a.c. input forward direction
2. Gx = gate input (G4 flip-flop A
3. G2 = gate input (G2 flip-flop A
4. Q2B = output 2 flip-flop E
5. Qie = output 1 flip-flop E
6. Q2 = output 2 flip-flop D
7. QID = output 1 flip-flop D

a id id id im 8. Q 2C = output 2 flip-flop C1
9. QIC = output 1 flip-flop C

=
o

. Q2B = output 2 flip-flop B
. QIB = output 1 flip-flop B

[y
[

12. Q 2A = output 2 flip-flop A

13. Q 1A = output 1 flip-flop A

14. G3 = gate input(G[)twin pulse logicE'
15. G4 = gate input(G2twin pulse logicE'
16. 17, 18. not connected

19. A2 = a.c. input reverse direction

20. V = reset input

21. N = common negative supply — 6V
22. P = common positive supply +6V
23. E — common supply 0V
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100 series - CIRCUIT BLOCKS

UNITS WITH A FERRITE-CORE MEMORY DRIVE FUNCTION

READ AMPLIFIER

This read or sense amplifier, consisting of two circuit blocks of standard dimensions, types RA2A and
RA2B, is designed to amplify the signals originating from the sense wire of ferrite-core memories.
The input is balanced, so either positive-going or negative-going input signals can be applied. The sen-
sitivity of the RA2A can be adjusted to the signal levels of the memory plane by means of an external
resistor. The output of the RA2B can be used directly to set a flip-flop of the 100 kc/s range on its
input terminal W.

Type number B8 940 07
Colour: yellow

Terminals:

1. Wj = input

2. W,, = input

3. not connected

4. W 3= for external resistor

5. Kj = to be connected to termi-
nal 5 of RA2B

6. not connected

7. not connected

8. N = supply —6V

9. P = supply +6V

10. E = common supply OV

RA2B
Type number B8 940 08
Colour: yellow

Terminals:

1. not connected

2. not connected

O ot connected

A. not connected

5. k2 = to be connected totermi-
nal 5 of RA2A

= output

= input STROBE pulse

supply — 6V

= supply +6V

= common supply 0V

© © N o
movz O
.
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CIRCUIT BLOCKS - 100 series

UNITS WITH A FERRITE-CORE

Type number: B8 940 06 {
Colour: yellow /

The unit is designed to amplify the signals originating from
the sense wire of a small ferrite-core memory plane
equipped with cores type 6B2, FX2423 or equivalent types.
The maximum plane size is 16 X 16 cores.

The circuit consists of a two-stage amplifier; the first stage
is balanced, so that the circuit can deal with either positive-
going or negative-going input signals.

Ambient temperature 0 to +60° C.

Terminals:

1. not connected

2. Q = output

3. Q = output

4. At = input

5. A2 = input

6. Nj = supply —6V
7. N2= supply — 6V
8. internally connected
9. P = supply +6V
10. E = common supply 0V

Type number: B8 950 02
Colour: green

The unit is designed to operate as a “short-interval”
switch for ferrite-core memory operation in combination
with other standard circuit blocks. The switching is con-
trolled by an input level change applied to a pre-amplifier
stage.

Terminals:

1. = switch in
transformer terminal
= transformer terminal
= switch out
common supply 0V
transformer terminal
= transformer terminal
= supply —6V
= d.c. input
= trigger input

© 0Nk WD
>SSz rmwo XD
1

N
°©

MEMORY DRIVE FUNCTION

READ AMPLIFIER - RAl

n2

n, g a

PULSE GENERATOR - PG1

L

M

N

K

0

S
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100 series - CIRCUIT BLOCKS

UNITS WITH A FERRITE-COPRE MEMORY DRIVE FUNCTION

SGI - SELECTION GATE h 'F
3‘O*‘l ® « #
B 0)0j ach)(%Z
w P E Oﬂs\ﬂgb 7
2 M N L

Type number: B8 930 OS
Colour: orange

The first five input AND gates which decode the selection
register information, if followed by a twin two-input AND
gate, can perform the read/write control function. The
unit is normally used for ferrite-core memory operation,
in combination with other standard circuit blocks.

Terminals:

1. W[ = selection input 1

2. W 2= selection input 2

3. Wj = selection input 3

A. W 4= selection input A

5. W 5= selection input 5

6. Lj = read/writecontrol inputl
7. L2 = read/writecontrol input2
8. N = supply —6V

9. Q2 = output 2

10. Qj = output1l

The selection input terminals W are connected to the flip-flop in the Selection Register. Depending
on the size of the memory, this connection may be direct or via adequate amplifier stages.

A*

25S1 - TWIN SELECTION SWITCH

Type number: B8 960 00
Colour: blue

The unit 2SS1 contains two identical circuits designed to
operate as current switches in series with the drive wires
of a ferrite-core memory.

Terminals:

1. Wj = control input 1
2. W 2= control input 2
3. N = supply —6V

A. L2 = current input 2
5. L4 = current input 1
6. R2 = switch 2 in

7. St = switch 1 out

8. not connected

9. S2 = switch 2 out
10. R4 = switch 1 in



If not otherwise indicated the N and P terminals of each unit are connected

(Vn= —6V 5%, Vp = +6V 5% VniVp = =5%).

preceding

N1
N1

N1

M

a)
b)
c)

d)
e)

FF110)
051b)

FF210)
PS1
FF310)
FF* 10>
0s2d)
052*)
HI

P18)

driving
type 1V
FFL Q
FF2 Q
FF3 0
FF4 Q

Pl Q
EF1 o
T

m Q

n29 0
S

0S1

not recommended

v,0

ASY270)
ASY270)

11)
14
1)
1)

29

29

2)

14)
24)

54)

o e o N

17)

FF.
G

8o oo s

21%)
2i%)
210
249
0

0

17)
>
1)
1)

17

FF3
A1/A2

219
10,
310)
310
23)

2

CIRCUIT BLOCKS - 100 series

maximum number of driven units

il
AlA2 "W h

2io.
Jio,
)
3¢)
13)

57)

37

w oo ke

IA2 with only terminals N1 or N2 connected toVN.
0S1 Q1 output only.
ASY27 common emitter stage with 1 k£? collector
resistor.
0S2 Q1 output only.
0S2 Q2 output only.

Note: A driving unit N x preceded by an FF1 or an
0S1, can drive up to 2 units 0S2.
A driving unit N,

NGO & WNE

10.
11.
12.

drive 1 unit 0S1 maximum.

Each via a4.7 k.Q
Each via a 12 k£?

:Hﬁe maximum speed of operation is-
n

+
+

5%
5%

preceded by an FF2, can

17)
Lii_
17)
1)
0

0

Unless specified
serted
fluence upon the loadability. AC

w

o R B«

o

60

52Rown=~> o

iM il

EFl 1Al EF2 1A2
w W w w

2
g 1 2 0
1 1 2 0
1 1 2 0
0 0 I's)

o
o
-

o0 .y
0o 0 1 1y
[ D)

0 0 1 1y
0 0 1 1y

2 2 5 1

1 1 1
1 1 2 1
2 2 5 0
1 1 2 0
1 1 2 1
1 0 1 0
0 2517 0 O

between two

LOADING TABLE

PS1

69)2)
2102,

79)2)
79)2)

82)

82)

+82)

62)
82)
32)
62
32)

0s2
A2

49)
10,

59)
59)
44)3)

44)

14)
24)

54)

FEGECIEIENEN

A
21°,
210)
49
410
13)

PAL

SRR

o

o

o oo oo

-

© N o oo o

to Vn and Vp respectively.

DL
. G
11, 10,
19 e,
3i0. 309
310 310
0o 0
0
2 0
[
3 0
0 o
30
0o o
0o o
0o o
23) 2
4 6
4 6
0o 0
0o o
7
8
97)
3
4
_£1
2
0 37)
11
101
0 0
0 10
3 3
20 0

otherwise a P1 may be in-

units without great in-

inputs of FF1,

FF2, FF3, FF4, 0S1 and OS2 cannot be driven
from it.

2i0.  2io.
19 o
3io. 3
3o, 3y
13 0
1 0
1 0
0 0
2 0
5 0
3 0
0 0
0 0
0 0
23)
33)7)
210
2 10
0 0
0 0

10
57)
2

10
37)
0 2
1 1
t 1
0 0
5 10
3 3
20 0
P1.
2PL1.

The 2PL1 is normally used in conjunction with

FF1 or FF2. In this case the input data are equi-
valent to those of the similar FF2 inputs. The
output terminals are directly connected to the

d.c. input terminals of the FF1 or FF2.

2PL2. Ditto for FF3 and FF4.

resistor in series with aseparating diode O A 200, anode to driven unit.
resistor, bypassed by a 330 pF capacitor.
Only if the chain of units indicated is driven by an FF1, FF2, FF3, FF4, PS1 or by terminal Qlofan OSlor 0OS2.

Only if the N-terminals of the driving unit are floating.

Total number per Q-output.
Up to 100 only with a390 Q +5%

For each stage of IA1 connect 2,7kQ * 5% between Q and N of PA1 up to 25;

N 100& worst case.

. The P-terminal of the P1 gate floating.
. Total number for both Q-outputs together.

s
. Via adiode OA200, cathode to N1, anode to IA2, and bypassed
. Via aseparating diode OA85, cathode to driven unit.

the N
by a 1500 pF capacitor.

r-rj-

resistor between the terminals Q and N.

min.resistancebetween

Q and
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100 series - CIRCUIT BLOCKS

MOUNTING AIDS AND ACCESSORIES FOR THE 100 SERIES

Mounting chassis

Two standardized types of chassis for the mounting of circuit blocks are available, both designed to be
fitted in 19" racks.

The chassis of Fig. 1 can contain up to 24 standard printed-wiring boards (see Figs 3, 4, 5, 6 and 7)
together with their mating connectors type F045CC/025 (for single-sided contacts) and F045DC/025
(for double-sided contacts), and can be mounted directly in a 19" rack.

Type number: B871610
Chassis for circuit blocks mounted
on printed-wiring boards

Type number: B871609
Chassis for circuit blocks mounted
side by side

The chassis of Fig. 2 can contain up to 19 circuit blocks mounted side by side.
A number of these chassis can be mounted in a metal frame. Fitted in a standard 19" rack, six of these
chassis can be mounted side by side.
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CIRCUIT BLOCKS - 100 series

PRINTED-WIRING BOARDS FOR THE 100 SERIES

Three types of printed-wiring boards are available for use in the chassis B8 71610 (Fig. 1) all with the
same outside dimensions as indicated in the Figs 3, 4, 5, and 6. The thickness of these boards is 1.6 mm,
and they are provided with 23 single-sided gold-plated contacts. The lay-out of these boards is in
accordance with the I.E.C. standard grid of 2.54 mm (0.1").
Two larger types of experimenters’ printed-wiring boards are available, both with 38 gold-plated
contacts at the short sides of the board :type P890079 with single-sided,and type P890089withdouble-
sided contacts. Both are provided with the same copper pattern as the board illustrated in Fig. 3.

description

experimenters’ printed-wiring board
(with punched holes)

universal printed-wiring board
(with punched holes)

universal printed-wiring board
(with plated-through holes)

universeel printed-wiring board
(with plated-through holes)

experimenters’ printed-wiring board
(with punched holes)

experimenters’ printed-wiring board
(with double-sided contacts)

0000 0 00000000€0 O 0000
0000000000000000000000
0000000000000000000000
00000000O0OO0OOOOOOOOOOOO

0000000000 000000000000
0000 000000 000000000000
0000 000000 000000000000
0000000000 0000 00000000
0000 000000 0000 000 00000
0000 000000 0000 000 00000
0000 000000 0000 000 00000
0000 000000 0000 000 00000
0000 000000 0000 Q0000000
0000000000 0000 00000000
0000 000000 0000000 00000
0000 0000000000 00000000
0000 000000 &%000 00000
0000000000 00000000
0000 000000 0000 000 00000
Fig. 3

outside dimensions

121.8 mm X 180.3 mm
4.8" X 7.1"

121.8 mm x 180.3 mm
(4.8" X 7.1"

121.8 mm X 180.3 mm
(4.8" x 7.1"

121.8 mm X 180.3 mm
(4.8" X 7.1"

X 1.6 mm
X 0.0625")

X 1.6 mm
X 0.0625")

X 1.6 mm
X 0.0625")

X 1.6 mm
X 0.0625")

200 mm X 396 mm X 1.6 mm

200 mm X 396 mm X 1.6 mm

figure

3

type number

P8 90611 L

P8 091 46.2

P8 906 15

P8 906 33

736.1 D

P8 900 79

P8 900 89
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100series-CIRCUIT BLOCKS

PRINTED-WIRING BOARDS FOR THE 100 SERIES

121.8+0.2

724130d 724130

Fig. 5 Fig. 6 Fig. 7

EXAMPLE OF AN EXPERIMENTER’S PRINTED-WIRING BOARD WITH
COMPONENTS



CIRCUIT BLOCKS - 100 series

STANDARD MASTER DRAWING SHEET

To facilitate the design of printed-wiring boards with a non-standard pattern for use in the chassis
of type B871610, drawing sheets can be supplied on which the soldering pads, the plug-in contacts
and some reference points are pre-printed (scale 2 :1). They are made of special material that is
dimensionally stable. The type number of this drawing sheet is P8 901 56.

Circuit blocks mounted parallel
wiring boards can be secured rigidly by means
of a small tag, type number B8 431 58, which
permits soldering in a standard 1.3 mm hole.

to printed-

LOCKING TAG

STICKERS 100 SERIES

For quick setting-up of master drawings on transparent tracing material as used e.g. for dye-line
printing, a series of self-adhesive stickers with circuit-block symbols, as given in the relevant data
sheets, is available. The stickers are delivered on rolls of 1000 pieces per type. Type numbers can be

taken from the table given below.

circuit
block

FF1
FF2
FF3
FF4
0s1
0s2
PS1

sticker

type number

B1 530 84
B1 530 85
B1 531 17
Bl 531 18
B1 530 97
Bl 531 21
B1 530 96

circuit
block

PD1
2.2N1
2.2P1
2.3N1
2.3P1
2.PL1
2.PL2

sticker
type number

B1 530 87
B1 530 89
Bl 530 86
B1 530 88
B1 530 90
B1 531 19

circuit
block

2EF1
2EF2
21A1
21A2
EF1/1A1
PAl

sticker

type number

B1 530 92
B1 530 94
B1 530 93
B1 530 95
B1 530 91
Bl 531 22
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10series-CIRCUIT BLOCKS

STANDARD UNITS FOR LOW SPEED (frequency 30-70 kc/s)

These highly compact units have been design-
ed for low speed applications; the maximum
clock frequency for triggered logic appli-
cations is 30 kc/s. Operation in a d.c. logic
mode of various units up to a frequency
of 65 kc/s is possible.

This range of circuit blocks is a logical extension to the existing range for medium-speed applications.
It combines the general advantages of the approved circuit block conception with the following
specific features:

high circuit density; combination of different circuits in one unit, e.g. gates and inverters; ease of
application by extremely simple loading rules; increased versatility and improved mutual loadability;
consequently possibilities of designing more compact equipment; high switching level; high built-in
thresholds against electrical interference; wide storage temperature range.

This range of units is designed as part of a complete system, also comprising the new high-frequency
20-series (see page B45).

Dimensions: The units are available in two standard
cases, dimensions of which are given
in the drawing.



Available types

function

gate inverter
and amplifier

memory

gate

pulse shaper

power amplifier

* no colour code

CIRCUIT BLOCKS - 10 series

STANDARD UNITS FOR LOW SPEED (frequency 30 kc/s)

supply voltages....cooeveeieiiiiiiiiiiiiieienens +12V and —12V (£5%)
operating temperature.........ccceeeenen.. —25°C to +55 °C
storage temperature.......ccceeeveeenennnn.. —55°C to +75 °C
NOUSE e metal, rectangular, flat, colour black
terminals........ ..19 in two rows
test specification.......c.ooooiiiiiiiiiiiiinn, according to MIL Std. 202 and IEC68
colour . type
code description type number
yellow  twin gate inverters...........cocooioiiiiiiiiinnn 2.Gl10 2P 737 09
2.Gl11 2P73717
2.Gl12 2P737 10
non-inverting gate amplifier................... GAl1l 2P 748 29
(70mA, 20V)
red bistable multivibrators:
set Flip-flopP ..o FF10 2P737 01
flip-flop with trigger gate .....ccocoeieiennen. FF11 2P 737 02
set flip-flop with trigger gate................... FF12 2P737 03
orange  twin trigger gates  ......ciiiiiiiiiiiiiiiiiianns 2.TG13 2P737 18
2.TGU 2P737 19
quadrupple trigger gate ...c.ooeeiiiiieinene.. 4.TG15 2P74818
green one-shot multivibrator...................l. 0S10 2P 737 05
timer Un it ..o TU10 2P 737 06
pulsSe driV e r e PD10 2P73714
pulse shaper ..o PS10 2P 737 13/10
blue relay driver (100mA, 55V) RD10 2P737 16
* power amplifier (2A, 55V).. PA10 2P737 07
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10series-CIRCUIT BLOCKS

UNITS WITH A NAND AND NOR FUNCTION

2.GI10 - TWIN GATE INVERTER AMPLIFIER

Colour insulating sleeve: yellow

The unit contains asingle input and adouble input positive
diode gate-inverter combination, together with one sepa-
rate diode which can be used to extend the number of
gate inputs G on either of the two circuits at the extension
gate inputs EG.

The collectors Q of the two transistors are not connected
with their corresponding collector resistors R. Therefore
with the two transistors a logical operation can be per-
formed by interconnecting the two collectors Q with one
collector resistor R. The second collector resistor R must
be left disconnected.

2.Gl11 - TWIN GATE INVERTER AMPLIFIER

Colour insulating sleeve: yellow

The unit contains a single input and a triple input positive
diode gate-inverter combination, together with two sepa-
rate diodes which can be used to extend the number of
gate inputs G on either of the two circuits at the extension
gate inputs EG.

The collectors Q of the two transistors are not connected
with their corresponding collector resistor R. Therefore
with the two transistors a logical operation can be per-
formed by interconnecting the two collectors Q with one
collector resistor R. The second collector resistor R must
be left disconnected.

B28

Terminals:

1.

10.
11.

13.
14.
15.

16.
17.
18.
19.

T

10.
11.

13.
14.
15.

16.
17.

19.

o wn

©® N

e
1
2
3.
4
5

©® N

not
not
G
G
R

Q
EG

G

. G

G

co
co

co

co
co

rminals:

nnected

nnected

gate input

gate input
connection collector
resistor

output

extension gate input
nnected

supply — 12V
common supply OV
nnected

nnected

gate input

cathode separate diode
connection collector
resistor

output

extension gate input
anode separate diode
supply +12V

gate input
gate input
gate input

not connected

R

O mz o mao

not

T o0

co

connection collector
resistor

output

extension input
anode separate diode
supply — 12V
common supply OV
gate input

nnected

cathode separate diod<
anode separate diode
connection collector
resistance

output

extension gate input
anode separate diode
supply +12V



Terminals:

1. G = gate input

2. G = gate input

3. G = gate input

4. G = gate input

5. R = connection collector re-

sistor

6. Q = output

7. EG = extension gate input
8. D anode separate diode
9. N = supply —12V

10. E = common supply 0V
11. G = gate input

12. G = gate input

13. C = cathode separate diode
14. C cathode separate diode
15. R = connection collector re-

sistor

16. Q output

17. EG = extension gate input
18. D = anode separate diode
19. P = supply +12 V
Terminals:

1. W = input amplifier

2. EG = extention gate input
3. G, = gate input 1

4. Ga = gate input 2

5. R = collector resistor

6. Q = output

7. not connected

8. not connected

9. N = supply —12V

10. E = common supply 0V
11. GRj = gate resistor 1

12. GR2= gate resistor 2

13. GRa= gate resistor 3

14. not connected

15. not connected

16. not connected

17. not connected

18. not connected

19. P = supply +12V

CIRCUIT BLOCKS - 10 series

UNITS WITH A NAND AND NOR FUNCTION

TWIN GATE INVERTER AMPLIFIER - 2.GI12

Colour insulating sleeve: yellow

The unit contains a double input and a quadruple input
positive diode gate-inverter combination, together with
two separate diodes which can be used to extend the num-
ber of gate inputs G on either of the two circuits at the
extension gate inputs EG.

The collectors Q of the two transistors are not connected
with their corresponding collector resistors R. Therefore
with the two transistors a logical operation can be per-
formed by interconnecting the two collectors Q with one
collector resistor R. The second collector resistor R must
be left disconnected.

NON-INVERTING GATE AMPLIFIER-GA11

Type number: 2 P 748 29
Colour insulating sleeve: yellow

The unit contains agate circuit and a two-stage non-invert-
ing amplifier. The gain is appreciable and the output of
70mA, 20V is sufficient to drive a relay. Three gate resis-
tors are provided for a one- and a two-level gate input,
allowing AND operation in a one-stage, AND-AND or
AND-OR operation in a two-stage logic.
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10series-CIRCUIT BLOCKS

UNITS WITH A

FF10- FLIP-FLOP

B30

MEMORY FUNCTION

Type number: 2P 737 01
Colour insulating sleeve: red

The unit comprises a set/reset bistable multivibrator circuit. The number of
set/reset inputs S can be extended with the aid of external diodes at the exten-
sion inputs ES.

The circuit constitutes a memory function, driven by means of a d.c. level at
the set/reset inputs S. In conjunction with the twin triggergates 2TG13, 2TG14
or the quadruple trigger gate 4TG15 an a.c. -driven (triggered) flip-flop can be
formed, normally used in binary counters and shift registers.

In these applications the output terminals Q of the trigger gates are connect-
ed to the input terminals W of the flip-flop.

Terminals:

not connected

ES = extension set/reset input
not connected

W = extension trigger gate
not connected

Q = output

not connected

S = set/reset input

N supply —12v

E = common supply OV

not connected

ES = extension set/reset input
. not connected

. W = extension trigger gate
not connected

. Q = output

17. not connected

18. S = set/reset input

19. P = supply +12V

[
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CIRCUIT BLOCKS - 10 series

UNITS WITH A MEMORY FUNCTION

Type number: 2P 737 02
Colour insulating sleeve: red

The unit contains a set/reset bistable multivibrator circuit with built-in trigger
gates. The number of gate inputs G and trigger inputs T can be extended with
the aid of external diodes at the extension inputs EG or ET.

The circuit performs a memory function when driven by means of a d.c. level
at the extension set/reset input ES or a negative-going trigger signal at the
trigger inputs T. In the case of trigger drive, the switching of the flip-flop can be
controlled by a d.c. level applied to the built-in gate inputs G (e.g. in shift
registers), whilst the trigger inputs T are interconnected. It can also be used as a
divider, when the gate inputs G are connected to the corresponding outputs Q.
With the aid of trigger gates 2TG13, 2TG14 or the quadruple trigger gate 4TG15,
extra triggering facilities can be made by connecting their outputs Q to the
trigger gate inputs W of the flip-flop (e.g. in bi-directional shift registers and
counters).

Terminals:

1. EG = extenstion gate input

2. ES = extension set/reset input
3. ET = extension trigger input
4. W = extension trigger gate

5. G = gate input

6. Q = output

7. T = trigger input

8. not connected

9. N = supply -12V

10. E = common supply OV

11. EG = extension gate input

12. ES = extension set/reset input
13. ET = extension trigger input

14. W = extension trigger gate
15. G = gate input

16. Q = output

17. T = trigger input

18. not connected
19. P = supply +12V

FLIP-FLOP - FF11

B31



10series-CIRCUIT BLOCKS

UNITS WITH A

FF12- FLIP-FLOP

B32

MEMORY FUNCTION

Type number: 2P 737 03
Colour insulating sleeve: red

The unit comprises a set/reset bistable multivibrator circuit with built-in trigger
gates. The number of set/reset inputs S, gate inputs G and trigger inputs T can
be extended with the aid of external diodes at the extension inputs ES, EG or ET.
The circuit constitutes a memory function when driven by means of a d.c. level
at the set/reset inputs S or a negative-going trigger signal at the trigger inputs T.
In the case of trigger drive, the switching of the flip-flop can be controlled by a
d.c. level applied to the built-in gate inputs G (e.g. in shift registers), whilst the
trigger inputs T are interconnected. It can also be used as a binary divider, when
the gate inputs G are connected to the corresponding outputs Q.

With the aid of trigger gates 2TG13, 2TG14 or the quadruple trigger gate 4TG15,
extra triggering facilities can be made by connecting their outputs Q to the
corresponding trigger gate inputs W of the flip-flop (e.g. in bi-directional shift
registers and counters).

Terminals

1. EG = extension gate input

2. ES = extension set/reset input
3. ET = extension trigger input
A. W = extension trigger gate

5. G gate input

6. Q = output

7. T = trigger input

8. S = set/reset input

9. N = supply —12V

10. E = common supply 0V

11. EG = extension gate input

12. ES = extension set/reset input
13. ET = extension trigger input
u. w extension trigger gate
15. G gate input

16. 9 = output

17. T = trigger input

18. S = set/reset input

19. P = supply +12V



CIRCUIT BLOCKS - 10 series

UNITS WITH A PULSE GATING FUNCTION

TWIN TRIGGER GATE - 2TG13

Type number: 2P 737 18
Colour insulating sleeve: orange

The unit comprises two identical trigger gate circuits, which are normally used
in conjunction with flip-flop units FF10, FF11, or FF12.

With the twin trigger gate a second pair of trigger inputs is formed for the
flip-flops FF11 or FF12,to make one stage of a bi-directional counter or shift
register. In these applications the output terminals G of the 2TG13 are to be
connected directly to the input terminals W of the flip-flop. The trigger gates
are controlled by a d.c. voltage level, applied to the input terminals G.

The number of gate inputs G or trigger inputs T can be extended with the aid
of external diodes at the extension inputs EG or ET.

Terminals:
1. EG = extension gate input

2. not connected

3. ET = extension trigger input
4. Q = output

5. G = gate input

6. not connected

7. T = trigger input

8. not connected

9. N = supply —12V

10. E = common supply 0V
11. EG = extension gate input
12. not connected

13. ET = extension trigger input

14. Q = output

15. G = gate input
16. not connected

17. T = trigger input
18. not connected

19. P = supply +12V
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toseries-CIRCUIT BLOCKS

UNITS WITH A PULSE GATING FUNCTION

2TG14 - TWIN TRIGGER GATE

B34

Type number: 2P 737 19
Colour insulating sleeve: orange

The unit ¢

connected

omprises two identical trigger gate circuits, which are normally used
in conjunction with flip-flop units FF10, FF11, or FF12.

With the twin trigger gate a second pair of trigger inputs is formed for the
flip-flops FF11 or FF12, to make one stage of a bi-directional counter or shift
register. In these applications the output terminals Q of the 2TG14 are to be
directly to the input terminals W of the flip-flop.

The trigger gates are controlled by a d.c. voltage level applied to the input

terminals G.

Two separate built-in diodes can be used to extend the number of gate inputs G

at the extension inputs EG

Terminals:
1. EG =

not co
N =

© XN C WD
-0 6o

H
ERsETBRESL
o000 Mo mm
— (9]
L 1 1 e O 1 | 11

. not co
P =

=
(e}

extension gate input
anode separate diode
extension trigger input
output

gate input

cathode separate diode
trigger input

nnected

supply — 12V

common supply 0V
extension gate input
anode separate diode
extension trigger input
output

gate input

cathode separate diode
trigger input

nnected

supply +12V



CIRCUIT BLOCKS - 10 series

UNITS WITH A PULSE GATING FUNCTION

QUADRUPLE TRIGGER GATE - 4TG15

Type number: 2P 748 18
Colour insulating sleeve: orange

The unit comprises four separate identical trigger gate circuits, which are nor-
mally used in conjunction with flip-flop units FF10, FF11, or FF12.

By connecting the output terminals Q of the 4TG15 directly to the appropriate in-
put terminals W of aflip-flop FF10, one stage of a bi-directional counter or bi-direc-
tional shift register is formed. When, however, the output terminals Q of one
4TG15 are connected to the appropriate input terminals W of two units FF11
or FF12, two stages of a bi-directional counter or bi-directional shift registerare
formed. The trigger gates are controlled by a d.c. voltage level, applied to the
input terminals G.

The number of gate inputs G can be extended with the aid of external diodes at
the extension inputs EG.

Terminals:

1. EG, = extension gate input
2. EG., = extension gate input
3. T, = trigger input

A o, = output

5. Qz = output

6. G, = gate input

7. G.,, = gate input

8. T3 = trigger input

9. N - supply —12v

10. E = common supply 0V
11. eg 3= extension gate input
12. eg4 = extension gate input
13. t2 = trigger input

U. Qb = output

15. g4 = output

16. g3 = gate input

17. g4 = gate input

18. t4 = trigger input

19. p = supply +12V
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10series-CIRCUIT BLOCKS

UNITS WITH A PULSE GENERATING AND PULSE SHAPING FUNCTION

0810 - ONE-SHOT MULTIVIBRATOR

Type number: 2P 737 05
Colour insulating sleeve: green

The unit OS 10 contains a monostable multivibrator circuit with a built-in trig-
ger gate.

The trigger gate can be controlled by a d.c. voltage level applied via a diode to
terminal EG. The number of trigger inputs T can be extended with the aid of
external diodes at the extension input ET.

When anegative-going voltage step is applied to terminal T, the circuit generates
a pulse at the output terminals Q, provided the gate is open. The duration of the
output pulse can be increased by an external capacitor to be connected between
the terminals EC, and EC2. Output pulse duration 4 /«sec to 30 msec.

Terminals: 10. E = common supply 0V
1. EG = extension gate input 11. EC2 = for external capacitor
2. not connected 12. not connected

3. ET = extension trigger input 13. not connected

4. not connected 14. not connected

5. not connected 15. not connected

6. Q, = outputl 16. Q2 = output 2

7. T = trigger input 17. EC, = for external capacitor
8. not connected 18. not connected

9. N = supply —12Vv 19. P = supply +12V



CIRCUIT BLOCKS - 10 series

UNITS WITH A PULSE GENERATING AND PULSE SHAPING FUNCTION

TIMER UNIT - TU10

Type number: 2P 737 06
Colour insulating sleeve: green

The unit TU10 contains a timing circuit followed by a Schmitt trigger circuit
and an inverting amplifier. It also comprises a built-in trigger gate. The trigger
gate can be controlled by ad.c. voltage level applied via a diode to terminal EG.
The number of trigger inputs T can be extended with the aid of external diodes
at the extension input ET.

When a negative-going voltage step is applied to terminal T, the circuit gener-
ates a positive-going pulse at the output terminal Q, provided the gate is open.
The duration of the output pulse is determined by the value of the external
capacitor to be connected between the terminals EC,and EC2and of the external
resistor between the terminals ER and P. Output pulse duration max. 60 sec.

Terminals: 11. EC, = for external capacitor
(— terminal)

1. EG = extension gate input 12. not connected

2. not connected 13. not connected

3. ET = extension trigger input 14. not connected

4. not connected 15. ER = for external resistor

5. not connected 16. Q = output

6. not connected 17. EC2 = for external capacitor

7. T = trigger input (+ terminal)

8. not connected 18. P = supply + 12V (internally

9. N = supply —12Vv connected to terminall9)

10. E = common supply OV 19. P = supply +12V
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10series-CIRCUIT BLOCKS

UNITS WITH A PULSE GENERATING AND PULSE SHAPING FUNCTION

PD10 - PULSE DRIVER

B38

The unit PD10 contains a monostable multivibrator circuit with a built-in
trigger gate.

The trigger gate can be controlled by a d.c. voltage level applied via a diode to
terminal EG. The number of trigger inputs T can be extended with aid of ex-
ternal diodes at the extension input ET.

When a negative-going voltage step is applied to terminal T, the circuit generates
a pulse at the output terminal Q, provided the gate is open.

The duration of the output pulse can be increased (max. 5 msec.) by an external
capacitor to be connected between the terminals EC, and EC2.

The unit is well suited as clock or reset source by virtue of its considerable
output power.

Terminals: 10. E = common supply OV

1. EG = extension gate input 11. EC, = for external capacitor
2. not connected 12. not connected

3. ET = extension trigger input 13. not connected

4. not connected 14. not connected

5. not connected 15. not connected

6. Q = output 16. not connected

7. T = trigger input 17. EC2= for external capacitor
8. not connected 18. not connected

9. N = supply —12V 19. P = supply+12Vv



CIRCUIT BLOCKS - 10 series

UNITS WITH A PULSE GENERATING AND PULSE SHAPING FUNCTION

PULSE SHAPER - PS10
P

Type number: 2P 737 13/10
Colour insulating sleeve: green

The unit PS10 contains a Schmitt trigger (squaring) circuit followed by an in-
verting amplifier.

An input signal of a magnitude exceeding the tripping level of the unit is re-
shaped and inverted into the standard d.c. level at the output. The output vol-
tage transients are short and suitable for driving the multivibrator circuits at
their trigger inputs T.

The input terminals A and Bare provided in order to be able to use the PS10
for the following purposes:

1. as a pulse shaper, driven by an external source;

2. as a relaxation oscillator circuit;

3. as a pulse shaper, driven by circuit blocks of the 10-series.

Terminals:

1. A = resistor input (interconnected to terminal 17)

2. B = direct base input

3. not connected

4. E = common supply OV (interconnected to terminal 10)
5. not connected

6. Q = output

7. not connected

8. not connected

9. N = supply — 12V

10. E = common supply OV (interconnected to terminal 4)
11. internally connected

12. not connected

13. not connected

14. internally connected

15. not connected

16. not connected

17. A = resistor input (interconnected to terminal 1)

18. P = supply +12V

19. P = supply +12V
Terminals 18 and 19 interconnected
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10series-CIRCUIT BLOCKS

UNITS WITH AN OUTPUT FUNCTION

RD10 - RELAY DRIVER

Terminals:

EG = extension gate input
not connected

not connected

not connected

G = gate input

not connected

not connected

not connected

N = supply — 12V

E = common supply OV
not connected

not connected

not connected

not connected

not connected

. Q = output

=

C®ND P WP

PP e
N P o

Type number: 2 P 737 16
Colour insulating sleeve: blue

e
A W

The unit comprises a single input positive diode gate
followed by a non-inverting amplifier, intended for driving
relays. The number of gate inputs G can be extended by

I
o o

means of external diodes to be connected to the exten- 17. not connected

sion gate input EG. The absolute max. output loadability 18. not connected

is 2A, -55V. 19. P = supply +12V

PA10 - POWER AMPLIFIER Terminals:
1. G = gate input
2. EG = extension gate input
3. = supply —12v
4. P = supply +12V
5. Ej = common supply 0V
6. K = cathode of diode D 4
7. E2 = common supply 0V
8. N2 = supply abs. max. 55V
9. N2 = supply abs. max. 55V
10. Q = output

Type number: 2P 737 07

The PA10 consists of a transistor amplifier circuit, designed to be used as a power amplifier with max.
loadability of 2 A, — 55.5V. The amplifier can be driven directly by the circuit blocks FF10, FF11, FF12,
2Gl10, 2GI11, 2GI12, OS10, PD10, PS10, GA1l and TU10.
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CIRCUIT BLOCKS - 10 series

UNITS WITH AN OUTPUT FUNCTION

Printed-wiring board for PA10
Type number: 2P 175 10

For use in the mounting chassis B8 716 11, a glass-epoxy
standard printed wiring board, 2P17510 is available. Its
outside dimensions are 121.8 mm X 180.3 mm X 1.6 mm
(4.8" X 7.1" X 0.0625") and it can be used directly with
the aid of the mating connector, with double-sided con-
tacts type F 045 DC/025.

On this standard printed-wiring board up to four PA10’s
can be mounted, the next position in the chassis being left
empty.

POWER AMPLIFIER - PA1O

Mechanical construction



10series-CIRCUIT BLOCKS

INPUT AND OUTPUT DATA

Input data
. direct transient
unit terminal note
current charge
FF10, FF11, FF12 ... | C 1.1 mA 1.2 nC
2. TG13, 2.TG14, 4TG 15 ...ceiinennenn. I'T gate open 1.1 mA 3.4 nC
FF10, FF11, FF12  iiiiiiiiiinnes S 1.95 mA 2.8 nC
2.GI110, 2.GI11, 2.GI12 i G 1.1 mA 2.1 nC
GALL s G 1.1 mA 1.2 nC
[ 2 O S 1G 1.1 mA 1.2 nC
1T gate open 1.1 mA 2.3 nC
TU10, PD10 e ceeeees 1G 1.1 mA 1.2 nC
iT gate open 1.1 mA 3.2 nC
RDI0 e e G 4.7 mA 3.4 nC
PALO e G 5.3 mA 5.2 nC
Output data
) direct transient
unit terminal
current charge
FF10, FF11, FF 1 2 o eeeeees Q.. Q= 8.2 mA 27 nC
2.GI110, 2.GI11, 2.GI12 . i Q 8.2 mA 9 nC
G A L L e Q 62 mA 75 nC
O S L0 it fQ . 8.6 mA 24 nC
>q 2 12.8 mA 29 nC
Q 32 mA 27 nC
Q 100 mA 185 nC
Q 10 mA 39 nC
Q 200 mA
Q 2 A

Loading rules

1. Verify that the sum of the required d.c. input currents of the driven units does not exceed the
available d.c. output current of the driving unit.

2. When, however, T-inputs are incorporated in the driven units, the transient charges must also be
verified.

3. Only driven units of which all inputs are high, do load the driving stage during the negative-going
transient.

4. The wiring capacitance consumes an extra charge of 0.007 nC/pF.

. T-inputs of closed gates do not require any current or charge.

6. The verifications mentioned above hold for operations at the worst combination of supply voltage
tolerance (12V 5% ) and ambient temperature, between 0 and +55 °C. For temperatures below
0 °C, derating data are given in the data sheet.
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CIRCUIT BLOCKS - 10 series

MOUNTING AIDS AND ACCESSORIES FOR THE 10 SERIES

Mounting chassis type number B8 716 11

This standardised type of chassis for assembling circuit blocks mounted on printed-wiring boards is
designed to be fitted in 19 inch racks.

The chassis shown in Fig 1 can contain up to 21 standard printed-wiring boards with outside dimensions
of 121.8 mm X 180.3 mm X 1.6 mm(4.8" X 7.1" X 0.0625"). Together with the printed-wiring
boards and their mating connectors type F 045 CC/025 (for single-sided contacts) or F045 DC/025
(for double-sided contacts) it can be mounted directly in a 19 inch rack.

Experimenters’ printed-wiring board

For mounting in the chassis B8 716 11 an experimenters’ printed-wiring board is available, provisional
type number PRR 23-3-556. It is a board with plated-through holes, to be used with the mating
connector F 045 DC/025. The outside dimensions are 121.8 X 200.6 X 1.6 mm, (4.8" X 7.9" X 0.0625")
and they are provided with 2 X 23 gold-plated contacts. The lay-out is in accordance with the I.E.C.
standard grid of 2.54 mm (0.1").

The print pattern on both sides of the board, shown in Figs 2 and 3, is chosen in such a way that it is
applicable for horizontal as well as vertical mounting of the circuit blocks on the board.

The boards are provided with two marks to indicate the place at which they should be cut off, to obtain
the standard length of 180.3 mm (7.1").
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CIRCUIT BLOCKS -10 series

MOUNTING AIDS AND ACCESSORIES FOR THE 10 series
Standard master drawing
sheet

To facilitate the design of
printed-wiring boards with a
non-standard pattern for use
in the chassis type B8 716 11,
drawing sheets can be sup-
plied on which the soldering
pads, the plug-in contacts
and some reference points
are preprinted (scale 2:1).
They are made of material
that is dimensionally stable.
The type number of this
drawing sheet is P8 901 56.

Locking caps

For better securing circuit blocks mounted parallel to a printed-
wiring board (horizontal mounting), window-shaped locking caps
(Fig 4), type number 4322 026 32151, are available. They fit the top
of a circuit block.

The locking caps are provided with two holes and recesses to
lodge two soldering tags, with which the caps can be secured to
the board.

The soldering tags, type number 4322 026 32141, have to be or-
dered separately.

Stickers
For quick setting-up of mas-

ter drawings on transparent

tracing material, as used e.g.

for dyeline printing, a series

of self-adhesive stickers pro-

vided with circuit block sym-

bols, as given in the indivi-

dual data sheets, is available.

The stickers are delivered on rolls of 1000 pieces per type. The type numbers can be found in the table
below.

circuit sticker circuit sticker circuit sticker
block type number block type number block type number
FF10 4322 026 07611 2.Gl12 4322 026 07661 PD10 4322 026 07721
FF11 07621 2.TG13 30561 GA10 07731
FF12 07631 2.TG14 30571 TU10 07741
2.GI10 07641 PS10 07701 PA10 07751

2.GIl11 07651 0Ss10 07711 RD10 07771



CIRCUIT BLOCKS - 20 series

STANDARD UNITS FOR HIGH-SPEED APPLICATIONS (frequency 11 Mc/s)

This new series of circuit blocks, the 20-series, forms part of the same system as the 10-series and
is based upon the same technology.

This series is intended for high-speed applications: The maximum clock-frequency for triggered logic
applications is up to 4 Mc/s. Operation in a d.c. logic mode is possible up to a frequency of approx.
2.5 Mc/s.

In these highly compact units use is made of double-diffused silicon planar epitaxial transistors. The
blocks have a hermetically sealed metal can; the terminals are brought out via glass compression seals.

supply voltages....c.ooeevieiiiieiiianen. +12V +5%; +6V £10%;— 12V £5%
operating temperature................ — 25 °C/+85 °C

storage temperature.........ceeeuvenee — 55 °C/+85 °C

NOUSE et metal, rectangular, flat, colour black

19 in two rows (glass)
MIL Std. 202 and IEC 68

Available types:

) colour d inti o type

function code escription typ number
gate inverter yellow twin gate inverter.......ooooiiiiiiiia.n. 2.GI20 2P737 23
twin gate inverter.......coooioiiiiiiiinan, 2.GI21 2P737 36

twin gate inverter with high
loadability.....cccoviiiiiiiiiiiiiene, 2.G122 2P737 29

memory red bistable multivibrators:

set/reset flip-flop........cooiiiiiiiits FF20 2P 737 35
triggered and gated flip-flop FF23 2P737 22
gate orange twin trigger gate..........o.ooiiiiiin, 2.TG23 2P737 25
pulse shaper green one-shot multivibrator...................... 0S20 2P 737 26
pulse shaper....ooooiiiiiiiiiiiiiens PS20 2P 737 27
twin line receiver...........oo 2.LR22 2P748 09
amplifier yellow twin linedriver ..o, 2.LD21 2P 748 08

The units FF22 and PD20 are under development.



20series-CIRCUIT BLOCKS

UNITS WITH A GATE INVERTER FUNCTION

2.GI20 - TWIN GATE INVERTER

Type number: 2P 737 23
Colour insulating sleeve: yellow

The unit contains a single input and a double input diode gate-inverter combi-
nation. The separate diode can be used to increase the numbers of gate inputs
of either of the two circuits at the extension gate inputs EG.

Together with the inputs G they form an AND function on the positive level.
The desired output Q is to be connected to its collector resistor R. A logic func-
tion can be obtained by connecting several outputs Q to one common resistor R.

Terminals

1. G, = gate input

2. G3 = gate input

3. not connected

4. not connected

5. EG, = extension gate input

6. Q, = output

7. R, = connection collector
sistor

8. not connected

9. N = supply —12Vv

10. O = common supply OV

11. g2 = gate input

12. K = cathode separate diod

13. not connected

U. D = anode separate diode

15. EG, = extension gate input

16. Q2 = output

17. Ra = connection collector
sistor

18. P, = supply + 6V

19. P, = supply + 12V
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CIRCUIT BLOCKS - 20 series

UNITS WITH A GATE INVERTER FUNCTION

2.G121 - TWIN GATE INVERTER

Colour insulating sleeve: yellow

The unit contains asingle input and a double input diode gate-inverter combina-
tion.The separate diodes can be used to increase the number of gate inputs of
either of the two circuits at the extension gate inputs EG. Together with the
inputs G they form an AND function on the positive level. The desired output Q
is to be connected to its collector resistor R. A logic function can be obtained
by connecting several outputs Q to one common resistor R.

Terminals:

1. G, = gate input

2. G3 = gate input

3. G5 = gate input

4. Dt = anode separate diode

5. EGj = extension gate input

6. Q, = output

7. Rt = connection collector re-
sistor

8. not connected

9. N = supply —12V

10. O = common supply 0V

11. g2 = gate input
12. K2 = cathode separate diode

13. Kx = cathode separate diode

14. D2 = anode separate diode

15. EG, = extension gate input

16. Q2 = output

17. R2 = connection collector re-
sistor

19. P2 = supply +6V
19. Px = supply +12V
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20 series - CIRCUIT BLOCKS

UNITS WITH A GATE

2.GI22 -TWIN GATE

INVERTER FUNCTION

INVERTER

Type number: 2P 737 29

Colour

The un
can be

of insulating sleeve: yellow

it contains two gate inverters with a high loadability. The separate diode
used to increase the number of gate inputs of either of the two circuits

at the extension gate inputs EG.

Togeth

er with the inputs G they form an AND function on the positive level.
The desired output Q is to be connected to its collector resistor R. A logic
n can be obtained by connecting several outputs Q to one common

functio

resistor R.

Terminals:

1 G, gate input

2. g3 = gate input

3. not connected

i. not connected

5. EG, = extension gate input

6. Qi = output

7. Ri = connection collector re-
sistor

8. not connected

9. N = supply —12V

10. O = common supply 0V

11. g2 = gate input

12. K = cathode separate diode

13. not connected

U. anode separate diode

15. eg2= extension gate input

16. g2 output

17. y2 = connection collector re-
sistor

18. p2 = supply +6V

19. pj = supply + 12V
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CIRCUIT BLOCKS - 20 series

UNITS WITH A MEMORY FUNCTION

FLIP-FLOP - FF20
PP

Type number: 2P 737 35
Colour of insulating sleeve: red

The unit contains a latch flip-flop for d.c. logic operations. Upon application of
the 0V level to one of the set inputs S, the corresponding output Q resumes the
positive level and the other output the 0V level.

The positive level applied to a set input has no effect.

A logic function is obtained by connecting external diodes to an extension set
input ES; the diodes form an OR function on the 0V level.

Terminals:

1. not connected

2. ESi = extension set/reset input
3. not connected

4. internally connected

5. §j = set/reset input

6. = output

7. not connected

8. Sj = set/reset input

9. N = supply —12v

10. O = common supply OV

11. not connected

12. ES2= extension set/reset input
13. not connected

14. internally connected

15. S2 = set/reset input

16. Q2 = output

17. not connected

18. P2 = supply +6V

19. = supply +12V
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20 series - CIRCUIT BLOCKS

UNITS WITH A MEMORY FUNCTION

FF23 - FLIP-FLOP

B50

Type number: 2P 737 22
Colour of insulating sleeve: red

The unit contains ageneral-purpose triggered flip-flop. Trigger pulses are applied
to trigger inputs T.

The built-in trigger gates are opened by a positive level applied to the gate
inputs G and are closed by a OV level. A binary counter is made by connecting
G, to Q2,and G2to Q,.

A shift register is made by connecting G, and G2 of one circuit block to the ter-
minals Q, and Q., respectively of the preceding flip-flop.

Applied as binary counter or as shift register the trigger inputs T, andT2 have
to be connected.

A twin trigger gate 2.TG23 may be connected to the base inputs B to obtain more
triggering facilities (e.g. for bi-directional shift registers and counters).

A logic function is obtained by connecting external diodes to an extension set
input ES and/or extension gate input EG.

Multiple clock lines may be applied via diodes connected to the extension trigger
input ET.

Terminals:

1. EG, = extension gate input 11. eg2= extension gate input

2. ES, = extension set/reset input 12. es2 = extension set/reset input
3. ET, = extension trigger input 13. et2 = extension trigger input
U. B, = extension trigger gate U. b2 = extension trigger gate
5. G, = gate input 15. G, = gate input

6. Q, = output 16. o+ = output

7. T, = trigger input 17. T2 = trigger input

8. S, = set/reset input 18. p2 = supply +6V

9. N = supply —12Vv 19. p, = supply +12V

10. O = common supply OV



CIRCUIT BLOCKS - 20 series

UNITS WITH A PULSE GATING FUNCTION

TWIN TRIGGER GATE - 2.TG23

Type number: 2P 737 25
Colour of insulating sleeve: orange

The circuit is identical to the trigger gate in the general-purpose triggered flip-
flop FF23.

When the outputs Bx and B2 of the trigger gate 2.TG23 are connected to the
inputs B! and B2 of the flip-flop FF23 respectively, the inputs G and T of the
2.TG23 operate in the same way as the corresponding inputs of the FF23.Thus
with this trigger gate a second pair of trigger inputs are formed for the flip-flop
FF23, to make one stage of a bi-directional counter or shift register.

Terminals:

1. EGt = extension gate input
2. not connected

3. ETj = extension trigger input
4. Bj = extension trigger gate
5. Gt = gate input

6. not connected

7. Tj = trigger input

8. not connected

9. notconnected

10. O = common supply 0V
11. EG2 = extension gate input
12. notconnected

13. ET2= extension trigger input
14. B2 = extension trigger gate
15. G2 = gate input

16. notconnected

17. T2 = trigger input

18. not conected

19. Pj = supply +12V
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20 series - CIRCUIT BLOCKS

UNITS WITH A PULSE SHAPING FUNCTION

0S20 -ONE-SHOT MULTIVIBRATOR

Type number: 2P 737 26

Colour insulating sleeve: green.

This unit contains a triggered monostable (one-shot) multivibrator. Trigger
pulses are applied to trigger input T. A limited number of diodes connected to
extension trigger input ET can provide further trigger inputs.
The built-in trigger gate is opened by a positive level applied to the gate input
EG and is closed by a0V level. A diode is required to separate each gate source

from input EG.

The duration of the output pulse can be decreased by a resistor connected either
between terminals R and P, (3) or R and EC,. In order to increase the duration
a capacitor can be connected between EC, and EC2.

A twin trigger gate 2.TG23 connected to input B can provide more trigger facili-

ties.

Terminals:

1. EC, = external capacitor 1
2. R = external resistor

3. pj = external resistor

A. not connected

5. not connected

6. Q, = output 1

7. EC, = external capacitor 2
8. not connected

9. N = supply —12V

10. O = common supply OV
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11.
12.
13.
u.
15.
16.
17.
18.
19.

EG
not
ET
B
no
q2
7
P2
P.

—-

= extension gate input
connected

= extension trigger input
= extension trigger gate
connected

— output 2

= trigger input

= supply +6V

= supply +12V



CIRCUIT BLOCKS - 20 series

UNITS WITH A PULSE SHAPING FUNCTION

PULSE SHAPER PS20

Type number: 2P 737 27
Colour insulating sleeve: green

The unit PS20 contains a Schmitt trigger (squaring) circuit followed by an inver-
ting amplifier.

A voltage in excess of the ON-threshold voltage at input terminal B gives a 0V
level at output terminal Q; a voltage below the OFF-threshold voltage at ter-
minal B gives a positive level at output Q. The output voltage transients are
suitable for driving multivibrator circuits at the trigger inputs T.

The pulse shaper can be driven by external sources as well as by circuit blocks
of the 20-series.

Terminals:

1. B = direct base input

2. not connected

3. = internally connected
4. A = resistor input

5. D = common supply OV (interconnected with terminal 10)
6. X 2= internally connected
7. not connected

8. not connected

9. N = supply -12V

10. O - common supply OV
11. not connected

12. not connected

13. C = internally connected
14. not connected

15. not connected

16. Q = output

17. not connected

18. P2 = supply +6V

19. P" = supply +12V
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20 series - CIRCUIT BLOCKS

UNITS WITH A PULSE SHAPING FUNCTION

2RL22 -TWIN LEVEL RESTORER

B54

This unit is intended to convert 3V signal levels on lines to standard signal levels
used in the “20 series” of circuit blocks. It is normally used in conjunction with
the twin line driver 2LD21. The input impedance is high. The unit is suited for
multiple receiving.

Terminals:

No o wN e

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

=

not connected

O = common supply OV

not connected

not connected

not connected

= output

Rt = connection collector
sistor

not connected

N = supply —12V

O = common supply 0V

W, = input

W 2= input

not connected

not connected

not connected

Q., = output

R2 = connection collector
sistor

P2 = supply +6V

not connected

~+

=



CIRCUIT BLOCKS - 20 series

UNITS WITH AN AMPLIFYING FUNCTION

TWIN LINE DRIVER -2LD21

Type number: 2P 748 08
Colour insulating sleeve: yellow

This unit is intended to apply a signal level of 3V to a line or other termination
of 75(1. The line terminals, in such case, are Q and O.

The line driver is generally fed from a line receiver 2.LR22,

To match a cable to the circuit an appropriate resistor is to be connected be-
tween E and the signal leg of the pair, while leaving Q floating.

A gate inverter (2.GI120, 2.GI21, or 2.GI22) can feed into the control input C,
so performing a logic function. The collector resistance (terminal R) is not con-
nected for this application.

Terminals:

1. Gi = gate input

2. EG, = extension gate i
3. not connected

4. not connected

5. Q, = output 75Q

6. ClI = logic gate input
7. Ex = output

8. not connected

9. N = supply —12V
10. O = common supply
11. G, = gate input

12. EG, = extension gate input
13. not connected

H. not connected

15. q. = output 75Q

6. C2 = logic gate input
17. E, = output

18. p2 = supply +6V

19. pj = supply +12V

The units FF22 and PD20 are under development.
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20 series - CIRCUIT BLOCKS

INPUT AND OUTPUT DATA

Input data
. . direct current transient charge
unit terminal note
(mA) (pC)
FF20 S 2 160
FF22 T
S
FF23.TG23 G 2 100
T gate open 2 290
FF23 S 5 360
Gl20, G121 G 2 150
GI22 G 2 150
0520 G 2 100
T gate open 2 240
PD20 G 2
T gate open 2
LD21 G 2 150
Output data
. . direct current transient charge
unit terminal note
(mA) (PQ
FF20 Q 17 645
FF23 Q 14 1400
G120, GI21 Q 15 540
Gl22 Q 32 3600
0S20 Q. 14 1500
q?2 15 1500
LR22 Q 15 560
PS20 Q 20 600
PD20 Q

Loading Rules

1.

I

Verify that the sum of the required d.c. input currents of the driven units does not exceed the
available d.c. output current of the driving unit.

. When, however, T-inputs are incorporated in the driven units, the transient charges must also be

verified.

. The wiring capacitance consumes an extra charge of 3.5 pC/pF.
. T-inputs of closed gates do not require any current or charge.
. The verifications mentioned above warrant reliable operation at the worst combination of supply

voltage tolerances and ambient temperatures between 0 and +85 ©°C. For operation at lower
temperatures, the data for each type are given in the individual data sheets.
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Norbitsl are standardised static
switching elements of special design
and with the following features:
high reliability, long life, easy moun-
ting, dust-proof, etc. They can be
used in industrial control systems,
such as lift control, traffic control,
machine control, process control,

recording control, transfer line
control, alarm and annunciator
systems.

NORBITS FOR INDUSTRIAL CONTROL

(MAX. FREQUENCY Ikc/s)

It is possible to perform a large number of control functions with a small number of types.

The basic element, the NOR-unit, is capable of performing the logical function AND/OR and NOT,
whilst sequential logic circuits such as flip-flops can be built up from two or more of these NOR-
units. The series Norbits further includes ancillary elements for adaptation to industrial equipment.

temperature range .....cooeceeeeueeeneennns — 10 °C up to +50 °C

frequency......
supply voltages

Dimensional drawing of the
basic Norbit case

1 Electronic elements replacing conventional electromechanical devices.

0 to 1 kc/s

+ 24Vae and — 24Vac (tolerance +£5 % )

Colour code of flexible leads

yellow ....

..................... S = input
..................... \% = output
..................... R = + 24V
..................... Bl = -24vV
..................... Bk = earth

= miscellaneous
= miscellaneous
= miscellaneous

miscellaneous
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NORBITS

SINGLE NOR-UNIT TYPE YL6000

Colour: red

The unit is capable of performing the basic logic functions
AND, OR and NOT. The input signals can be derived
either from a previous unit or from a suitable transducer.
The unit can drive 6 other NOR-units.

EMITTER FOLLOWER UNIT YL6001 TPUB" TPTCr-24V
Colour: yellow

The unit comprises a transistor current amplifier in com-
mon-collector connection for use as driver for medium
power unit YL6008; it can also drive 17 standard Norbits.

DOUBLE HIGH-POWER OUTPUT UNIT YL6004

Colour: not coded

The unit consists of two high-

power amplifiers which may

be used separately. The input

of each amplifier must be

driven by an YL6009. Load

resistance is 4.3 Q min.

Available output current

max. 6 A. Overall dimensions: 255 mm x 70 mm x 40 mm
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NORBITS

TRIPLE BINARY COUNTER UNIT YL600S/01

Colour: violet

Unit YL6005/01 consists of 3 single binary
counters YL6005/05 (bistable multivibrator;
see diagram)

TB A: counter A terminals
TB B: counter B terminals
TB C: counter C terminals
TB D: supply for all 3 coun-
ters

T.B.A T.B.B T.B.C T.B.D

Overall dimensions:
255 mm x 70mm X 62 mm 72A3902
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NORBITS

SINGLE BINARY COUNTER UNIT YL6005/05

Top view of 3 plastic cases
Colour: violet

unit units
MA32157 MA32155/56

TP'S™- J°

AN

7243804~

violet moulded . . .
Dimensions: 3 units, each 64 mm x 42 mmx12 mm
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NORBITS

MOUNTING CHASSIS YL6007

The aluminium chassis can be used for moun-
ting 12 units, it is equipped with 2 terminal
blocks each having 5 contacts.

MEDIUM-POWER OUTPUT UNIT YL6008

Colour: orange
The unit must be driven by an emitter-follower YL6001 and has been designed to drive relays;
load resistance 16.Q min. Available output current max. 1.5 A.
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NORBITS FOR INDUSTRIAL CONTROL

LOW-POWER AMPLIFIER UNIT YL6009

Colour: white
This unit has been designed as low-power amplifier to drive lamps or relays (load resistance
300fi min.). Available output current max. 125 mA.

Colour: not coded

The unit consits of a photo-transistor used in a tempera-
ture-compensated circuit. The light enters the unit via
a lens with an adjustable diaphragm. The unit operates

satisfactorily with lamphead YL6011 at distances up to
2.40 m. 7773914

Dimensions :
112 mm X 44.2 mm X 34.6 mm

LAMP HEAD YL 6031

Colour: not coded
The unit has the same type of housing as YL6030 and contains a 6V lamp which can be used for various
distances.
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Colour: black

The wunit is complementary to the standard
NOR-unit YL6000 and comprises two NOR-
circuits. One circuit has three, the other two
inputs. Either circuit can drive 6 NOR-units.

Colour: brown

The unit consists of a RC delay circuit, coupled
to a Schmitt trigger, and can provide delays in
3 ranges from 0.02 to 60 s, which can be real-
ised by different interconnections outside the
unit.

Connections:

Slate
Slate+yellow . . . .
Violet ....cccoiiiiiinns

White+green
White + orange+green

NORBITS

DOUBLE NOR-UNIT YL6018

-24V outputs

TIMER UNIT YL601S
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NORBITS

LOADING TABLE

The inputs and outputs of the different units may be interconnected directly. The power required
to drive one of the six inputs of a NOR-unit YL6000 is defined asone “DRIVE UNIT” (abbreviated

to D.U.).

The amount of power which can be delivered by the YL6000 is 6 DRIVE UNITS. The following

loading table is based on the above-defined “DRIVE UNIT” which is additive.

NOR-UNIT YL600O ..covieininiiiiiiiiananes
Emitterfollower unit YL6001 ................

Double high-power unitYL6004............

Counter units YL6005/01 and YL6005/05

Medium-power output unit YL6008
Low-power output unit YL6009 ............

Photo-electric detector head YL6030 .

Double Nor-unit YL6018.....cccevunineinannnn

Timer unit YL6015 ...

Example:

One NOR-unit YL60OO is just able to supply the power (6 D.U.) for one Emitter Follower Unit YL6001.
The YL6001, in turn, is capable of driving up to 17 NOR-units YL6000 or one medium-Power Output

Unit YL6008 plus 3 NOR-units YL6000 etc.
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input power
required

1D.U.
6 D.U.

output of YL6009

4 D.U.

14D.U.
3D.U.

from light source
YL6011

1D.U./circuit

input 1: 6 D.U.
input 2: 6 D.U.

output power
available

6D.U.

17 D.U.

24V, 6A
each output may drive:
1YL6005 + 1YL6001
or YL6005 + 2YL6009
or 1YL 6001
or 2YL6000/YL6018

24V, 1.5A

24V, 125 mA

6 D.U.

6 D.U./circuit

6 D.U.



The vane-switched oscillator unit
consists of an oscillator and a diode
rectifier. The latter is connected to
a separate coupling winding of the
oscillator coil, thus providing an
isolated d.c. output.

The lay-out of the oscillator is such
that upon inserting a suitable piece
of metal (vane) in a gap between the
oscillator coil windings, the oscilla-
tion stops and the d.c. output of the
unit will drop to zero. The complete
circuit is encapsulated in epoxy
resin. The VSO can be applied as a
static switching device, the switch-
ing action being determined by the
position of the vane. For the vane
any metal can be used.

The unit may be mounted in any
position; two mounting holes allow
the use of 4 mm bolts. Stacking of
units is permitted. Connection can
be made by 0.110 Faston tabs or by
soldering.

supply voltage......ccoiiiiiiiiiiiiiiiiieans

consumed CUrrent......cooveeviiiiinineiieanenns

VANE-SWITCHED OSCILLATOR

23

2.
1= —supply
2 = -fsupply
3= +output
4 - —output

...................... 12vdC+10% or:

+6VdC+10% and —6VdC +10%
(with common 0V)

...................... 12 mA £10%

(in both oscillating and non-oscillating condition)

OUtPUL VOItage oeneeiiii i

output impedance (without vane)..

maximum detection frequency..
operating temperature  ..........

storage temperature ...

...................... 5.75V £15%

isolated, open circuit, suited for driving
PS1, PS10, PS20, YL6000 and YL6018.
41 WQ+10%
..1 ke/s
..— 25/+85 °C

....................... — 40/%85 °C
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ANGULAR DISPLACEMENT TRANSDUCER PE2270

The transducer converts the angular
displacement of a shaft into electric
signals. The robust casing of the
transducer is so mounted that its
expanding bellows presses against
the shaft whose displacement is to
be ascertained. Any rotation of the
shaft is thus accompanied by a
corresponding rotation of a slotted
disk. The standard disk is provided
with 250 radial slots. When this
disk is turned, the partitions be-
tween the slots intercept the light
directed by a self-focusing lamp
onto a photo-transistor. Due to the
presence of a mask with four slots,
U x 250 output signals are produced
per complete revolution of the
shaft. These signals can be fed to a
pulse shaper PS1 which may, for
example, control a digital posi-
tioning system.1

. self-focusing lamp
slots

. slotted disk
mask

. photo-transistor
. bellows

machine shaft

© N O s W N P

. machine.



COUNTING UNITS FOR PROGRAMMED CONTROL

93

Dimensions and arrangement
of the connectors on a chassis
with four units.

o~

In the booklet *“Counting
units for programmed con-
trol” examples are given
of the application of counting
units in automatic number
machines, time control equip-
ment, and automatic distri-
bution installations.
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COUNTING UNITS FOR PROGRAMMED CONTROL

The series 88930 comprises
a total of eight main units and
three sub-units. The latter,
the functions of which are
also included in those of the
main units, can be built in
separately, if required.

frequency range.......cooeeeuenns 0-2 kec/s

maximum ambient temperature + 45 °C

counting pulse ..ooooieiiiannen. V = 135 + 5V; duration = 25+ 10 /s
reset pulse ....cooiiiiiiiiiinn. V = 280V;durationapproximately 100/is
output signal of relay tubes . . approx. 100V at 100 kQ

output power of relay amplifier. 0.8 VA at 600 Q

description type number
input/output unit............. 88930730
preset counter ................ 88930/33
two-programme unit . . . . 88930736
four-programme unit . . . . 88930/37
output unit.....ooooooiiiiani. 88930739
electronic reset unit . . . . 88930/54
relay unit......c.ooooioiii 88930/60
power supply unit............. 88930/64
sub-units (without housing) type number
pulse-shaper unit................ 88930/48-1
programme initiator unit . . 88930/51

relay amplifier unit............. 88930/57



MAGNETIC MEMORY CORES

GENERAL

All data-handling systems employ
some sort of device for the storage
of information. Such a “memory”
can accept, store and supply the in-
formation at any required moment.
For this purpose a magnetic core
memory is very often used.
The storage capacity of a magnetic
core is the result of its property to
assume either of two stable mag-
netic states One magnetic state is
maintained, until it is made to
change into the other.
The main features which can be dis-
tinguished are as follows:
(1) read/write cycle time of only a
few microseconds;
(2) random access;
(3) the information can be stored for an indefinite period;
(4) storage of large quantities of information in a small volume.
The properties of the cores described below are such that the cores are specially suited for use in
coincident current memories.
We draw your attention to the low-temperature-coefficient (LTC) cores, the electrical properties of
which are substantially constant over a wide temperature range.

DEFINITIONS OF TERMS AND SYMBOLS

Im = peak value of the drive current. Drive current pulses
The peak value of the drive current is the maximum
amplitude of the pulse, disregarding overshoot and
ripple.

tw = full write pulse.

The full write pulse will switch the core - when
in the ZERO state - into the ONE state.

Ipw = partial write pulse

Ir = Full read pulse.

The full read pulse will switch the core - when in
the ONE state - into the ZERO state

Ipr = partial read pulse
The partial read pulse will not switch the core -
when in the ONE state - into the ZERO state

D.R. = disturb ratio,
the ratio of the partial drive current to the full
drive current (Ilpw/lw; Ipr/ir).
tr = rise time.
Time interval between 0.1 Im and 0.9 Im points of
the leading edge of the current pulse.
td = pulse duration.

Time interval between 0.9 Im points of the current
pulse.
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MAGNETIC MEMORY CORES

DEFINITIONS OF TERMS AND SYMBOLS
Responses.

uVi= peak value of the undisturbed ONE re-
sponse voltage.
The uVj is obtained at a full read pulse
(Ir) when this pulse is preceded by a full
write pulse (lw).

rVj = peak value of the disturbed ONE reponse
voltage.
The rV! response is obtained at a full
read pulse (Ir) preceded by a full write
pulse followed by 32 partial read pulses

(lpn).

wVz = peak value of the disturbed ZERO re-
sponse voltage.
The wVz is obtained at a full read pulse
(Ir) preceded by a full read pulse (Ir) fol-
lowed by 32 partial write pulses (Ipw).

UR = uV,— rVvt.
The difference between the peak values
of the uVx and rv”~ responses of the in-
dividual cores. This value is a measure
for the rectangularity of the hysteresis
loop.

Vref = the reference voltage that is usually, de-
fined as 10% of the quaranteed rV! value
of each individual core.

tp = peaking time.
tP is the core peaking time as measured
from the time at which the leading edge
of the rV, response reached the reference
value (Vref).

ts' = switching time
ts is the time interval between 0.1 Im
point of the leading edge of the current
pulse and the time at which the trailing
edge of the rV, response reached the
reference value (V. ).
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MAGNETIC MEMORY CORES

TESTS

Test conditions

Tests are carried out on each individual core threaded with asingle drive wire and asense wire loaded
with 100 Q (see figure above).

The cores are tested according to the test pattern given above. They are tested at an ambient temper-
ature of 40 °C, except the low-temperature-coefficient (L.T.C.) cores, which are measured at the
minimum and maximum permissible temperatures.

To provide for a 10% tolerance on the drive current, the tests are carried out with full write- and
read-pulses of 0.9 Im and with partial write- and read-pulses of 0.55 Im, corresponding to a disturb
ratio of 0.61.

Measured values

All cores must meet the requirements of minimum rVxand maximum permissible wVz. The values of
rVj and wVz are read after 32 partial read pulses and 32 partial write pulses respectively.

The uVtvalue is measured after one write pulse followed by one read pulse. Each core is, moreover,
tested on its peaking time, switching time and UR value. In addition to the individual cores beingtested,
the distribution curves of the different parameters within a lot are checked.

B71



MAGNETIC MEMORY CORES

SURVEY

Core type coooveeieiiiieiieeeans

material  ......

type number....oooiiiiiiiiii

0. D. — outer diameter.. . (mm)
1. D. — inner diameter........... . (mm)
H — height...cooi . (mm)

Measuring Conditions............

Im = drive current................ . (mA)
D.R. — disturb ratio................

t( — pulse duration.............

tr = pulse rise time linear . . . 0%)

Vre( = reference voltage . . . . - (MV)
T = ambient temperature . . - (°C)

RESPONSES . iiuiiiuieenieeaeaaaannnnnn

rV[ = disturbed ONE output 1 (mV)
wVj = disturbed ZERO output . = (mV)
tp = peaking time................ 1 (/1)

ts — switching time............ . (/)
STATUS e
Core type .ooeeieiiiiiiiiieens

material ...

type number. ...,

0.D. = outer diameter. (mm)
I.D. = inner diameter (mm)
H — height.......c.coll (mm)
Measuring Conditions

Inl — drive current................ . (mA)
D.R. — disturb ratio..

t@ = pulse duration............ . (/15)

tr = pulse rise time linear . . - (Rs)

Vret = reference voltage . . . . = (mV)
T = ambient temperature . . . co

Responses......ocoooiiiiiiiiiiiann,

rVj = disturbed ONE output 1 (mV)
wVz = disturbed ZERO output . . (mVv)
tp = peaking time.... .. - (/15)

ts = switching time ............. . (/15)

STATUS o

1Valid from 2.6 up till 4.4 /<. 2At 2.3 /xs.
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150 mil
6E1
56 591 40
3.8
2.2
1.5
nominal test
conditions conditions
345 310
0.5 0.61
12 25
0.8 0.8
8 5
40 40
typical guaranteed
115 451
30 < 62
3.5 -
8 ~ 10.5

Maintenance

80 mil
6B2
4322 020 32501
1.95
1.30
0.58
nominal test
conditions conditions
450 405
0.5 0.61
25 NG
0.3 0.3
9 7.2
40 40
typical guaranteed
104 S$>72
18 <24
0.8 0.75-1.0
1.8 < 21

Maintenance

50 mil

6C1
4322 020 32541
127
0.76
0.30

nominal test
conditions conditions
500 450
0.50 0.61
1.50 Ao
0.20 0.20
4 3.6
40 40

typical guaranteed
60 N 36
8 <12
0.50 0.41 - 0.57
0.90 0.80 - 1.05

Preferred

6C2
4322 020 32551
1.27
0.75
0.40

nominal test
conditions conditions
755 680
0.50 0.61
1.50 N 25
0.25 0.25
5. 4.5
0-65 0-65

typical guaranteed
65 °C N 33
7 <11
0.50 0.44-0.61
0.95 <1.15

Preferred



COre LY P € coveieieiiiiieeeeceaene
material
type number....ooooiiiiiiii,

0.D. — outer diameter................ (mm)
I.D. — inner diameter................ (mm)
H — height (mm)
Measuring Conditions.............

Im — drive current.......c..oooenlt . (mA)
D.R. — disturb ratio......c.cccevuennen

td — pulse duration................ 1 (/<)
tr = pulse rise time linear . 0«)
Vref — reference voltage............. e (mV)
T = ambient temperature . . . . co
RESPONSES . cueiiniiinieiieaeeeeeenaans

uVj = undisturbed ONE output = (mV)
rvt = disturbed ONE output e (mV)
wVz = disturbed ZERO output e (mV)
U.R. = UV IV, e (mV)
tp — peaking time.................. . (/<)
t,

Status

Core type ..

material ...

type number.......oo

0.D. — outer diameter................ (mm)
I.D. — innerdiameter................ (mm)
H — height

Measuring Conditions.............

Im — drive current................... . (mA)
D R. — disturb ratio...................

td — pulse duration................ e (/«)
tr = pulse rise time linear - G')
Vret = reference voltage............. . (mV)
t = ambient temperature - (°C)
RESPONSES . iiiiieieieiiieieecaaaenes

rVj = disturbed ONE output = (mV)
wVz = disturbed ZERO output e (mV)
U.R. = /tV-rVaiiiiis 1 (mV)
tp — peaking time ................ . (/t5)
ts — switching time ................ . (/<)
STATUS oot

MAGNETIC MEMORY CORES

SURVEY
50 mil 30 mil
6D5 6F2
4322 020 32511 4322 020 32571
1.27 0.80
0.80 0.50
0.38 0.165
nominal test nominal test
conditions conditions conditions conditions
365 330 655 590
0.50 0.61 0.50 0.61
1.5 5%4 0.50 1.5
0.20 0.20 0.10 0.10
6 4.5 5 3.5
40 40 40 40
typical guaranteed typical guaranteed
54 ~
60 >42 50 >35
10 <14 8 < 9
4 <4.5
0.60 0.55 -0.70 0.20 0.19 -0.25
1.30 <1.60 0.40 0.35 - 0.45
Preferred Preferred
30 mil 20 mil
6F3 6H1
4322 020 32581 4322 020 32611
0.82 0.55
0.50 0.35
0.16 0.10
nominal test nominal test
conditions conditions conditions conditions
740 665 835 750
0.50 0.61 0.50 0.61
0.6 1.5 0.25 0.45
0.15 0.15 0.05 0.05
5.0 3.5
10-70 10-70 40 40
typical guaranteed typical guaranteed
50 (10 °C) >25 55 >30
10 <11 6 <10
0.1rv, < 0.1 rvj 0.080 -
0.25 0.26 - 0.32 “
0.50 < 0.60 0.17 <0.20
Preferred Preferred
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MATRIX PLANES AND STACKS

GENERAL

The matrix planes and stacks mentioned in this booklet are specially designed for coincident current
operation. They consist of a number of magnetic cores arranged in rows and columns through which
four copper wires are threaded according to the MIT system, namely:

2 drive wires (“X” wire, “Y” wire)

1 inhibit wire (“Z” wire)

1 sense wire (“S” wire)

Magnification of part of a coincident cur-
rent matrix plane exposing the 4 wires
passing through each core

The matrix planes contain one, two or four matrices, for example 4 X 16 X 16. Each matrix of the
multiplex planes has a separate sense and inhibit wire. Each type of plane is available in two versions:
a left-hand and a right-hand version. These two planes have a mirror-symmetrical tag lay-out.
Matrix planes with 80 mil, 50 mil, 30 mil and 20 mil cores are available in standard executions. On
request matrices with 150 mil cores and matrices differing from the standard types can be supplied.
A stack is composed of left-hand and right-hand planes, stacked alternately. In this way the tags of the
adjacent planes are just above each other, which facilitates an easy interconnection of the drive wires.
The stacks are delivered with the drive wires interconnected. Plates are added at the top and bottom
of the stack for protecting the upper and lower planes. The total assembly is secured by bolts which
pass through the corner holes of the planes.

Testing method

All cores in each plane are tested to make sure that the cores satisfy the specification. Planes are tested
at 23 °C with marginal drive currents (disturb ratio 0.62-0.63).
Each core is tested with the pulse patterns given on next page.

The “1” output of each core is measured with all cores in the “1” (best pattern).

The cores are tested to guarantee a minimum permissible “1” output at maximum and minimum
values of “ts” and “tp”.

Furthermore the cores are tested for disturb sensitivity by increasing the disturb ratio from 0.5 to
0.63 or higher values. This is done to measure the output with and without p.w.d. pulse. If the differ-
ence of these values exceeds a given limit, the cores are rejected. It is also checked whether the sense
wire passes through all cores.
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MATRIX PLANES AND STACKS

GENERAL

The “0” output of each core is measured with all cores in the “0” state (best pattern). The cores
are tested to guarantee maximum permissible “0” output. At the same time it ensures that the inhibit
wires pass through all cores and that the noise cancelation of the sense wire is adequate.

Sample tests are carried out with all the cores set in checkerboard pattern (worst pattern), for the
peak value of the “0” output (peak delta noise) and the “0” output at peaking time of the “1” output.
Besides the electromagnetical testing, the planes are tested on insulation resistance and on the d.c.
resistances of the X-, Y-, Z- and S-wire. After assembly the stacks are functionally tested.

ALL"ones"

1 Jpw

I TPr

IDW = IDr= 0-4-51rr
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MATRIX PLANES AND STACKS

WITH 80 MIL CORES

Ferroxcube memory cores type 682 are threaded in two types of standardised frame, type A for max-
imum 32 X 32 cores and type B for maximum 64 x 64 cores. Both frames are made of special
synthetic resin. The frames are provided with grooves to hold the wires that run to the soldering tags.
The matrix planes are wired with copper enamelled wire SWG 36. (0.2 mm diameter).

The types of the standard range are listed below.

Standard range of planes

number of cores wiring frame type number
Y z S 6B2 core
32 x 32 1 1 1 1 A B1 66913
32 x 32 1 1 1 1 A Bl 66914
64 x 64 1 1 1 1 B B1 669 26
64 x 64 1 1 1 1 B B1 669 27
x 16 x 16 1 1 4 4 A Bl 669 28
x 16 x 16 1 1 4 4 A B1 669 29
x 10 x 10 1 1 4 4 A B1 66916
x 10 x 10 1 1 4 4 A B1 66917
16 x 16 2 2 1 1 A B1 669 24
16 x 16 2 2 1 1 A B1 669 25
32 x 32 2 2 1 1 B Bl 669 21
32 x 32 2 2 1 1 B Bl 669 22
Dimensions
diameter
pitch of mounting mounting  stacking
frame outer dimensions holes holes height
(mm) (mm) (mm) (mm)
A 112 X 112 80 X 80 4.3 7
B 202 X 202 170 X 170 5.3 8.5

Please indicate in your order whether the planes must be delivered
separately or in stacks.

Stacks with 80 mil matrix planes are delivered with two protective covers of methacrylate.
The drive wires of the various matrix planes are connected in series.
The soldering tags are easily accessible for soldering.
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MATRIX PLANES, STACKS AND BOXES

The frames in which the matrices are mounted
consist of 8 Standard Resin Bonded Fibre
strips (S.R.B.F.) in A pairs. Between each pair
of strips, gold-plated bronze tags for termina-
ting the wires are inserted. The strips have
grooves spaced at 50 mil (1.27 mm) in which
the wires run to the soldering tags. On these
tags the wires are wrapped and dip-soldered.
The matrices are wired with enamelled copper
wire S.W.G AO (0.12 mm diameter). The cores
are arranged according to the “closed” pattern
configuration (see figures below). The sense
wire consists of four parts: these are series-
connected by interconnecting the correspon-
ding soldering tags.

The inhibit wires run parallel to the “X ” wires

WITH SO MIL CORES

Matrix planes

in the left-hand planes, and parallel to the “Y” wires in the right-hand ones. The planes containing
one matrix are provided with extra parallel connections so that the inhibit-wire terminals are located

above each other when the planes are stacked.

As can be seen from the figures a left-hand plane can easily be transformed into a right-hand one by
turning it over 90°; only two interconnections of the sense wire must be changed.

The principal corner marked by ayellow dot indicates the crossing of the “X 0” and “YO0” drive wires.
For those cases where special requirements are imposed on the electrical and mechanical properties,

lacquered matrices are available.

X-wires

Left-hand matrix plane

X-wires

Right-hand matrix plane



MATRSX PLANES, STACKS AND BOXES

WITH 50 MIL CORES

Matrix stacks The stacks are built-up of left-hand and right-
hand planes, stacked alternately. The tags of
two adjacent planes are so near to each other
that they can be dip-soldered. In this way all
“X” and all “Y” drive wires of the stacked
planes are series-connected. The “X ” and “Y”
drive lines thus obtained end on rigid terminals
which are inserted in the termination planes
at the top and bottom of the stack. On demand
the stack can be provided with connection
leads for the X-, Y-, Z- and S-wires.

For stacks built-up from matrix planes con-
taining two or four matrices, the termination
plane at the top of the stack can be replaced by
an interconnection plane. Interconnection
wires in the latter connect one half of the “X ”
drive lines to the other half of the “X ” drive
lines; similar wires connect one half of the
“Y” drive lines to the other half. The beginnings
and ends of all drive lines are thus accessible on tags in the bottom frame only.

Example: A stack with 5 matrix planes, 4 x 1 6 x 1 6 cores, provided with an interconnection plane

functions as a stack of 20 planes with 16 X 16 cores. The above-mentioned solution is attractive to

obtain with the same number of bits a smaller stack height at a lower cost.

To identify the soldering tags of the stack, the bottom protection plate is marked A, B, C, D, the top

plate with E, F, G, H. The principal corner is indicated by ayellow dot (see photo).

This corner is determined by the crossing of the X 0 and YO addresses. For testing the stack with the

most unfavourable ”1” and “0” outputs, the cores must be set in the worst-case pattern. It should be

recognised that the worst-case patterns for the left-hand and right-hand planes in the stack are not
identical.

Worst-case pattern left-hand planes Worst-case pattern right-hand planes
11 o0 0 1 1 o0 O 1 0 0 1 1 0 o0 1
0O O 1 1 0 0 1 1 1 o 0 1 1 0o 0 1
0O O 1 1 0 o0 1 1 0O 1 1 0 O 1 1 O
11 o o0 1 1 0 O o 1 1 0 0 1 1 o
11 0 o0 1 1 0 o0 1 0 O 1 1 0 0 1
0O O 1 1 0 0 1 1 1 o0 0 1 1 O 0 1
0O o0 1 1 0 0 1 1 0O 1 1 0 O 1 1 oO
11 o O0 1 1 0 O 0 1 1 o0 0 1 1 o
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MATRIX PLANES, STACKS AND BOXES

WITH 50 MIL CORES

Boxes

Stacks mounted in boxes have the advantage of being protected against damage
and dust. These boxes contain two identical aluminium end plates with apertures
for the connection of the “X ” and “Y” wires. The connections for the “S” and
“Z” wires are on the side panels. All connections of the boxes are provided with
taper-tab receptacles (AMP serial no. 78).

Two types of box are available: for matrix planes with up to 32 X 32 cores and
for those with a maximum of 64 X 64 cores. The outer dimensions of these
boxes are 145 X 145 mm and 180 X 180 mm respectively.

Up to 100 matrix planes can be housed in one box.

B79



MATRIX PLANES, STACKS AND BOXES

WITH 50 MIL CORES

A number of current types has been standardised (see table below).

Each type can be supplied in three different executions, depending on the type of core requested.

The matrix planes are defined by the number of cores, the wiring and the type of core. In the table
below the different standard types with the more important dimensions are indicated.

32 4.9
Matrix plane with 50 mil cores
Standard range

outer pitch of
plane wiring dimensions mounting holes

indi- number of cores planes in mm in mm
cation length width length  width

X Y z S A 8 c D

02 1 1 1 1 32 x 32 80 80 59.5 59.5
03 1 1 1 1 64 x 64 120 120 110.2 100.2
06 1 1 4 4 4x16x16 85 85 64.5 64.5
07 1 1 4 4 4x 32 x 32 125 125 105.2 105.2
08 1 1 4 4 4 X 64 X 64 208 208 186.7 186.7
0? 1 1 2 2 2x 16 x 32 80 85 59.5 64.5
10 1 1 2 2 2 x 32 x 64 120 125 100.2 105.2
13 2 2 1 1 16 x 16 80 80 59.5 59.5
14 2 2 1 1 32 x 32 120 120 100.2 100.2
17 2 2 1 1 4 x 8x8 85 85 64.5 64.5
18 2 2 1 1 4 x 16 x 16 125 125 105.2 105.2
20 2 2 1 1 2x 8x16 80 85 59.5 64.5
2 2 2 1 1 2x 16 x 32 120 125 100.2 105.2

Planes indicated in bold print are preferred types.
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MATRIX PLANES, STACKS AND BOXES

Composition of the type numbers

MatriXx planes ..cocooovceveeeeeeeeeeeeeaeeens B8 620
plane indication = ----------
see p. 80
C = 6Cl core M --—-------
D = 6D5 core
L = 6C2 core
S A CK S et e B8 749
Stack iN D O X covvrieeeiiiieeeeeee e B8 751
plane indication = " -------me- 1
see p. 80
C = 6Cl core -4-———————mv
6D5 core
L = 6C2 core
Examples

The type number of a left-hand matrix
plane, lacquered, with 32 x 32 cores of
ferroxcube 6Cl1 and wiring 1-1-1-1, is
B8 62002/C24

The type number of a unlacquered stack
containing 8 planes with 32 x 32 cores of
ferroxcube 6C2 with interconnection plane
is B8 749 02/308.

The type number of the same stack in box
is B8 751 02/308.

Stack height is determined by

(n+ 2)4.9+ 10 mm, where n is the num-
ber of planes.

Box height is determined by

(n+ 2)4.9+ 50 mm.

WITH 50 MIL CORES

22 = left-hand plane

23 = right-hand plane

24 = left-hand plane, lacquered
25 = right-hand plane, lacquered

number of planes

2 = unlacquered

3 = unlacquered with inter-
connection plane

4 = lacquered

5 = lacquered with intercon-
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MATRIX PLANES AND STACKS

WITH 30 MIL CORES

The mechanical design is similar to that of the matrix planes and stacks with 50 mil cores.

The frames are made of glass-epoxy of 4.9 mm thickness, the pitch of the grooves is 1.0 mm instead of
1.27 mm. The diameter for the “X 7, “Y” and “S” wires is 0.08 mm; the inhibit wire has a diameter of
0.1 mm. The matrices are provided with 6F2 cores and the L.T.C. cores 6F3.

All the matrices of the 30 mil standard range are lacquered, to reduce the magnetostriction of
the cores caused by the steep leading edge of the inhibit pulse.

Unlacquered planes will be delivered on request only.

Each type of matrix plane has one execution (in contrast to the matrices with 50 mil cores). To obtain
avery low noise level special attention is paid to the sense wiring. This has resulted in a new type of
sense wire, which differs from the normal MIT sense wire. Consequently the worst-case pattern differs
from that of the 50 mil type. Moreover, the “open” core configuration is applied instead of the “clo-
sed” core configuration used for the 50 mil matrices (see p. B77 and the figure below).

To reduce the crosstalk between the inhibit
and sense wire, their connections are kept far
apart, differing in this respect from the 50 mil
planes.

In a stack, built up from standard planes, the
adjacent planes are at 90° with respect to each
other. In stacks built-up from four-fold planes
the matrices are at 180° with respect to each
other. In both cases the inhibit wires run pa-
rallel to the “X ” wires in the one plane and
to the “Y” wires in the adjacent plane.

For the stacks built up with four-fold planes,
the termination plane at the top can be replaced
by an interconnection plane. On request the
stack can be delivered with connection leads.
For testing the stack with the most unfavour-
able “1” and “0” outputs, the cores must be set
in the worst-case pattern indicated below.

Worst-case pattern

»r O O P B O O
O B B O O PR R, O
R O O P R O O p
©O b P O O P L O
O B B O O P P, O
»r O O P R O O B

1
0
0
1
1
0
0
1

O B p O O P P O

B82



Standard

plane
indi-
cation

02
03
06
07
08
09
10
24
25

MATRIX PLANES AND STACKS

range

wiring

number of cores

32
64
16
32
14
16
32

128 x
2 <64 x

PR R R R R R R
PR R R R R R PR
[ NI I N N N N
NANNR DA PR R

SR NN NN

X X X X X

X X X X X X X

Planes indicated in bold print are preferred types.

Composition of the type numbers

Matrix planes . . . B8 629 . 1

Stacks . . . - B8 758../. li.
B8 758..7. 5.

BOX . . . . weeeo....B8 761 ../, 4.

plane indication e<—--"
(see Table above)

32
64
16
32
64
32
64
128
128

outer

WITH 30 MIL CORES

dimensions of
planes in mm

length
A

71
104
75
108
173
75
108
173
173

width

8

71
104
75
108
173
71
104
173
173

pitch of
mounting holes

in mm
length width

C D

50.2 50.2
82.3 82.3
51.5 51.5
86.3 86.3
151.3 151.3
51.5 50.2
51.5 50.2
151.5 151.5
151.5 151.5

. without interconnection plane

. with interconnection plane
B8 761 ..7. 5.

)

6F2 cores
6F3 cores

. with interconnection plane

number of planes

. without interconnection plane

Examples: The type number of a matrix plane with 4 x 32 x 32 cores of Ferroxcube 6F3 and wiring
1-1-4-4, is B8 629 07/M1.
The type number of a stack containing 10 planes with 128 x 128 cores of Ferroxcube 6F2 with inter-
connection plane, is B8 758 24/K510.

Stack height is determined by (n + 2) 4.9 + 10 mm.

If desired 30 mil stacks can be supplied with connection leads.
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MATRIX PLANES AND STACKS

WITH 20 MIL CORES

The matrices are provided with 6H1 cores and are lacquered. The mechanical design is similar
to that of the 50 mil and 30 mil planes and stacks. The frames are made of glass-epoxy of 3.2 mm
thickness, the pitch of the grooves is 0.635 mm (25 mil). The diameter for the wires is 0.06 mm. Special
attention is paid to the sense wire configuration. The applied sense wire differs from the one used in
the 30 mil planes.

For that reason the worst-case patterns of both are different. The tag lay-out and the connections for
the sense and inhibit wires are identical to the 30 mil matrix planes (see figure). Also the composition
of the 20 mil stack is the same as for the 30 mil stack, namely built-up with only one type of plane. For
testing the stack with the most unfavourable “1” and “0” outputs, the cores must be set in the worst-
case pattern which is indicated below.

Worst-case pattern
1 0 1 0 O 1 0 1

0O O 1t 1 1 0 o0

1 1 0 0 0 O 1 1
0 1 0 t 1 0 1 0
0 1 0 1 1 0 1 o
1 1 0 0 0O o0 1 1

B84



Standard range

plane
indi-
cation

03
07
08
09
10
21t
30

N e

wiring

MATRIX PLANES AND STACKS

number of cores

64 x
4 x
4 x
2 x
2 x
128 x
2 x

e
NGO R NG NN
NGO N N NG NN

64

32 x 32
64 x 64
16 x 32
32 x 64
128

64 x 128

Planes indicated in bold print are preferred types.

Composition of the type number

Matrix plane

stack

...................... B8 640 ../ N1
B8 770 ../N1

plane indication
(see Table above)

—)

WITH 20 MIL CORES

outer pitch of
dimensions of mounting holes
planes in mm in mm
length width length width
A 8 C D
76 76 55.7 55.7
76 76 55.7 55.7
117 117 96.9 96.9
56 53 35.4 354
76 76 55.7 55.7
117 117 96.4 96.4
117 117 96.4 96.4

number of planes

Examples. The type number of a matrix plane with 4 X 64 X 64 cores (core type 6H1) and wiring
1-1-4-4, is B8 640 08/N1.
The type number of a matrix stack containing 8 planes with 2 x 64 x 128 cores, is B8 770 30/N108.
Stack height is determined by (n + 2) 3.2 mm.

If desired 20 mil stacks can be supplied with connection leads.
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PLATRICES

WmTI'VHT

If a matrix plane with cut frames contains a small number of cores, the cost of the frame forms an im-
portant part of the total price. For that reason we have introduced a new range of small matrix planes
in an inexpensive frame, called a plate matrix or PLATRIX. The platrices are provided with LTC cores
type K5 28146/6C2 only, in a capacity range from 256 up to 1024 bits.

The wiring is according to the MIT-system. To reduce the required drive currents by a factor of two,
each drive wire is threaded through the cores twice. In this manner matrix planes are obtained which
can be used within a wide temperature range without need of current compensation. Comparatively
low drive currents are neccessary for these matrices.

To keep the price of the platrices as low as possible, we have standardised them to 4 types, having
different mechanical dimensions. Non-standard types can be supplied in large quantities only.

Construction

The cores and wires are affixed to a paper-base laminate plate by means of a special lacquer, which
withstands wide temperature variations. This construction is highly shock- and vibration proof. The
platrices are provided with special L-shaped tags on the edges of the plate. This construction facilitates
the assembly of the platrices in the grid of a printed-wiring board.

Application

It is very attractive for applications in small bookkeeping-machines, invoice-machines, desk calculators,
cash registers and machine-tool equipment, that the platrix can be provided with diodes and selection
circuits on the same printed circuit board.

Technical data

The tags are mounted with the standard pitch of 0.1" (2.54 mm), but on request the platrices can be
supplied with a pitch of 2.50 mm in accordance with the German DIN. The platrices meet the MIL-
specifications STD202. The maximum permissible inter-winding voltage is 80 V.

The insulation resistance exceeds 100 Mf2. Each core is tested with marginal drive currents for a
minimum rV, value of 28 mV. The wiring diagram for the single and four-fold designs are shown in
Figs. 1 and 2 respectively.
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Standard range

Standard platrices with code numbers are tabled below.

type number

B8 62601/L2
B8 62620/L.2
B8 62617/L2
B8 62625/L.2
B8 62620/L2
B8 62604/L2
B8 62629/L.2
B8 62602/L.2
B8 62609/L2
B8 62606/L.2

number of cores

16 x 16
2x 8x16
4 x 8 x 8
4x10x10
4x12x12

16 x 32
2x16x16

32 x 32
2x 16 x 32
4x16x16

—

outer dimensions

82
82
82
102
100
82
82
122
122
122

82

82

82
102
102
122
122
122
122
122

X X X X X X X X X X

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

PLATRICES

Platrices with a pitch of 2.5 mm bear the same type number, but the indication behind the obligue
becomes L1 instead of L2.
Stacks with platrices up to 4 pieces maximum can be supplied with series-connected drive wires.

PLATRIX 16x16

single version

PLATRIX 4x8x8

four-fold version
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COMPLETE MAGNETIC CORE MEMORIES

SURVEY

A magnetic core memory is a device for the storage of digital information, such as is intended for use
in data-handling systems. A complete magnetic core memory contains a memory stack and the asso-
ciated circuits to drive it, e.g. current drivers, read amplifiers, timing unit, selection system, address
register and input/output register. It may also comprise the required power supplies. The systems
mentioned below are all assembled in a standard mounting chassis, use being made of plug-in printed
circuit boards to mount all the circuitry. The range of systems comprises the following types.

memory capacity cycle time access time core circuit ¢ ambl:nt
, emperature
type words  bits/word (i) (/<s) type blocks range (°C)
4B5 256 8. ...40 5 1.4 6F3 20 series 0...+65
1024
2048
4096
256 24 20 8 6D5 100 series +10. ..+40
4C20 1024 12
4096 8
16D2 4096 4. ...60 2 0.8 6F3 20 series 0...+50 °C
8192 4. ...60
16384 4. ...50
65E15 65536 76 15 2 6D8 20 series + 10. ..+40
16F1 16384 32 1 0.35 6H1 + 10. ..+40

cycle time

number of
bits

17747B90AI
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 4B5

Main characteristics

a.
b.
c.

cycle time: 5 /ts
access time: 1.4 jus
capacity:

256 words \

1024 words | 8 up to 40 bits

2048 words |

4096 words /
circuit blocks of the 20-series (equipped with silicon semiconductors)
core type used: 6F3 (LTC core)
ambient temperature: 0-65 °C
modes of operation :

read/restore

clear/write new information

split cycle, read/write new information

. mechanical dimension (independent of the number of words and bits)

height 400 mm
depth 275 mm
width 444 mm
required power supplies: +12V; —12V; + 6V;
max. 9A max. 2.5A  max. 2.2A
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 4B5

2. Special characteristics

a. logic levels: "1" = +6 V
"ot = oV

b. Switch core matrices are used for the selection of the X and Y lines of the stack.

c. A protection circuit is included in all systems to prevent damage to the electronic circuits or
faulty operation if the supplied voltages are 10% higher or lower than nominal. This protec-
tion circuits also prevents the information stored in the system from being destroyed when the
equipment is switched on or off.

d. Optionally a memory exerciser (minitester) can be supplied, which checks the system ac-
cording to the following four patterns:

all "v

all "0"

double checkerboard

double checkerboard complement

In the event of an error, the faulty address and bit will be indicated by a combination of
lamps.

Mechanical dimensions of the tester:
height 133 mm

depth 275 mm
width 444 mm

memory exerciser 4B5 store
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 4C20

1. Main characteristics 2. Special characteristics
cycle time: 20fis
access time: 8 fis "0" = oV
capacity: b. group selection system is used

256 words up to 24 bits to select the cores.
1024 words up to 12 bits
4096 words up to 8 bits
. circuit blocks of the 100-series
(equipped with germanium semiconductors)
core type used : 6D5
ambient temperature: 10-40 °C
modes of operation:
read/restore
clear/write new information
split cycle, read/write new information
h. mechanical dimensions:
256 words, 20 and 24 bits stores
height 400 mm
depth 252 mm
width 444 mm
required power supplies:
+6 V;max. 1.5 A
+6V;max. 5A

a. logic levels: "1" = —6V

all other types
height 266.6 mm
depth 252 mm
width 4444 mm
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 16C10

1. Main characteristics

a. cycle time: 10 /fcs
b. access time: 3.5/is
c. capacity:

16 348 words up to 32 bits
8 192 words up to 32 bits
d. open circuits (equipped with
silicon semiconductors)
e. ambient temperature: 0-50 °C
f. modes of operation:
read/restore
clear/write new information
split cycle
split cycle, read/write new
information
read only (in 4 /is)
write only (in 4 us)
g. mechanical dimensions:
height 850 mm (for largest
store)
depth 485 mm
width 444 mm
h. this system is delivered with
the required power supplies
(power consumption: max.
220 V, 3 A).

2. Special characteristics

a. logic levels: "1" = +6 V
"0" = ov
b. optional extras:
level shifting circuits
memory exerciser
sequential addressing and sequential interlace
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 16D2

1. Main characteristics

a. cycle time: 2 /is
b. access time: 0.75/is
C. capacity:

4096 words |

8192 words Lopt

16384 words U up
d. circuit blocks of the 20-series (equipped with silicon
semiconductors)
core type used: 6F3 (LTC core)
ambient temperature: 0-50 °C
g. modes of operation :
read/restore
clear/write new information
split cycle, read/write new information
h. mechanical dimensions (dependent on the number
of words and bits):
height 1300 mm
depth 275 mm
width 444 mm
i. required power supplies:
+12V; 16.5A
—12V; 10.3A for the 16384 words,
+ 6V; 7.0A 50 bits store
+48 V; 10 A
+10V; 2.75 A

oo

for the 16384 words
50 bits store

2. Special characteristics

a. logic levels: "1" = +6 V
0" = oV
b. The system is provided with a transformer selection system
c. All printed circuit boards are provided with monitoring points (test points)
Optional extras:
1. power supply control unit:
to avoid loss of information during switching on and off;
to switch off the system if any voltage or current exceeds its specified values
2. integrated tester for fault-finding according to the following patterns:
all "v
all "0"
double checkerboard
double checkerboard complement

e
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COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 65E15 (mass memory)

1.

B94

Main characteristics

a. cycle time: 15 /is
b. access time 2 fis
c. capacity:
65536 words of 76 bits
. circuit blocks of the 20-series (equipped with silicon semiconductors)
. core type used: 6D8
ambient temperature range: +10 to +40 °C
. modes of operation:
read/restore
clear/write new information
split cycle, read/write new information
h. mechanical dimensions: the dimensions of a complete
store, including power supplies, integrated tester
control panel, are: 192 X 80 X 66 cm
i. power supplies: power supplies are incorporated in
the store input: 110/125/145/200/220/245 Vac,
50/60 c/s, power consumption: approx. 800 VA

Q o o

Special characteristics

a. logic levels:

input: "1 2.5V over 758
"0": 1V over 758
output: "1": 40 mA (in 75R)
"0": 1 mA (in 75R)

Switch core matrices are used for the selection;
type 6S2 core is used.
c. The store comprises:
1. power supplies (+12V; —12V; +6V; —50V)
2. check panel (to check voltages and currents)
3. memory exerciser testing the system according to
the following patterns:
all "1"
all "0"
double checkerboard
double checkerboard complement
d. All printed circuit cards are provided with monitoring
prints.



COMPLETE MAGNETIC CORE MEMORIES

MEMORY TYPE 16F1

1. Main characteristics

a. cycle time: 1/is
b. access time: 350 ns
C. capacity:

16384 words of 32 bits
d. core type used: 6H1
e. ambient temperature: 10 to 40 °C
modes of operation :
read/restore
clear/write new information
split cycle, read/write new information
g. the mechanical dimensions for a 16384 word 32 bit system are:
height: 820 mm
depth: 500 mm
width : 600 mm
h. required power supplies: +12 V; 5
-12v;
+ 26V; u a |32 bits Store

bl

A\
. Ifor the 16384 words

2. Special characteristics

a. logic levels:

input: logic "V: 12V :+ 2V
logic "0": 0V;x1.5V
output: logic "1": 10V; + 30mA

logic"0": +1.5V; — 36mA
b. transformer selection is used.
c. Optional extras:
level shifting circuits
memory exerciser
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MOUNTING AIDS

MOUNTING AIDS AND ACCESSORIES FOR CIRCUIT BLOCKS

Mounting chassis

Two standardised types of chassis for the mounting of circuit blocks are available, both designed to be
fitted in 19" racks.

The chassis of Fig. 1 can contain up to 21 standard printed-wiring boards together with their mating
connectors type F045CC/025, and can be mounted directly in a 19" rack.

Type number B871610, fig. 1
Chassis for circuit blocks mounted
on printed-wiring boards

Type number B871609, fig. 2
Chassis for circuit blocks mounted
side by side Fig. 2

The chassis of Fig. 2 can contain up to 19 circuit blocks mounted side by side.

A number of these chassis can be mounted in a metal frame. Fitted in a standard 19" rack, 6 of these
chassis can be mounted side by side.

MOUNTING AIDS AND ACCESSORIES FOR THE 10 SERIES AND 20 SERIES

Type number B871611 fig. 1
This chassis can contain up to 21 standard p.w. boards together with their mating connectors, type
F045CC025 (single-sided contacts) or type F045KC/025 (double-sided contacts).
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MOUNTING AIDS

MOUNTING AIDS AND ACCESSORIES FOR CIRCUIT BLOCKS

Mounting chassis

This universal type of chassis for mounting circuit blocks of the 100 series, 10 series and 20 series and

many other components is designed to be fitted in 19" racks.
The chassis can contain 21 printed-wiring boards with a length of 204 mm. Connector types F045 and

F047 can be used.
A latch firmly locks the p.w. boards and prevents dislodgement due to vibration.
A number of these chassis (height 133 mm) can be mounted in a metal frame. Six chassis can be mounted

side by side in a standard 19" rack.

Storage temperature range —55°C to +85 °C
Operating temperature range —25°C to +85 °C

Mounting chassis

Type B871613 for connector 242202052591
Type B871615 for connector F047
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TRANSISTORIZED POWER SUPPLY UNITS

Available types

These units permit a quick assembly of a
variety of power supplies delivering
as stabilised out-
put voltages between 1 and 39V, at
currents ranging between 0.25 and 5A

unstabilised as well

description dimensions (mm) type number
1-39 V, 1 A unstabilized power supply unit...................... 165 x 127 x 140 YL6101
1-39 V, 5 A unstabilized power supply unit...................... 317 x 165 x 165 YL6102
6-30 V, 250 mA stabilizer un it .....coooeeiiiiiiiiiiiiiiieens 159 x 121 x 51 YL6103/00
1- 6V, 250 mA stabilizer un it .....oooooiiiiiiiiiiiiie, 159 x 121 x 51 YL6103/01
500 mA series regulator un it ..............oo 121 x 76 x 25.4 YL6104
+ 6V, 150 mA stabilizer un it ....coooiiiiiiiiiiiiiieas 121 x 76 x 25.4 YL6105
Tentative data +24 and — 24 Volts supply unit
mains voltage 200 - 220 - 240V +10% - 15%
mains frequency 45 - 60 c/s
dimensions 25 x 7 x max 9 cm.
positive output negative output
voltage + 24V £ 10%' voltage -24V = 5%*
current 50mA2 current 250 mA2
ripple <200 mVrms ripple <100 mVrms

lincluding temperature effect (— 10 to +50 °C) and load changes.

2 at maximum operating temperature.
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The new power supply units both for
+6/—6V and +12/ — 12 V are designed
for use with circuit blocks and for uni-
versal supply of transistorised circuits.
The supply units fit into the 19" moun-

ting chassis B8 71610, B8 71611,

B8 71613 and B8 71615.

Data

mains voltage

mains frequency

fusing

storage temperature
operating temperature

voltage
current
stability ratio
ripple
internal resistance
internal impedance
at 10 kc/s
at 100 kc/s
temperature coefficient
at no load

voltage
current
stability ratio
ripple
internal resistance
internal impedance
at 10 kc/s
at 100 kc/s
temperature coefficient
at no load

+ 6/— 6V supply
type number B8 910 00

220V and 235V
+10% -15%

50-60 c/s

1 A fuse in primary

-20° to +75 °C

-20° to + 60 °C

+ 6V, adjustable £5 %
150 mA

>200 :1

<50 mVrnls

0.5Q

<0,5
1Q approx.

+ 6 mV per deg.C

— 6V, adjustable +5 %
600 mA

>300 :1

<50 mVrms

<0.3Q

<0.2Q
1Q approx.

—3 mV per deg. C

TRANSISTORIZED POWER SUPPLY UNITS

+ 12/—12 V supply
type number B891003

95-125 V 1 in steps
190-250 Vj of 5V
45-65 c/s
automatic
-20° to +75 °C
-20° to +65 °C

positive output

-12 VvV

1A

>500 :1

0.35 mVrms

<55 mQ, 0-100% load

+ 0.075 mV per deg.C1
+ 0.038 mV per deg.C2

negative output

-12 Vv

400 mA

30 :1
1 mVrms
<0.2Q, 0-100% load

— 0.45 mV per deg. C1
— 0.1 mV per deg. C.2

The units can be mounted into the 19" mounting chassis B8 716 10, B8 716 13 and B8 716 15. The base
plate of the power supplies serves as a side panel in the 19" mounting rack. One of the side panels of
the mounting rack is therefore replaced by the base plate of the power supply.

1 Full load 2 Half load
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UNIVERSAL MODULAR POWER SUPPLIES

TRANSISTORIZED POWER SUPPLY UNITS

A new series of power supply modules is being developed. Several modules can be assembled to a power
supply unit to suit requirements of voltage (from 5V up to 60 V), current (up to 10 A) and stability.

Tentative data

Internal resistance <5 mQ
Internal impedance at 500 kc/s <50 mD
Ripple <1 mVrms
Stability ratio 1000 : 1 (10% input change gives
0,01% change in output)
Temperature coefficient <0,001% per deg. C
Temperature range -10 to +65 °C
Fusing automatic electronic overload protection
Sensing provisions for local and remote sensing

The supply units can be mounted in standard 19" racks.
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Afewtypes of professional high-quality switch have
been developed.

The following types are available:

FC21051 (Fig. 1)

Simple normal ten-position switch with two desks.
Colour code: yellow

FC21060 (Fig. 2)

Decade decoding switch, code 1.2.4.2. containing:
athumb-driven 10-position switch with 0-9 indi-
cation
a decoding circuit incorporated
a negative gate with 4 inputs

Colour code: red.

FC21061 (Fig. 2)

Decade decoding switch, code
1.2.4.8. containing the same
as type FC21060.

Colour code: grey

Under development:

FC21062

12-position switch with two
desks.

Fig. 2.

output

DECADE SWITCHES

output
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DECADE SWITCHES

Fixing
The switches can easily be mounted on front panels up to 2 mm thickness without tools orscrews.

Up to six switches can be clicked into a grey nylon mounting plate (see figure) which is mounted
on the front panel. The output tags can be soldered directly into a 2 inch-grid printed-wiring board.

Nylon fixing plates

Available for 1 up to and including 6 switches.
Development type numbers: 1 switch FC00155
2 switches FC00156
3 switches FC00157
4 switches FC00158
5 switches FC00159
6 switches FC00160

Connections
5 4 3 2 1 C 09 8 7 6

4 3 21 0 C 9 8 7 6 5

Nominal current.................... .. 0.5A
Maximum permanent current 1A
Over-current during 5 S .o.ciiiuiiiiiiii i 5 x nominal load
Maximum VO aG @ cuuee e 500 Vdc,
Insulation resistance at 100 V ....ooiinneeiiiiii i R; > 1 kQ at 100 V
Contact resistance at 1 M €/ S....oooiuiiiiiiiiiiiiiiiiiieee RO< 25 x 10~4
Capacitance at 1 Mc/s (one contact against all others earthed). Cp < 15 pF
Minimum current for guaranteed R, .....cooeiiiiiiiiiiiiiiinne 10 mA
Tested lifetim e oo e > 200,000 full turns
Operating force for switching.......cooooiiiiiiiiiiiiiins 250-750 grammes
Test voltage during 1 minute:
(a) between any connection and ground and (b) between

any two adjacent connectionsS.......cccoivieiiiiiiiiiiiieienns 500 Vdc
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MICROWAVE UNITS

FERRITE ISOLATORS

In the microwave field many components are available, others are under development.

Due to the fact that the tubes, the ferrites, the magnets and all the necessary materials have been
developed and are produced in the same factory, their quality and reliability are really outstanding.
Components are available in a wide frequency range: about 400 to 40.000 Mc/s.

1. Ferrite components as isolators, circulators, 3-ports, 4-ports, switches, etc.

2. Amplifiers and oscillators as well as power output stages.

3. Hardware as bends, twists, coaxial lines for waveguide transitions, tapers, etc.

As a rule the following guaranteed specification for isolators e.g. is given:
Insertion loss < 0.5 dB
Attenuation >30dB

VSWR over the whole band 1.05 and less than 1.02 over a bandwidth of 50 Mc/s around any centre fre-
quency in the band. All the components have the standardized JAN, WR or IEC waveguides. IEC
flanges are standard.

The finishing is silver-plated plus gold-
plated and in the standard G.P.O.
(P.T.T.) grey colour.

Mixers, parametric amplifiers, masers
and suchlike will soon be available.
The photographs show a few samples
of units and components.

More types of integrated building bricks
such as amplifiers plus isolators plus
coaxial line-to-waveguide adaptor are
also available.

For further details, technical advice etc.
please contact the professional group of
the Icoma division.
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MICROWAVE UNITS

FERRITE ISOLATORS

dimensions (mm)

Type a b c d
B873240 180 (9X9) 16.7 16.9
~3Q B873200 180 132 16.7 24
B873201 uo 119 13.4 10.5
B873202 HO 132 13.4 14
B873203 uo 108 13.4 16
B873206 115 105 11.0 17
B873208 115 88 11.0 17
B873209 115 88 11.0 17
B873210 115 - - 174)
B873211 100 - - -
B873215 80 61 7 14.8
B873217 60 45 4 10.3
88936700 102 70 18 14.5
Some types of isolators
atten- waveguide
type frequence uation loss VSWR RETMAIMIL
(Me/s) m m IEC WR/RG
Field-displa-
cement types
B873200 3400-3800 >30 <0.8 <1.05i. 2 R40 229/—
B873240 3800-4200 >30 <0.8 <1,05!. 2 R40 229/—
B873201 3800-4200 >30 <0.8 <1.051-2 R48 187/49U
B873202 4200-4600 >30 <0.5 <1.051.2 R48 187/49U
B873203 4600-5000 >30 <0.5 <1.051'2 R48 187/49U
B873206 5925-6425 >30 <0.5 <1.05!.2 R70 137/50U
B873208 6825-7125 >30 <0.5 <1.051.2 R70 137/50U
B873209 7125-7425 >30 <0.5 <1.05!. 2 R70 137/50U
B873210 7425-8025 >30 <0.5 <1.03!. 4 R70 137/50U
B873211 7700-8500 >30 <0.5 <1.05!. 2 R84 112/514
B873215 10700-11700 >30 <0.8 <1.051»2 R100 90/52U
B873217 12500-13500 >30 <0.5 <1.05i. a R140 62/92U
Resonance types
88936700 3800-4200 >303 13 <1.1Qi R48 187/49U

1 In the specified frequency range.
*The VSWR in a band of 40 Mc/s around each centre frequency can be matched to <1.02.

3In a band of 50 Mc/s around each centre frequency in the specified frequency range. To be adjusted by a magnetic
shunt.

4The type B873210 has no matching screws.

All isolators have standardised IEC flanges.
Isolators for high-power on request.
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MICROWAVE UNITS

3-PORT COAXIAL CIRCULATORS

atten-

frequency uation loss VSWR type connector type number

Mc/s (dB) (dB)
1900-2300 >20 <0.75 <1.15 N 4322 020 5001
1900-2100 >20 <0.75 <1.10 N | 4322 020 5002
2100-2300 <1.20 N j
2100-2300 >20 <0.75 <1.10 N | 4322 020 5003
1900-2100 <1.20 N ]
2500-2900 >20 <0.6 <1.10 N 4322 020 50041
2200-3000 >20 <0.6 <1.20 N 4322 020 50051

Three-port circulators are also available for the frequency ranges 450-470 Mc/s and 470-860 Mc/s
(high power). Other types on request.
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MICROWAVE UNITS

3-PORT CIRCULATOR
3x120°%10"

Specification: 3600-4200 Mc/s; >25/<0.4 dB;
VSWR <1.08, in WR229 (=R40)

4-PORT CIRCULATORS
69.8- 70.2

A=flange IEC-PDR70 etc.
B=flange IEC-UER70 etc.

<t
T.-
in -
Pl B | 1A
5] N
% -+
T TR

These circulators are available in the frequency
range of about 6000 Mc/s-13500 Mc/s with a
bandwidth of 4 %

Specification: > 25/< 0.4 dB; VSWR <1.10

Other frequency ranges on request, for in-
stance about 3500-4500 Mc/s in one range, etc.

Typical curves of a 4-port circulator in the fre-
quency band 7425-7725 Mc/s.
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The amplifiers are available under the following
type numbers:

Amplifier block without radiator B873300
Amplifier block with radiator . . B873301
Radiator......ooooeiiiiiiiiiiiiiinn, K399512

Microwave triodes EC157 and EC158

MICROWAVE UNITS

Frequency 3700-4200 Mc/s
Output with EC158 about 5 W

Gain 14 dB
Bandwidth 0.1 dB 32 Mc/s

G x B 800

Filament 6.3V 2%
Anode Voltage 180 V
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MICROWAVE UNITS

OTHER COMPONENTS FOR MICROWAVE EQUIPMENT

A B C D E F

Apart from the microwave building bricks mentioned, a great variety of microwave components is
available or under development, such as:

Loads (any waveguide) VSWR <1.03 (A); matchable short-circuit; transitions (coaxial to waveguide)
VSWR about 1.10 (B and C); gas shutters VSWR <1.03 (D); waveguide bends E and H; quick-release
waveguide clamps B873401 (E); tuning key for isolators and amplifiers K399619 (screw head 5.1 mm
square) (F).

Moreover, underdevelopment: mixers; switches for up to 13500 Mc/s; filters (tunable); parametric
amplifiers and mixers, hybrids, attenuators, etc.

LABORATORY MODEL OF AN S-BAND
PARAMETRIC AMPLIFIER PLUS
CIRCULATOR

Varactor diode

Overall noise figure . . . 3.2dB
Bandwidth................... 20-35 Mc/s

Pump frequency............. 9000 Mc/s

PUMP POW eI . iiieinennans 5 mw

Tunable from ................ 2700-3300 Mc/s by

varying the pump
frequency andlevel
only.

These data are provisional.
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TYPE 88931 RECEIVER INSET

Sensitivity
54 dB at 1000 c/s with reference to 1(N/m22/W; measured in combination with a suitable
ear-piece and an artificial ear having a chamber volume of 6 cm2.

Frequency response
Atypical frequency response curve is shown in Fig. 3 indicating also the limits in between
which the response curves are guaranteed.

Impedance
350Q +20% at 1000 c/s.

Main constructional features
Nickel-plated brass case, rigid magnetic circuit and adequate protection against moisture
and dust. Dimensions are given in Fig. 2.

Weight
80 grammes

300n >6H iomF

— vimiw —

Fig. 1. Test circuit
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TRANSMUTER INSET TYPE 88932

B110

Sensitivity
20 mv/,/B
at sound pressure of 80 phon and a frequency of 1000 c/s.

Frequency response
A typical frequency response curve is shown in Fig. 3, indicating also the limits in between
which the frequency response curves are guaranteed.

Resistance
100 A (70-150Q) at approximately | = 30 mA.

Stability
ENF generated at noise of 80 dB (absolute) will vary less than 2 dB if 1000c/ssound pulses of
100 dB are superimposed.

Main constructional features
Nickel-plated brass case; metal diaphragm; carbon chamber consisting of insulating ring,
gold plated lower and upper electrodes. Excellent moisture protection. Dimensions are
given in Fig. 2.

Weight
35 grammes

2700 U-——— @¥l?

e A
- 1
i

Fig. 1. test circuit (kS

@02 3

ok =

Fig. 2.
Fig. 3.



ULTRASONIC DELAY LINES

Ultrasonic delay lines provide storage of analogue and digital information for periods up to several
milliseconds. The lines consist of a transmitting transducer, an acoustic transmission medium and a
receiving transducer. The electrical input is converted into an ultrasonic wave which is propagated
through the medium and then converted again into an electrical signal. The speed of the ultrasonic
wave is slow compared with that of an electromagnetic wave, so that comparatively large delays can
be accommodated in a convenient size.

Several types of delay lines are in our programme:

1. Fused quartz lines, acoustic bandwidth approximately 0.5 of the carrier frequency.
Standard carrier frequencies are e.g. 7, 15 and 30 Mc/s.
Temperature coefficient of the delay: 70 parts per 106 per °C.

2. Mercury lines are important for frequencies above 20 Mc/s.
Available in fixed and variable (25-330 yrsec. e.g.) versions.
Temperature coefficient — 3 parts per 108 per °C.

3. Wire lines for applications with multiple transducers and a large range of adjustment (by using
torsional modes up to several milliseconds and storage capacity of over 1000 bits— equivalent to a
bandwidth of approximately 1 Mc/s for a 1 ms line).

Temperature coefficient 10 parts per 106 per °C.
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DELAY MODULE

The YL2108 delay module contains an ultrasonic delay line and associated transistorised input and out-
put electronics. It is suitable for use with existing circuit block systems or is directly adaptable to fit
other requirements; either n-p-n or p-n-p logic systems are catered for in the input, output and power
supply requirements.

The delay is within the range 100/ts to 3200/<s as specified by the
customer, with a fine adjustment in value by a preset control.
For lines with the shorter delay the maximum pulse repetition
frequency is 400 kc/s falling to 250 kc/s for the 3200 /is delay line.

The input circuit of the unit is a voltage-level discriminator with
the trigger level set at 1.5 V. Negative-going edges in the range
20-350 nanoseconds per volt will result in reliable operation.
The negative-going output pulse is of constant amplitude and the
width is preset tooneofthree valuesdependenton the p.r.f. in use.

Delay: ., 100 /is to 3200 /is

Fine adjustment +10 /is i
Pulse width Max. P.R.F.

Pulse Repetition Frequency:. . 400 kc/s maximum for short
delay lines 1.3/is at 400 kc/s
250 kc/s maximum for long 2.6/is at 200 kc/s
delay lines 4.0/is at 150 kc/s
Temperature Range : ............ -10 °C to +60 °C
- . Logic Output
Temperature Coefficient . . . From —5 parts per million deg.C
of delay: for long lines, to +50 parts for Current at logic 0: 1.2 m A*
very short delay lines with +6 V supplies
SUpply 12V £5%, including ripple load Amplitude at logic 1: not
current 100 mA at maximum less than 5V
frequency falling to 50 mA qui-
escent Dimensions:
Input Drive Current:............ Not to exceed 25 mA peak, 5 mA 245 x 17.3 x 4.1 cm
average over any 50 ms period
Output Signal Amplitude:. . . Unloaded 6.5V nominal from
a source impedance of 700 Q
Output Pulse Width:............ 1.3 /is, 400 kc/s
terminal output pulse
supply P p
. _ 0 excursions
+ 12V + 12V 0 to ext. +6 V +6 VtoO
supply
-12 Vv 0 -12V to positive 0to —6V
terminal
+6V/0/-6V + 6V - 6V 0 Oto -6 V
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For these heads a very high-density ferrite is used. The gaps are made by a glass bonding technique
which guarantees sharply defined gap edges. This technique gives also the possibility of making multi-

track heads with well-aligned gaps.

Ferrite recording heads offer the advantage of low losses and great wear resistivity.

The heads are potted in a metal case.
The coil connections as well as an earth-
connection to prevent static charge of
the head are accessible at the under
side; they are designed as solder tags.

Standard gap lengths are 2, 3.5, 6.5, 12,
20 microns. The gap height depends on
the application and can be for instance
50-200 microns.

A range of heads in the following fields
is available: Audio, analog data recor-
ding, digital recording with either single
or dual gap per track, video, floating
heads for drums and discs, modulating
heads in static recording. All these
heads are available in single or multi-
track version, for instance:

1/4 inch 1, and 2 tracks, also 1-3 or
2-4 stereo

1/2 inch 3, 4, 7 and 8 tracks

1inch 7 (or 7+1) and 17 tracks

Record-head 4322 020 4027

bias current..........ooooiilt 45mA = 1

modulation forfull modulation 0.85 mA + 0.1

gaplength.........oi. 6.0/im + 1-0

inductance (1 kHz, 100 mV) 7.0mH = 15%

Q-factor at 1 kH z.. ..15

Q-factor ay 10 k H z 45

d.c. resistance.....cceeeeeunnnn.. 1.35.Q + 0.2

isolation (200V ) ....ccoenennen. 1000

resistance tape-contact
headfront.............c..o..e. 20 Mfi

Replay-head 4322 020 4028

output at 1 kHz and

reference level 32 mH/mm . 3.8 mV = 10%
gap length........ooooiis 3ytm + 1-0
inductance (1 kHz-100 mV . 75 mH = 15%
Q-factorat 1 kHz.... ..
Q-factorat 10 k H z .............
d.c. resistance.....cccceeeeennn.n 13 + 2Q
insulation (200V ) ....ccceenenen. 1000 Mf2
The output voltage of 3.8 mV = 10% applies
to the whole tolerance range of L = 75 mH
+ 15% (abt 65-85 mH).
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PROFESSIONAL FERRITE RECORDING HEADS

For reference sake some tentative data of typical heads are given below:

Write
L Tape No of Track Ga Ind. Bias Output
Description . P . K P Ut curr.
(inch) tracks width (mm) (micron)  (mH) (mA) (mV) (mA)
Digital, dual gap
Write 3 7 1.2 12 0.2 35
read 1 7 0.8 6 0.8 30
write 1 8 2 12 0.1 35
read 1 8 1.27 6 15 50
Audio full track
write 1 1 6.25 6 7 4.5 0.85
read * 1 6.25 3 75 3.8
,, haiftrack
write ; 2 2.2 6 7 3.2 0.6
read i 2 2.2 3 75 2.3
,, 1-3 stéréo
write T 2 2.75 6 7
read 1 2 2.75 3 40(75)
,, four track
write 1 4 0.5 6 7
read I 4 0.5 3 75
,, eight track
write i 8 0.5 6 7
read i 8 0.5 3 75
,, seventeen track
write 1 17 0.5 6 7
read i 17 0.5 3 75
Analog Instr.
write i 4 1.27 3 0.1 80 S
read é 4 1.27 1.5 2 8
write 1 7(+1) 1.27/0.5 3 0.1 80 202
read 1 7(+1) 1.27/0.5 1.5 2 8
Video
write/read 1 1 0.15 or 0.27 1.5 0.012 10 50
Flying
. write/read drum 8 0.7 20 0.13 200 1003
. write/read disc 9 0.5 6 0.084 27 115
. write/read disc 12 0.35 6 0.015 15 150
1The A tracks on tape is also available with 3 tracks plus a clock track. These heads can also be used interlaced,

to obtain twice the number of tracks on the same tape width of j".
2 Can also be used interlaced.
3 Heads with 6 microns gap available; 16-track flying heads also available.
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ELECTROLYTIC CAPACITORS

INTRODUCTION

The electrolytic capacitors listed can be subdivided into the following groups according to their
principal applications.
1. wet aluminium capacitors

la. the general-purpose programme

C426 series - miniature type
C437 series - small type
C431 series - large type

1 b. the extended-voltage programme

C436 series - small type
C433 series - large type
AC series - large type

2. wet long-life capacitors

C428 series - small aluminium type
C432 series - large aluminium type
C420 series - ultra small tantalum type

3. solid aluminium and tantalum capacitors

0415 series - solid aluminium type
C421 series - solid tantalum type

Group la: the general-purpose programme

This programme includes a large group of capacitors for low working voltages in an extended capacit-
ance range. In connection with the low working voltages and high capacitance values these types will
fulfil all requirements of transistorised equipment. The permissible ambient temperature range is
— 40 to +70 °C, which is suitable for these applications.

The economy range of the C426 series consists of types with the same capacitance and voltage range
as the standard 0426 series but in can sizes 4 and 6 only. Compared to smaller types they have
better characteristics, which make this range preferable for those cases where utmost miniaturisa-
tion is not required.

Group 1b: the extended voltage programme
These types can be used if high working voltages are required and also at higher working temperatures
up to 85 °C (C436, C433 series). Moreover in this range different mechanical versions are available.

Group 2: wet long-life capacitors

These types have a special construction resulting in better properties such as long service life and
high reliability for application in computers, telephone and other industrial equipment, where these
properties are of primary interest.

The C428 series have a limited capacitance range and are therefore specially suitable for coupling
and decoupling applications.

The C432 series have very high capacitance values and are therefore specially suitable for use in power
supplies of professional equipment. The admissible ambient temperature range is —40 to +70 °C.

A special group of capacitors which, regarding their properties, can also be arranged in group 2, are
the miniature wet tantalum types: the C420 series. These types combine excellent properties, long
service life and reliability with ultra small dimensions. Typical applications are hearing aids and other
very small transistorized equipment. The admissible ambient temperature range is —40 to +55 °C.

Cc2



ELECTROLYTIC CAPACITORS

Group 3: solid aluminium and tantalum capacitors
The C415 series are of cheap design and have good properties, the most important being unlimited
service life, high reliability, high stability; they are tested according to MIL-STD202. The permissible
ambient temperature ranges from — 80 to +85 °C at full voltage.
The C421 series have about the same properties with very small dimensions. They are therefore very
suitable for miniaturised professional and military equipment. The permissible ambient temperature
range is —40 to +85 °C (125°C with derated voltage). C421 capacitors are conform MIL-C26655B,

styles CS12/CS13.

application capacitance range
w

For general 0.32 upto 400
purposes
(economy
range)
For general 0.64 up to 500
purposes 64 up to 4000

320 up to 25000

If a high operating 40 up to 2000

temperature 200  up to 10000
is required
For high voltages 2.5 upto 80

8 upto 500
125 upto 250
8 upto 500

For long service 2.5 upto 320
life and high 900 up to 31500
reliability

For severest 2 upto 100
requirements,

long service life 0.33upto 330
and high

reliability

For ultra small 0.64 up to 40
dimensions

voltage range

(%)
4 upto 64
25upto 64
25upto 64
4 upto 64
25upto 64
4 upto 64

100 up to 400
100 up to 500
64 up to 500
100 up to 500
4 upto 64
6.4 up to 100

4 upto 40

6 upto 35

25upto 25

185 °C with reduced ratings 2Wet aluminium

maximum
operating
temperature

0
70/85

70'
70
70

85
85

70
70
70
70
70
70
85

125

55

INTRODUCTION

SELECTION GUIDE

type

type number

page

miniature2 C 426 C 4

miniature2 C 426 C 8

small2 C 437 C 12
large2 C 431 C 16
small2 C 436 C 22
large2 C 433 C 26
small2 C 436 C 22
large2 C 433 C 26
screw-base2 C 441 C 34
large2 special C 36
series
small2 C 428 C 38
large2 C 432 C 42
solid C 415 C 46
aluminimum
solid C 421 C 52
tantalum
wet C 420 C 56
tantalum
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C426 series - ELECTROLYTIC CAPACITORS

MINIATURE TYPE, FOR GENERAL PURPOSES (ECONOMY RANGE)

The economy range covers the whole capa-
citance and voltage range of the standard
C426 series, but in can sizes 4 and 6 only,
which offers the cheapest possible solution.
Moreover, these capacitors offer, compared
to smaller types:
(a) better low-temperature characteris-
tics;
(b) lower losses and impedances;
(c) longer service life and higher relia-
bility.
They are therefore preferable in all cases
where utmost miniaturisation is not re-
quired.
These capacitors are designed for operation
between —40 and +70 °C. They may also
operate at 85 °C for 12 hours per 24 hours.



ELECTROLYTIC CAPACITORS - C426 series

MINIATURE TYPE, FOR GENERAL PURPOSES (ECONOMY RANGE)

34* ) L,

W )==\r=T=
0.6+

*37mm for can size 6

Dimensions (mm)

insulated version with axial leads

can
size fig- D1 Lr fig-
1 6.7 18.5
6 1 10.4 18.5

tolerance on capacitanCe........coocoiieiiiiiiiiiiiieienenen,
temperature range .....oooeeeeeueeieenenennnnns
peak temperature (12 hours per 24 hours)................
peak voltage during 1 minute per hour: at +70 °C.

at < +40 °C.

climatic group NUM b er ..o

Composition of the type number Cc426. ./.
insulated: AR ( ----------mmmm

p.w. version: CB  -—--------—-—-

LJ «¢-+
S

Fig. 2

7Z1216a

printed-wiring version

»

)

d2 | 12 S
8.7 | 25 7.62
12.9 25 10.16
|
—10/+50%
—40/+70 °C
85 °C

1.125 X working voltage +0.5 V
1.25 X working voltage+0.5 V
40/70/56 (IEC)

capacitance value (/«F)

voltage indication (V)

Example: The type number of a 25 /«F/25 V capacitor, p.w. version, is C426CB/F25

C5



Cu26 series - ELECTROLYTIC CAPACITORS

MINIATURE TYPE,

working
can
R voltage
size (\/)

A A

A A

6 A

A 6.A
A 6.4
6 6.4
A 10

6 10

A 16

A 16

A 16

6 16

A 25

A 25

A 25

6 25

A A0

A A0

A A0

6 A0

A 64

A 64

A 64

A 64

6 64

FOR GENERAL PURPOSES (ECONOMY RANGE)

capacitance

0

8
125
400

32
100
320

64
200

2.5
16
40

125

1.6
10
25
80

6.4
16
50

0.32
0.64
4

10

32

leakage
currentl

0A)

4.1
30
73

15
37
85

37
85

4.1
18
37
85

4.1
18
37
85

4.1
18
37
85

2

4.1
18
37
85

1 Maximum leakage current at 20 °C after 5 minutes
2 Maximum permissible ripple current at 100 c/s
3 Maximum impedance at 20 °C and 100 kc/s

C6

ripple
current2
(mA)

16
40
125

16
40
125

40
125

16
16
40
125

16
16
40
125

16
16
40
125

16
16
16
40
125

dissipation
factor
(tan d)

0.15
0.30
0.30

0.15
0.30
0.30

0.25
0.25

0.10
0.20
0.20
0.20

0.10
0.15
0.15
0.15

0.10
0.10
0.10
0.10

0.10
0.10
0.10
0.15
0.15

impedance3

©

type
number

suffix

B8
B125
B400

C32
C100
C320

D64
D200

E2.5
E16
E40
E125

F1.6
F10
F25
F80

Gl
G6.4
G16
G50

HO.32
HO.64
H4
H10
H32



ELECTROLYTIC CAPACITORS - C426 series

MINIATURE TYPE, FOR GENERAL PURPOSES (ECONOMY RANGE)

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.

Can size 4 Can size 4
Can size 4 Can size 6
Mean size6 - 10** 18mm :
T-f 1= 327F/64 V
1 2« 50UF/40 V
1 e 3- 80 nF/25 V

4= 1Z5kiF/16 V
t 735= 200 11F/10 V
! %= 320 tiF/ 6.4V
7= 400 tiF/ 4 V

20 40 60 80 100
T (°C)*

Cc7

-40 -20 0O 20 40 60 80 100 40 -20
T (°0)



C426 series - ELECTROLYTIC CAPACITORS

MINIATURE TYPE, FOR GENERAL PURPOSES

These capacitors are specially suitable for
coupling and decoupling in miniaturised
electronic equipment, such as transistorised
pocket radio receivers, personal tape recor-
ders and similar applications.

They are available in an insulated version
with axial leads for conventional wiring and
in a version for vertical mounting on printed
wiring boards. The two smallest cans are
also available in a non-insulated version with
axial leads.

For applications in which utmost min-
iaturisation is not required we refer to
the economy range (see preceeding
pages).=

= non-preferred type
Cc8

Maximum d.c. working voltage

7244123



ELECTROLYTIC CAPACITORS - C426 series

MINIATURE TYPE, FOR GENERAL PURPOSES

«—OZkH
— .
Fig. la
*,
4 to +1
o S
Bf Fig. 1b
e Fig. 2a
g- *37mm for can size 6
Dimensions (mm)
insulated version with axial leads printed-wiring version
can d figs Dr L fig. d2 is S
size
1 0.5 la 3.4 10.5 1b 3.8 10.8 2.54
2 0.6 2a 4.8 10.5 1b 5.2 10.8 2.54
3 0.6 2a 6.1 10.5 1b 6.4 10.8 3.59
4 0.8 2a 6.7 18.5 2b 8.7 25 7.62
5 0.8 2a 8.3 18.5 2b 10.3 25 7.62
6 0.8 2a 10.4 18.5 2b 12.9 25 10.16
tolerance on capacitance: can size 2-6 -10/+ 50%
can size 1. -10/4-100%
temperature range: can size 2-6 . . —40/+ 70 °C
can size 1 . . . -40/4- 60 °C
a.c. voltage, without d.c. voltage . . 2.5V types: 0.25 Vrms
4 V types: 0.4 Vrms
6.4V types: 0.6 Vrms
10-64 V types: 1Vrms
peak voltage during 1 minute per hour: at + 70 °C 1.125 X working voltage 4*0-5V
at < + 40 °C 1.25 X working voltage 4-0.5 V
climatic group number 40/70/56 (IEC)
Composition of the type number C426 .. /.
insulated AR (AS for can size 1) < » capacitance value (y«F)
p.w. version CB (CA for can size 1) voltage indication (V)

Example: The type number of a 10 F/16 V capacitor, insulated, is C426AR/E10
Cc9



C426 series - ELECTROLYTIC CAPACITORS

MINIATURE TYPE,

working
voltage

V)

size

o wWwN R oOgh WwN R OO0 WNE oA WN P o wWwN R oOUh WN P oOUhWNRE
IS N = =

o [$)] o o AAABABPD NN NNDNN

oo o

ouhwN R
o
S

FOR GENERAL PURPOSES

capacitance

10
40
80
160
320
500

32
64
125
250
400

25
50
100
200
320

16

64
125
200

10
20
40
80
125

10
20
32

leakage
currentl

(mA)

3.1

8
14
25
45
63

3.5
10
18
30
55
73

21
37
63
85

4.1
12
21
37
63
85

ripple
current2

(mA)

2.5
10
20
40
80

125

2.5
10
20
40
80

125

2.5
10
20

125

10
20
40
80
125

125

125

ocoocooo

OCO0O0OO0OO0OO 0OO0O0OO00OO O0O0O0OO0O0 O0O00O0O0 000000 OO0O0O0O0O

cooooo

dissipation
factor
(tan 6)

impedance3
V)

100
24
12

6
3
1.8

100

24
12

100

100

100
24
12

100
24
12

1.8

Types of which the type number suffix is printed in bold letters are preferred.

1 Maximum leakage current at 20 °C after 5 minutes

2 Maximum permissible ripple current at 100c/s

3 Maximum impedance at 20 °C and 100 kc/s

C10

type
number
suffix

A10
A40
A80
A160
A320
A500

B8
B32
B64
B125
B250
B400

C6.4
C25
C50
c100
Cc200
€320

D4
D16
D32
D64
D125
D200

E2.5
E10
E20
E40
E80
El 25

F1.6
F6.4
F12.5
F25
F50
F80

Gl
G4
Gs8
G16
G32
G50

HO.64
H2.5
HS
H10
H20
H32



ELECTROLYTIC CAPACITORS - C426 series
MINIATURE TYPE, FOR GENERAL PURPOSES

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.

Can size 1 Can size 2 Can size 3

10s size3-5.8"xl0mm~

pti=|Can size 2-4.5*x 10mm: 5 nE/64

z . 8 tiF/40 V

<n L= 25tF/64 V 12.5HF/25 V

) Fn2= 4 nF/40 V /16 V

I—H3= 6.4tiF/25 V /10 v

4= 10 nF/ 6 V 7 6.4V

4 v

60 80 100
T (°C)
Can size U Can size 5 Can size 6
10*

z Hgan S'ﬁ%‘;f/é}(m\,mm fi rtiCan size5-8*x18mm I jCan size6-10*x 18mm

H2= 16nF/40 V z =t . 32 iiF/64 V

©) H3= 25 tiF/25 V Lzt 20 up/es v 50 tiF/40 v

ri4= 40 tiF/ 16 V 50 nEs 25 v 80 tiF/25 V

5= 64yF/ 10 V 20 tirs 18 v 125 tiF/ 16 V
~6 = 100 fciF/ 6.4V - 200 AF/ 10 V-

320 tiF/ 6-4V

400 tiF/ 4 V

500 tiF/ 2.5V

-40 -20

Cl1



C437 series - ELECTROLYTIC CAPACITORS

SMALL TYPE, FOR GENERAL PURPOSES

These capacitors are specially suitable for
coupling and decoupling in small transistor-
ised equipment, such as portable radio re-
ceivers and personal recorders, and similar
applications where high capacitance values
are needed.

This new range of electrolytic capacitors,
to be considered as an extension of the
miniature C426 series, is characterised by
interesting features: small size, high ca-
pacitance values and a long service life.

The sturdy mechanical construction - with
welded terminals - ensures long and reliable
operation. Low leakage currents could be
achieved by employing highly purified ma-
terial and by a carefully controlled manufac-
turing process.e

e non-preferred type

Ci12

Maximum d.c. working voltage



ELECTROLYTIC CAPACITORS - C437 series

SMALL TYPE, FOR GENERAL PURPOSES

7Z<221661

Dimensions (mm)

insulated version printed-wiring version
can size
| Di Li d2 2 S

00 10.4 30.5 12.8 39.3 10.16

01 12.9 30.5 15.2 39.3 10.16

02 15.4 30.5 17.8 39.3 12.70

03 18.5 30.5 20.8 39.3 15.24
tolerance oNn CapaCitaAnCe......o.iiuie i -10/+50%
TEMPErature FANgE .oueeeeiueeie et e et e e e e e e eeeaes -40/+ 70 °C
peak voltage during 1 minute per hour: at +70 °C . . . 1.125 x working voltage +0.5 V

at < +40 °C . . . 1.25 x working voltage +0.5 V

climatic group number . 40/70/56 (IEC)

Composition of the type number C437 ../ .

insulated : AR =< -

capacitance value (/+)

p.w. version : CB < » voltage indication (V)

Example: The number of a 1000 /rF/6.4 V capacitor, insulated, is C437AR/C1000.

C13



C437 series - ELECTROLYTIC CAPACITORS

SMALL TYPE,

can
s/ze

Types of which the type number suffix is printed in bold letters are preferred.

1 Maximum leakage current at 20 °C after 5 minutes

working
voltage

V)

FOR GENERAL PURPOSES

capacitance

tF)

1000
1600
2500
4000

800
1250
2000
3200

640
1000
1600
2500

400
640
1000
1600

250
400
640
1000

160
250
400
640

100
160
250
400

64
100
160
250

leakage
currentl

(t*A)

100
145
215
325

120
175
265
400

145
215
325
500

145
215
325
500

145
215
325
500

145
215
325
500

145
215
325
500

145
215
325
500

2 Maximum permissible ripple current at 100 c/s

8 Maximum impedance at 20 °C and 100 kc/s

ripple
current2
(mA)

200
300
400
550

200
250
350
500

200
250
350
500

200
250
350
500

150
250
300
450

125
200
250
350

125
200
250
350

100
150
200
250

dissipation
factor
(tan 6)

.35
.35
.35
35

oooo

.30
30
30
30

ocooo

25
25
25
25

ocooo

20
20
20
20

o ooo

15
15
15
15

ocooo

15
15
15
.15

oo oo

impedance

(0)

cCoor
® oo

Coor OO0OR
© o m o

© 0o ®o

OCOrRKFP OO0OOK OOOK OOOR
© o o O

Ok
oo

©® PO ®o®o

© NN

type
number
suffix

A1000
A1600
A2500
A4000

B 800
B1250
B2000
B3200

C640

Cc1000
C1600
C2500

D400
D640
D1000
D1600

E250
E400
E640
E1000

F160
F250
F400
F640

G100
G160
G250
G 400

H64

H100
H160
H250



ELECTROLYTIC CAPACITORS - C437 series

SMALL TYPE, FOR GENERAL PURPOSES

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.

Can size 00 Can size 01
-40 -20 40 60 60 100
T (°0)
Can size 02 Can size 03
-40 -20 40 60 80 100 40 60 80 100
T (°0) T (°C)

C15



C431 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR GENERAL PURPOSES

This range of high-capacitance electrolytic
capacitors has been developed for coupling
and decoupling applications in mains-oper-
ated transitorised equipment, and their
design makes them particularly suitable for
television receivers. In applications of this
type high alternating currents are often in-
volved ;therefore, special attention has been
given to the current rating of these ca-
pacitors.

A special construction guarantees a very
low equivalent series resistance which makes
them suitable for high ripple currents.

The capacitors are insulated, whereas a non-
insulated version is available upon request.
The five can sizes cover a range of capacit-
ance of from 320 to 25000 ,uF with working
voltages between 4 and 64Vdc.

Double versions are available in can size 7,
triple versions in can sizes 9 and 10.

The construction is such that one section
may be loaded with a very high ripple cur-
rent, whereas the ripple voltages of the
other sections, due to parasitic capacitances,
remain very low.

C16
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ELECTROLYTIC CAPACITORS

Single version
Can sizes 5, 6, 7, 9, 10

Double version
Can size 7

Triple version
Can sizes 9 and 10

tolerance on capacitance...................
temperature range ......coceeeveeenenennnne.
peak voltage during Iminute per hour: at

climatic group number

Composition of the type number

insulated : BR

- C431 series

LARGE TYPE, FOR GENERAL PURPOSES

Dimensions insulated version (mm)

can size 5 6 7 9 10
D 22 26 26 36 41
L 51 [50) 81 81 81

The insulated version is preferred. The dimensions given should be
decreased by 1.0 mm for the non-insulated version.

...................................... —10/+50%
...................................... —40/+70 °C
+70 °C iiineenens 1.125 X working voltage +0.5 V
at < +40 °C ..ooeeennen. 1.25 X working voltage +0.5 V

40/70/56 (IEC)

C431 ../

» capacitance value (//F)

» voltage indication (V)

Example: The type number of a 10000 y"F/16 V capacitor, insulated, is C431 BR/E 10000.

C17



C431 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR GENERAL PURPOSES

ri3'.

-1 jj u=j

K-

Mounting brackets

To facilitate vertical mounting, a series of rigid brackets made of cadmium-plated steel are available.
They can easily be slid over the capacitor and then fixed to it with a bolt and nut. They are provided
with two mounting lugs and, except the smallest version, with two supports to give stability in the
cross direction.
Four types are available, one for each can diameter of the capacitor range. They are delivered without
bolts and nuts.

dimensions (mm)

can size figure type number
a b c d

5 37.0+ 0.2 21 - 15.5 1 BL 271 21

6,7 41.5 + 0.2 25 35 18.5 2 Bl 271 22

9 51.5+ 0.2 35 45 23.5 2 Bl 271 24

10 56.5 + 0.2 40 50 26 2 Bl 271 25

C18



C431 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR GENERAL PURPOSES

dissi-
. . working capa- leakage ripple- pation : type number
version can size voltage citance currentl current2 factor impedance3 suffix
) (mF) (mA) (mA) (tan 0) (V)
6 u 5000 0.6 1000 0.50 0.25 B5000
single 7 4 8000 1.0 1300 0.50 0.16 B8000
9 4 16000 2.C 2100 0.50 0.16 B16000
10 4 25000 3.0 2500 0.50 0.16 B25000
single 6 6.4 4000 0.8 1000 0.45 0.25 Cc4000
7 6.4 6400 1.0 1300 0.45 0.16 C6400
9 6.4 12500 2.4 2100 0.45 0.16 C12500
10 6.4 20000 3.8 2500 0.45 0.16 C20000
single 5 10 2000 0.6 850 0.3 0.40 D2000
6 10 3200 1.0 1000 0.4 0.25 D3200
7 10 5000 1.5 1300 0.4 0.16 D5000
9 10 10000 3.0 2100 0.4 0.16 D10000
10 10 16000 4.8 2500 0.4 0.16 D16000
single 5 16 1250 0.6 700 0.25 0.40 E1250
6 16 2000 1.0 1000 0.25 0.25 E2000
7 16 3200 1.5 1200 0.35 0.16 E3200
9 16 6400 3.0 1800 0.35 0.16 E6400
10 16 10000 4.8 2200 0.35 0.16 E10000
single 5 25 800 0.6 650 0.2 0.40 F800
6 25 1250 1.0 800 0.2 0.25 F1250
7 25 2000 1.5 1100 0.2 0.16 F2000
9 25 4000 3.0 1700 0.25 0.16 F4000
10 25 6400 4.8 2000 0.25 0.16 F6400
single 5 40 500 0.6 650 0.15 0.40 G500
6 40 800 1.0 850 0.15 0.25 G800
7 40 1250 1.5 1100 0.15 0.16 G1250
9 40 2500 3.0 1700 0.15 0.16 G2500
10 40 4000 4.8 2000 0.15 0.16 G4000
single 5 64 320 0.6 500 0.10 0.40 H320
6 64 500 1.0 800 0.10 0.25 H500
7 64 800 1.5 1100 0.10 0.16 H800
9 64 1600 3.0 1700 0.10 0.16 H1600
10 64 2500 4.8 2000 0.10 0.16 H2500
double 7 4 2 x 4000 2x0.5 2x650 0.50 2x0.40 B4000 + 4000
7 6.4 2x3200 2x0.6 2x650 0.45 2x0.40 C3200 + 3200
7 10 2 x 2500 2x0.75 2x650 0.40 2x0.40 D2500 + 2500
7 16 2x 1600 2x0.75 2x600 0.35 2x0.40 E1600+ 1600
7 25 2x1000 2x0.75 2x550 0.20 2 x 0.40 F1000+ 1000
7 40 2x 640 2x0.75 2x550 0.15 2x0.40 G640 + 640
7 64 2x 400 2x0.75 2x550 0.10 2 x 0.40 H400 + 400
triple 9 4 3 x 5000 3x0.6 3x700 0.50 3x 0.25 B5000+ 5000+ 5000
10 4 3x 8000  3x1.0 3x800 0.50 3x0.16 B8000 + 8000+ 8000
triple 9 6.4 3 x 4000 3x0.8 3x700 0.45 3x0.25 C4000+ 4000+ 4000
10 6.4 3 x 6400 3x1.2 3x800 0.45 3x0.16 C6400+ 6400+ 6400
triple 9 10 3 x 3200 3x1.0 3x700 0.40 3x0.25 D3200+ 3200+ 3200
10 10 3 x 5000 3x1.5 3x800 0.40 3x0.16 D5000+ 5000+ 5000
triple 9 16 3 x 2000 3x1.0 3x600 0.35 3x0.25 E2000 + 2000+ 2000
10 16 3 x 3200 3x1.5 3x700 0.35 3x0.16 E3200+ 3200+ 3200
triple 9 25 3x1250 3x1.0 3x550 0.25 3x0.25 F1250 + 1250+ 1250
10 25 3 x 2000 3x1.5 3x650 0.25 3x0.16 F2000+ 2000+ 2000
triple 9 40 3x 800 3x1.0 3x550 0.15 3x0.25 G800+ 800+ 800
10 40 3x1250 3x1.5 3x650 0.15 3x0.16 G1250+ 1250+ 1250
triple 9 64 3x 500 3x1.0 3x550 0.10 3x0.25 H500+ 500+ 500
10 64 3x 800 3x1.5 3x650 0.10 3x0.16 H800 + 800 + 800

1 Maximum leakage current at 20 °C after 5 minutes
2Maximum permissible ripple current at 100 c/s
3 Maximum impedance at 20 °C and 100 kc/s



C431 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR GENERAL PURPOSES

Rs
&

05

0

100 2 5 100 2 5 103 2 5 101 2 5 105
frequency (c/s)

Series resistance of a 16-64- V single capacitor as a
function of frequency.

7ZA6868

Series resistance of a 16-64 V double capacitor as a
function of frequency

Series resistance of a 16-64 V triple capacitor as a
function of frequency

C20

Dissipation factor of a single capa-
citor as a function of temperature

Dissipation factor of a double capa-
citor as a function of temperature



ELECTROLYTIC CAPACITORS - C431 series
LARGE TYPE, FOR GENERAL PURPOSES

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.

Can size 5 Can size 6 Can size 7
e, Tz46182,
Can size 6-25*x49mm : size7-25*x80mm
1= 500ixF/ 64 V 800tiF/64 V
2= B800tiF/40 V 1250UF/40 V
13= 1250nF/25 V 2000 tiF/ 25 V
= 2000tiF/ 16 V 3200ixF/ 16 V
= 3200HF/ 10 V 5000nF/10 V
4000nF/ 6.4V 6400tiF/ 6.4V
5000HF/ 4 V 8000tiF/ 4 V
-40 -20 20 40 60 80 100 0 20 40 60 80 100
T (°0) T (°0)
Can size 9 Can size 10
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C436 series - ELECTROLYTIC CAPACITORS

SMALL TYPE, FOR HIGH AND LOW VOLTAGES

Due to the high working voltages and per-
missible temperature these small size capa-
citors are suitable for decoupling in all kind
of tube equipment such as radio and tele-
vision receivers and similar applications.
They have been designed for operation
between —40 and +70 °C.

However, the capacitors with d.c. working
voltages up to and including 100 V may also
operate at +85 °C for 12 hours per 24- hours
provided that the applied d.c. voltage is not
higher than 64% of the nominal working
voltage.=

= non-preferred type

c22
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ELECTROLYTIC CAPACITORS - CU36 series

SMALL TYPE, FOR HIGH AND LOW VOLTAGES

47 | L, J 47
7Zi2216b.1
Dimensions (mm)
i insulated version j printed-wiring version
can size
D: Li d2 i-2 s
0 10.4 18.5 12.8 26 10.16
00 10.4 30.5 12.8 39.3 10.16
01 12.9 30.5 15.2 39.3 10.16
02 15.4 30.5 17.8 39.3 12.70
03 18.5 30.5 20.8 39.3 15.24
tolerance on capacitance: for working voltage < 64V . . —10/+50%
for working voltage > 100V . . —10/+30%
TEMPEratUre FAN G @ «uoueue e e e e ee e e e e e aeeeaeas -40/+70 °C
peak temperature for working voltage < 64 V (12 hours
PEI 24 MO UTS) ettt et eeas 85 °C
peak voltage during 1 minute per hour: at +70 °C . . 1.125 x working voltage +0.5 V
at < +40 °C . . 1.25 x working voltage +0.5 V
climatic group NUM D e r ..o 40/70/56 (1EC)

Composition of the type number C436 ../ .

insulated : AR 4- » capacitance value (/«F)

p.w. version : CB 4- > voltage indication (V)

Example: The type number of a 12.5 F/150 V capacitor, insulated, is C436AR/K12.5
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CU36 series - ELECTROLYTIC CAPACITORS

SMALL TYPE, FOR HIGH AND LOW VOLTAGES

working . leakage ripple dissipation . type
sciine volgje capacitance currentl current2 factor impedance3 numl?er
(pF) (I*A) (mA) (tan 08) w suffix
00 2.5 500 65 200 0.35 2.0 A500
01 2.5 800 85 300 0.35 1.6 A800
02 2.5 1250 120 400 0.35 1.2 A1250
03 2.5 2000 180 550 0.35 1.0 A2000
00 4 400 75 200 0.3 2.0 B400
01 4 640 100 250 0.3 1.6 B640
02 4 1000 145 350 0.3 1.2 B1000
03 4 1600 215 500 0.3 1.0 B1600
00 6.4 320 85 200 0.25 2.0 C320
01 6.4 500 120 250 0.25 1.6 C500
02 6.4 800 180 350 0.25 1.2 Cc800
03 6.4 1250 265 500 0.25 1.0 C1250
00 10 250 100 200 0.20 2.0 D250
01 10 400 145 250 0.20 1.6 D400
02 10 640 215 350 0.20 1.2 D640
03 10 1000 325 500 0.20 1.0 D1000
00 16 160 100 150 0.15 2.0 E160
01 16 250 145 250 0.15 1.6 E250
02 16 400 215 300 0.15 1.2 E400
03 16 640 325 450 0.15 1.0 E640
00 25 100 100 125 0.15 2.0 F100
01 25 160 145 200 0.15 1.6 F160
02 25 250 215 250 0.15 1.2 F250
03 25 400 325 350 0.15 1.0 F400
00 40 64 100 125 0.1 2.0 G64
01 40 100 145 200 0.1 1.6 G100
02 40 160 215 250 0.1 1.2 G160
03 40 250 325 350 0.1 1.0 G250
00 64 40 100 100 0.1 2.0 H40
01 64 64 145 150 0.1 1.6 H64
02 64 100 215 200 0.1 1.2 H100
03 64 160 325 250 0.1 1.0 H160
00 100 20 85 50 0.15 6.4 J20
01 100 32 130 75 0.15 4.0 J32
02 100 50 180 100 0.15 2.5 J50
03 100 80 270 125 0.15 1.6 J8o
0 150 6.4 55 25 0.15 15.0 K6.4
00 150 12.5 85 50 0.15 8.0 K12.5
01 150 20 130 75 0.15 5.0 K20
02 150 32 180 100 0.15 3.0 K32
03 150 50 270 125 0.15 2.0 K50
00 200 10 85 25 0.15 8.0 L10
01 200 16 130 50 0.15 5.0 L16
02 200 25 180 75 0.15 3.0 L25
03 200 40 270 100 0.15 2.0 L40
0 250 4 55 25 0.15 20.0 M4
00 250 8 85 25 0.15 10.0 M8
01 250 12.5 130 50 0.15 6.4 M12.5
02 250 20 180 75 0.15 4.0 M20
03 250 32 270 100 0.15 2.5 M32
00 300 6.4 85 25 0.15 20.0 N6.4
01 300 10 130 50 0.15 15.0 N10
02 300 16 180 75 0.15 8.0 N16
03 300 25 270 100 0.15 5.0 N25
0 350 2.5 55 25 0.15 60.0 P2.5
00 350 5 85 25 0.15 30.0 P5
01 350 8 110 25 0.15 20.0 P8
02 350 12.5 160 50 0.15 15.0 P12.5
03 350 20 240 75 0.15 8.0 P20
00 400 4 85 25 0.15 45.0 Q4
01 400 6.4 110 25 0.15 30.0 Q6.4
02 400 10 160 50 0.15 20.0 Q10
03 400 16 240 75 0.15 12.5 Q16

1 Maximum leakage current at 20 °C after 5 minutes
1 Maximum permissible ripple current at 100 c/s
* Maximum impedance at 20 °C and 100 kc/s
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ELECTROLYTIC CAPACITORS - C436 series

SMALL TYPE, FOR HIGH AND LOW VOLTAGES

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table

Can size 01
T (°0)
Can size 02 Can size 03
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100

T (°C) T <»C)
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C433 series - ELECTROLYTIC' CAPACITORS

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

Due to the high working voltages and high
permissible temperature these capacitors
are suitable for use in power supplies of
tube equipment.
There are ten can sizes and three mechani-
cal versions.
(a) Capacitors with soldering terminals
acting as positive and negative terminals
either suspended in the wiring of the
equipment or fixed by means of a
bracket.
Capacitors in a can the edge of which is
provided with three or four twistable
terminals for fixing the capacitor and
acting as negative terminals. One or two
soldering tags on the seal serve as posi-
tive terminals.

(c) Printed-wiring capacitors. The can is
equipped with a built-in metallic base
which contains three or four soldering
terminals for the attachment and acting
as negative terminals. One or two pins
through the seal serve as positive ter-
minals.

b

-

These capacitors are not insulated. Insulat-
ed versions are available upon request.

Capacitors in can size 6 are also available in
can size 6T

= non-preferred type
C26
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ELECTROLYTIC CAPACITORS - C433 series

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

tolerance on capacitance: 4-64 V typPesS ...ccoeeieieiiinnennnnns —10/+50%
100-150 V typPesS..ccveueeeenenenannnns —10/+30%
TEMPErature FAN @ «oueuiu e et e e e e eaeeeeaanes —40/+70 °C
peak temperature (12 hours per 24 hours) for types < 64 V 85 °C
peak voltage during 1 minute per hour:
for types < 64 V, at FT70 % C et 1.125 X working voltage +0.5 V
at < 140 °C i s 1.25 x working voltage +0.5 V
for types > 64 V . 100 150 200 250 300 350 400 450 500V
peak VOltage . cooee i 110 170 225 280 340 395 450 500 550V
climatic group number 40/70/56 (IEC)

type indication

construction can size
4-64 V 100-500 V

soldering terminals 3 - BB

4 BF BB

5 BF BB

6 BF BB

twistable terminals 6T DF DB

DF DB

8 EF EB

9 EF EB

printed-wiring terminals 4 MF MB

5 MF MB

6T MF MB

A8 NF NB

9A NF NB

Composition of the type number C433.. /.
type indication < » capacitance value (/+)

see table
" voltage indication (V)

Example: The type number of a 50 ytF/350 V capacitor, p.w. version, non insulated, is C433MB/P50.
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C433 series - ELECTROLYTIC CAPACITORS

LARGE TYPE,

FOR HIGH AND LOW VOLTAGES

Capacitors with soldering terminals

Sizes 4, 5, 6

Capacitors with printed-wiring terminals

Sizes 4, 5
C28

D*

Sizes 3, 4,5, 6

Size 6T

Capacitors with twistable terminals

Dt

- P+3

7243501.c

Sizes 61, 7

Sizes 8A, 9A

Sizes 8, 9

Dimensions (mm)

can size

o o~ w

D

18
18
21
25
25
25
30
30
35
35

33
49
49
49
51
80
80
51
80
51



ELECTROLYTIC CAPACITORS - C433 series

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

Hole patterns for typas with printed-wiring terminals

7246878 7246875
N - S
v\ / \
Cu 7 \ ‘. S\
1 Ti V2
/ft'l 1 !
11 3
ky . A ! P >\ /
$ —- 7 \
\ > / /
. . \ < / \ k
Can size 4, single type, —_ K
3 p.w. terminals. Ti—r L
7246877 ! 1 111
s Can size 6T, single type, 3 p.w. Can size 6T, double type, 3 p.w.
kv terminals. terminals.
\ o<y
r 1
AT
\ ,
\\A, v _
>.s </ \ s
\
( v \ / \V
i 7> s
Can size 4, double type, 7 [ / A 1
3 p.w. terminals. i1 ! IS 1
T 1 1
7247Q35 1 or 7 T ]
- \ >1 K
_ s : \ /
\ A / il
v N f—
k \
17 A
LN tl 1 Can size 8A, single type, 4 p.w. Can size 8A, double type, 4 p.w.
K 11 ! terminals. terminals.
\ /
Can size 5, single type, | \
3 p.w. terminals. - 7
7246879 \ |
Ty A
" |
1
\ \
1 \ /l |
vV 1
L
Can size 9A, single type, 4 p.w. Can size 9A, double type, 4 p.w.
3 p.w. terminals. terminals. terminals.
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0*33 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

High voltage types, single version

working B leakage ripple . type
sciir:e voltage capacitance currentl current2 impedance3 number
) (yf) (mA) (mA) m suffix
4 100 100 0.33 250 1.25 J100
6 100 250 0.78 450 0.63 J250
6T 100 250 0.78 450 0.63 J250
7-8A 100 500 1.5 650 0.63 J500
4 150 64 0.33 200 1.5 K64
5 150 100 0.5 250 1.0 K100
7-8A 150 250 1.15 450 0.63 K250
8 150 500 2.3 650 0.63 K500
4 200 50 0.33 150 1.25 L50
6 200 100 0.63 300 0.75 L100
6T 200 100 0.63 300 0.75 L100
9A 200 250 1.5 450 0.63 L250
4 250 50 0.4 150 1.5 M50
5 250 64 0.5 200 1.25 M64
6 250 100 0.78 250 0.75 M100
6T 250 100 0.78 250 0.75 M100
8 250 250 1.9 450 0.63 M250
4 300 32 0.33 100 4.0 N32
5 300 50 0.5 200 2.5 N50
5 300 64 0.6 200 2.0 NG64
6 300 100 0.93 250 1.25 N100
6T 300 100 0.93 250 1.25 N100
8 300 250 2.3 450 0.63 N250
4 350 25 0.3 100 5.6 P25
4 350 32 0.36 100 4.5 P32
5 350 50 0.55 150 2.8 P50
6 350 64 0.7 200 2.3 P64
6T 350 64 0.7 200 2.3 P64
7-8A 350 100 1.1 250 1.38 P100
9 350 250 2.65 500 0.63 P250
4 400 25 0.33 100 7.0 Q25
5 400 32 0.41 150 5.6 Q32
6 400 50 0.63 200 3.5 Q50
6T 400 50 0.63 200 3.5 Q50
7-8A 400 64 0.8 200 2.8 Q64
7-8A 400 100 1.2 200 1.75 Q100
4 450 16 0.24 100 11.3 R16
5 450 25 0.36 100 7.0 R25
6 450 32 0.46 150 5.6 R32
6T 450 32 0.46 150 5.6 R32
7-8A 450 50 0.7 200 3.5 R50
7-8A 450 64 0.9 200 2.8 R64
8 450 100 1.3 200 1.75 R100
4 500 16 0.27 100 15.0 S16
5 500 25 0.4 100 10.0 S25
6 500 32 0.5 150 7.9 §32
6T 500 32 0.5 150 7.9 §32
7-8A 500 50 0.78 200 5.0 S50
8-9A 500 64 1.0 200 4.0 S64
9 500 100 1.5 300 2.5 S100

Dissipation factor (tan <) is 0.15 for all types.

1 Maximum leakage current at 20 °C after 5 minutes
2Maximum permissible rippie current at 100 c/s
" Maximum impedance at 20 °C and 100 kc/s
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High voltage types, double version
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Dissipation factor (tan () is 0.15 for all types.

1 Maximum leakage current at 20 °C after 5 minutes
2 Maximum permissible ripple current at 100 c/s
3Maximum impedance at 20 °C and 100 kc/s

- C433 series

FOR HIGH AND LOW VOLTAGES
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11.3

5.5
4.5
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2.75
1.25

14

11.2
7.0
7.0
5.50
3.50

23

1.2
1.2

5.50
3.50

62.5
30
20
15.6
15.6
10

type
number
suffix

J25+ 25
J50+ 50
J125+ 125
J125 + 125
J250 + 250

K32 + 32
K50 + 50
K125+ 125
K250 + 250

L16 + 16
L25+ 25
L50 + 50
L50 + 50
L125+ 125

M12.5+ 12.5
M25 + 25
M32 + 32
M50 + 50
M50 + 50
M125 + 125

N16 + 16
N25+ 25
N32 + 32
N50 + 50
N50 + 50
N125 + 125

P8+ 8
P12.5+ 12.5
P16+ 16
P25+ 25
P32+ 32
P32+ 32
P50 + 50
P125+ 125

Ql2.5+ 12.5
Q16 + 16
Q25+ 25
Q25+ 25
Q32+ 32
Q50 + 50

R8+ 8
R12.5+ 12.5
R16 + 16
R16 + 16
R25+ 25
R32 + 32
R50 + 50

S4+ 4

S8+ 8
S12.5+ 12.5
S16 + 16
S16 + 16
S25+ 25
S32 + 32
S50 + 50
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C433 series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

Low voltage types
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For footnotes see preceding pages.
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capa-

citance

(BF)
2000
3200
5000
5000
8000
10000
1600
2500
4000
4000
6400
8000
1250
2000
3200
3200
5000
6400
800
1250
2000
2000
3200
4000
500
800
1250
1250
2000
2500
320
500
800
800
1250
1600
200
320
500
500
800
1000

1000 + 1000
1600 + 1600
2500 + 2500
2500 + 2500
4000 + 4000
5000 + 5000

640+ 640
1000 + 1000
1600 + 1600
1600 + 1600
2500 + 2500
3200+ 3200

250+ 250
400+ 400

640+ 640

640+ 640
1000 + 1000
1250 + 1250

100+
160+
250+
250+
400+
500+

100
160
250
250
400
500

leakage

currentl

(mA)
0.27
0.4
0.63
0.63
1.00
1.25

.22
.50
77
77
.22
.55

ripple-

current2

(mA)
600
850

1000
1000
1300
1500
600
850
1000
1000
1300
1500
1600

i 850
1000
1000
1300
1500
500
700
1000
1000
1200
1300
450
650
850
850
1100
1200
450
650
800
800
1100
1200
400
500
800
800
1100
1200
2x300
2x425
2x500
2x500
2x750
2x750
2 x 300
2x425
2x500
2 x 500
2x650
2x750
2x225
2x325
2x425
2x425
2x550
2 x 600
2x200
2x250
2x400
2x400
2x550
2x600

OO0 O0O000O00000000000000000000000000000000000000000000000000O00000 00O

! impe-
! dance3

V)
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
0.63
0.40
0.25
0.25
0.15
0.15
2x1.25
2x0.8
2x0.5
2x0.5
2x0.3
2x0.3
2x1.25
2x0.8
2x0.5
2x0.5
2x0.3
2x0.3
2x1.25
2x0.8
2x0.5
2x0.5
2x0.3
2x0.3
2x1.25
2x0.8
2x0.5
2x0.5
2x0.3
2x0.3

type

num

ber

suffix

B20GO
B3200
B5000
B5000
B8000
B 10000
Cc1600
C2500
c4000
C4000
C6400
C8000
D1250
D2000
D3200
D3200
D5000
D6400
E800
E1250
E2000
E2000
E3200
E4000
F500
F800
F1250
F1250
F2000
F2500
G320
G500
G 800
G800
G1250
G 1600
H200
H320
H500
H 500
H 800
H 1000

B1000+1000
B1600 +1 600
B2500 + 2500
B2500 + 2500
B4000 + 4000
B5000 + 5000

D640

D1000
D1 600
D1600
D2500
D3200

+640

+1000
+ 1600
+ 1600
+ 2500
+ 3200

F250 +250
F400 +400
F640 +640
F640 +640
F1000+ 1000
F1250 + 1250

H100
H160
H250
H250
H 400
H500

+100
+160
+250
+250
+400
4-500



ELECTROLYTIC CAPACITORS - C433 series

LARGE TYPE, FOR HIGH AND LOW VOLTAGES

Impedance graphs
The impedance at e.g.100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the tables.

Can size K Can size 5 Can sizes 6, 6T

jCan size 5- 21* x49mm:

1= 320tiF/64 V

|12= 500HF/40 V

3= 800nF/25 V

4= 1250yiF/ 16 V

J |k U5= 2000txF/ 10 V
1-1 6=

7=

-40 -20

Can sizes 7, 8A Can sizes 8, 9A

40 60 80 100
-40 -20 20 40 60 80
T PC) T PC)

100
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C441 series - ELECTROLYTIC CAPACITORS

LARGE SCREW BASE TYPE, FOR HIGH VOLTAGES

These capacitors are used as smoothing capacitors in cases where a special design is required. They are
used as replacement types or for experimental work by the amateur and in laboratories.
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ELECTROLYTIC CAPACITORS - C441 series

LARGE SCREW BASE TYPES, FOR HIGH VOLTAGES

TOlEranCe ON CaAPACITANCE . .uue ettt ettt —10/+50%
L oL = T I = U 1o PP PPN —40/+ 70 °C
working voltage (V) 64 ' 100 150 200 :250 | 300 350 400 450

peak voltage at 70 °C (V) 72.5 115 175 230 i 290 ! 350 400 450 500

Single version

can working capacitance leakage ripple dissipation impedance3 type
size voltage currentl current2 factor number
) (t*F) (f'A) (mA) (tan § Q) suffix
1 500 25 530 140 0.15 2 S25C
2 450 50 700 200 0.15 3.5 R50C
Double version
. . dissip-
can working capaci'tance leakage ripple ation impedance3 type
size voltage currentl current2 factor number
. suffix
V) (pF) <pA) (mA) (tan 0) (0)
1 500 12.5+ 12.5 280 + 280 70+ 70 0.15 20 + 20 S12.5+ 12.5C
1 450 16 + 16 240 + 240 7%+ 75 0.15 11.2 + 11.2 R16 + 16C
1 400 25 + 25 330 + 330 100 + 100 0.15 7 + 7 Q25 + 25C
2 500 25 + 25 400 + 400 100 + 100 0.15 10 +10 S25 + 25C
3 500 32 + 32 500 + 500 100 + 100 0.15 8 + 8 S32 + 32C
1 200 50 + 50 330 + 330 150 + 150 0.15 1.5+ 1.5 L50 + 50C
1 300 50 + 50 500 + 500 125 + 125 0.15 25+ 25 N50 + 50C
2 400 50 + 50 630 + 630 100 + 100 0.15 3.5+ 3.5 Q50+ 50C
3 450 50 + 50 700 + 700 100 + 100 0.15 3.5+ 3.5 R50 + 50C
1 100 125 +125 350 + 350 300 + 300 0.15 12.5+ 1.25 J125+125C
1 64 250 + 250 500 + 500 400 + 400 0.10 0.5+ 0.5 H250 + 250C

1Maximum leakage current at 20 °C after 5 minutes
2 Maximum permissible ripple current at 100 c/s
3 Maximum impedance at 20 °C and 100 kc/s

Composition of the type number C441GR/. .C

> capacitance value (/«F)

> voltage indication (V)

Capacitors are delivered with a nut, insulating ring, and ring provided with a soldering lug.
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Special series - ELECTROLYTIC CAPACITORS

LARGE TYPE, FOR HIGH VOLTAGES

High ripple-current capacitors

The capacitors can stand extra high ripple currents. In the case of multiple versions, one section (the
one for the high ripple currents) has a separate cathode connection.

They are mainly used as smoothing capacitors in television receivers.

Special attention is drawn to the quadruple types which are ideal for the above application.

High discharge-current capacitors

For applications in which the capacitor is discharged periodically in short periods of time, special con-
struction measures have to be taken. A few types, designed for special purposes, are available.

Bipolar electrolytic capacitors

Contrary to normal electrolytic capacitors, bipolar capacitors may be loaded continuously with small
a.c. voltages or with reversed voltages for short periods of time. A d.c. voltage may be applied in either
direction. They are used e.g. in voltage-doubler circuits, in single-ended push-pull output stages or as
phasing capacitors with small a.c. motors.

Octal-base capacitors

In case a very quick replacement of the electrolytic capacitor should be possible, octal-base capacitors
are to be used.
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ELECTROLYTIC CAPACITORS - Special series

LARGE TYPE, FOR HIGH VOLTAGES

| D+3 L
Fig. 1 Fig. 2 Fig. 3 Fig. 4
. dimensions
type capacitance voltage construction (mm) type number
w W)
D H
200 300 fig. 2 35 80 AC5856/200
200 325 fig. 2 35 80 AC5858/200
50+ 50+ 50 300 fig. 3 30 80 AC5481/50+50+50
High 50+ 50+ 50 350 fig. 3 35 80 AC5482/50+50+50
ripple 100+ 50+ 50 300 fig. 3 35 80 AC5407/100+50+50
current 100+100+ 50 300 fig. 3 35 80 AC5853/100+100+50
100+ 100 300 fig. 3 35 80 AC5850/100+100
200+100+ 50+ 25 300 fig. 2 35 80 AC5862/A
200+100+ 50+ 25 300 fig. 3 35 80 AC5862/B
200+100+ 50+ 25 300 fig. 4 35 80 AC5862/C
50 450 fig. 3 30 80 AC5800/50
High 25 100 fig. 1 18 33 AC5801/25
discharge 50 100 fig. 1 18 49 AC5803/50
current 100 100 fig. 1 25 49 AC5805/100
500 40 fig. 3 25 51 AC5806/500
200 150 fig. 3 35 80 AC5953/200
200 150 fig. 2 35 80 AC5954/200
100 150 fig. 2 30 80 AC5953/100
Bipolar 100 15 fig. 2 18 33 AC5950/100
50 30 fig. 2 18 33 AC5951/50
50 350 fig. 2 30 80 AC5955/50
10 300/500 fig. 3 25 51 AC5900/10
14 80/400 fig. 3 25 51 AC5901/14
Octal base 50-1000 25-500 AC5000
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C428 series - ELECTROLYTIC CAPACITORS

SMALL LONG LIFE TYPE (Supersedes C427)

Maximum d.c. working voltage
This range of electrolytic capacitors has been

specially developed for industrial apparatus
where long service life and high reliability
are essential, e.g. computors, telecommuni-
cation and telephone equipment.

High grade materials, an extra reserve of
electrolyte and close quality control during
manufacture ensure that these capacitors
have a life expectancy far superior to normal
grade electrolytic capacitors.
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ELECTROLYTIC CAPACITORS - C428 series

SMALL LONG LIFE TYPE

Fig 1. Fig 2.
Dimensions (mm)
figure 1 figure 2
can size
d / D H S
1 8.3 22.5 11.3 30 10.16
2 10.5 22.5 12.9 31 10.16
3 10.5 30.5 12.9 39 10.16
13 30.5 15.3 39 10.16
4
tolerance ON CaPACITANCE ...ttt eas —10/+50%
TEMPEIATUIE FANMGE . untiein ettt e ettt ettt ettt e e ettt e e a e e e enenens —40/+70°C
peak voltage: during several h O U IS ..o 1.2 x working voltage
during several day S ..o 1.1 x working voltage
max. permissible alternating voltage at 50 and 100 C/S.....cciiiiieiinneinannnn 1.5 Vrms

climatic group NMUM D e . . et 40/70/56 (IEC)

Composition of the type number C428 ../ .

insulated : AR » capacitance value (//F)

p.w. version : CB » voltage indication (V)

Example: The type number ->fa 50 ytF/10 V capacitor, insulated, is C428AR/D50.
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0*28 series - ELECTROLYTIC CAPACITORS

SMALL LONG LIFE TYPE

working capa- leakage ripple dissipation impe-
sciine voltage citance currentl current2 factor dance3 typeSLn‘fuﬁr)r(\ber
) (pF) 0'A) (mA) (un ) (»>

1 4 25 6 15 0.20 6 B25
1 4 50 7 30 0.30 6 B50
2 4 80 8 20 0.30 4 B80
3 4 160 11.5 96 0.30 2 B160
4 4 320 18 192 0.30 1 B320
1 6.4 20 6.5 12 0.20 6 Cc20
1 6.4 40 7.5 24 0.25 6 c40
2 6.4 64 9 38 0.25 4 C64
3 6.4 125 13 76 0.25 2 C125
4 6.4 250 21 152 0.25 1 C250
1 10 16 6.5 10 0.15 6 D16
1 10 32 8 20 0.20 6 D32
2 10 50 10 32 0.20 4 D50
3 10 100 15 64 0.20 2 D100
4 10 200 25 128 0.20 1 D200
1 16 10 6.5 10 0.15 6 E10
1 16 20 8 20 0.15 6 E20
2 16 32 10 32 0.15 4 E32
3 16 64 15.5 64 0.15 2 E64
4 16 125 25 128 0.15 1 E125
1 25 6.4 6.5 10 0.10 6 F6.4
1 25 12.5 8 20 0.10 6 F12.5
2 25 20 10 32 0.10 4 F20
3 25 40 15 64 0.10 2 F40
4 25 80 25 128 0.10 1 F80
1 40 4 6.5 10 0.10 6 G4

1 40 8 8 20 0.10 6 G8

2 40 12.5 10 32 0.10 4 G12.5
3 40 15 25 64 0.10 2 G25
4 40 50 25 128 0.10 1 G50
1 64 2.5 6.5 10 0.10 6 H2.5
1 64 5 8 20 0.10 6 H5

2 64 8 10 32 0.10 4 H8

3 64 16 15.5 64 0.10 2 H16
4 64 32 25.5 128 0.10 1 H32

1 Maximum leakage current at 20 °C after 5 minutes
2 Maximum permissible ripple current at 100 c/s
* Maximum impedance at 20 °C and 100 kc/s

Typical curves of impedance,
measured at 20 °C, against fre-
quency.

10 5 10 5 10 5 103 5 10° 5 10s 5 106 5 107
frequency (c/s)
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ELECTROLYTIC CAPACITORS - C428 series
SMALL LONG LIFE TYPE
Impedance graphs

The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.

Cansize i-e*x22mm Can size 1 Can size 2
1= 2.5uF/ 64 V

Can size 3 Can size 4
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C432 series - ELECTROLYTIC

LARGE LONG LIFE TYPE

These high-capacitance, low-voltage capac-
itors, having a high quality, a long service
life and an extreme reliability, are suitable
for use as filter and energy-storage capac-
itors for the power supplies of professional
equipment, as for instance computers.

CAPACITORS

900
1000
1120
1250
1400
1600
1800
2000
2240
2500
2800
3150
3550
4000
4500
5000
5600
6300
7100
8000
9000
10000
11200
12500
14000
16000
18000
20000
22400
25000
28000
31500

Maximum d.c. working voltage

C
6.4

A/

D
10

E
16

F G

25 40

n- (
1
©
u
5

H J
64 100

Iy

CAN SIZE
35x86mm
35x 108mm
50 x 86mm
50 x 108mm



ELECTROLYTIC CAPACITORS - C432 series

LARGE LONG LIFE TYPE

peak voltage during 1 minute per hour: at + 70 °C.. ...t 1.15 x working voltage
at < + 40 °C.iiiiiiiiiiiiiiienns + 1.25 x working voltage
max. impedance at 100 KC/S. ...t OAQ
climatic group NUM D e . .. e 40/70/56 (IEC)
Composition of the type number C432 ../ .
insulated, with mounting base: MR e capacitance value (//F)
insulated: FR 4 » voltage indication (V)

Example:The type number of a 5000 /tF/16 V capacitor, insulated, is C432FR/E5000.

7716871

Series resistance of a 6.4-40 V capacitor as a Series resistance of a 64-100 V capacitor, as a
function of temperature. function of temperature.
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CUn series - ELECTROLYTIC CAPACITORS

LARGE LONG LIFE TYPE

working . leakage ripple dissipation

sciiré voltage capacitance currentl current2 factor type fnf}umber
(v) uv (mA) (A) (tan 0) suttix

11 6.4 10000 1.9 2.1 0.45 C10000
12 6.4 uooo 2.7 2.8 0.45 c14000
14 6.4 25000 4.8 3.2 0.45 C25000
15 6.4 31500 6.1 4.9 0.45 C31500
11 10 8000 2.4 2.1 0.35 D8000
12 10 11200 3.4 2.8 0.35 D11200
14 10 20000 6.0 3.2 0.35 D20000
15 10 25000 7.5 4.9 0.35 D25000
11 16 5000 2.4 2.1 0.25 E5000
12 16 7100 3.4 2.8 0.25 E7100
14 16 12500 6.0 3.2 0.35 E12500
15 16 16000 7.7 4.9 0.25 E16000
11 25 3150 2.4 2.1 0.15 F3150
12 25 4500 3.4 2.8 0.15 F4500
14 25 8000 6.0 3.2 0.15 F8000
15 25 10000 7.5 4.9 0.10 F10000
1 40 2240 2.7 2.1 0.10 G2240
12 40 3150 3.8 2.8 0.10 G3150
14 40 5600 6.7 3.2 0.10 G5600
15 40 7100 8.4 4.9 0.10 G7100
11 64 1400 2.7 1.1 0.10 H1400
12 64 2000 3.8 1.5 0.10 H2000
14 64 3550 6.7 2.2 0.10 H3550
15 64 4500 8.4 2.6 0.10 H4500
11 100 900 2.7 1.1 0.10 J900
12 100 1250 3.8 1.5 0.10 J1250
14 100 2240 6.7 2.2 0.10 J2240
15 100 2800 8.4 2.6 0.10 J2800

1 Maximum leakage current at 20 °C after 5 minutes
2 Maximum permissible ripple current at 100 c/s

7246867

Dissipation (W)
as a function of temperature.



ELECTROLYTIC CAPACITORS - C432 series

LARGE LONG LIFE TYPE

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

value at 20 °C and 100 kc/s is 0.1 Q.

Can size 11 Can size 12

“an size12=35*x108mm

1250tiF/100 V
2000"1F/ 64 V
3150nF/ 40 V
4500nF/ 25 V
v
i
v

IN
A swo
ORI

7100nF / 16
7= 11200tiF/ 10
14000MF / 6.4

6

-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
T (°0) T (°0)

Can size 14 Can size 15

-40 -20 © 20 40 60 80 100
T (°C)
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C415 series - ELECTROLYTIC CAPACITORS

SMALL SOLID ALUMINIUM TYPE

Solid electrolyte capacitors offer great
advantages over wet types as regards service
life, reliability, stability during life, tem-
perature range etc. They are therefore
preferable for all kinds of professional and
military equipment.

The C415-type is the only solid-electrolyte
aluminium capacitor available now.
Although its dimensions are larger than
those of solid tantalum types, the electrical
performance is almost the same.
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ELECTROLYTIC CAPACITORS - C415 series

Dimensions (mm)

insulated version

D L
3 6.6 14.5
4 6.6 21
5 8.3 21
6 10.3 21

tolerance on capacitance

0.6
0.6
0.6
0.8

SMALL SOLID ALUMINIUM TYPE

7.62
7.62
10.16

long-term stability ..o
TEMPEraAtUIe AN G E cuiuiuetii e e e et et e et et e e e e e e eeaeans

peak voltage during 1 minute per hour: at

Composition of the type number C415..1 .

insulated : AP <

p.w. version : CC <

)

)

p.w. version
L d
27.5 0.6
27.5 0.6
27.5 0.8
—10/+50%
1C<5%
-80/+85 °C

1.125 x working voltage +0.5 V
1.25 x working voltage +0.5 V

capacitance value (/+)

voltage indication (V)

Example: The type number of a 20//F/16 V capacitor, p.w. version, is C415CC/E20.
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C415 series - ELECTROLYTIC CAPACITORS

SMALL SOLID ALUMINIUM TYPE

Test specification

General

The capacitors considered have been subjected to extensive electrical, climatic and mechanical
tests. As no standard test specification for solid-electrolyte aluminium capacitors exists up till now, a
special specification has been made up from the severest tests that could be found in existing specifica-
tions. The most important tests are given below.

Life test

The capacitors are submitted to a 5000-hours life test at full voltage and a temperature of 85 °C. After
the test the capacitance, leakage current and impedance shall not exceed the values listed in columns
4, 5 and 8. (See table page C49).

The maximum change in capacitance shall not exceed 5% of the initial measurements. The leakage
current shall not exceed the initial leakage current requirements. The impedance shall not exceed the
initial requirements.

Moisture resistance

a. The capacitors are tested in accordance with test C, severity IV of IEC publication 68-2 (56 days at
40 °C and 90-95% r.h.).
After the test the capacitance, leakage current and impedance shall not exceed the values listed in
columns 4, 5 and 8. The change in capacitance shall not be more than 5% of the initial value,
d.c. leakage and impedance shall not exceed the initial requirements.

b. The capacitors are tested in accordance with method 106 of MIL-STD-202.
After the test the capacitance shall not change more than 5% of the initial value, d.c. leakage and
impedance shall not exceed the initial requirements.

Temperature and immersion cycling

The capacitors will withstand temperature and immersion cycling as per MIL-STD-202, Methods 102
and 104 respectively (including 5 cycles between —55°C and +125 °C). After these tests, the capaci-
tance shall not change more than 5% of the initial value, d.c. leakage and impedance shall not exceed
the initial requirements.

Charge and discharge

The capacitors may be charged and discharged unrestrictedly. In particular they may be submitted to
test 3.2.8 of the specification CCTU 02-10 of 15.11.1962. The capacitors are subjected to 106 cycles,
each cycle comprising a charge and discharge time of 0.5 sec., and an RC-time of 0.1 sec.

After the test the change in capacitance shall not exceed 3% of the initial value.

Storage

The capacitors may be stored for any length of time. After a storage of one year at a temperature
below 40 °C the change in capacitance shall not exceed 5% of the initial value, d.c. leakage and impe-
dance shall not exceed the initial requirements.
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section

can
size

CUAW OUAW OURW OUAW OGA®

(<3S IN Y

1 Maximum

3 Maximum

2

working
voltage

ISENININ

o000
ArBD

16
16
16
16

25
25
25
25

4

capacitance

0‘F)

16
32
64
100

12.

25
50
80

8
16
32
50

5
10
20
32

NP

-

oON oW
(LN N}

No s

ELECTROLYTIC CAPACITORS - C415 series

SMALL SOLID ALUMINIUM TYPE

5 6 7 8
leakage ripple dissipation impedance3 type number
currentl current2 factor w suffix
0‘A) M ) (tan O) +20°C 1— a0°C
12.5 4 0.15 2.5 10 B16
32 10 0.15 1.0 4 B32
64 20 0.15 0.5 2 B64
100 32 0.15 0.3 1.2 B100
12.5 4 0.15 2.5 10 Cc12.5
32 10 0.15 1.0 4 Cc25
64 20 0.15 0.5 2 C50
100 32 0.15 0.3 1.2 Cc80
12.5 4 0.1 2.5 10 D8
32 10 0.1 1.0 4 D16
64 20 0.1 0.5 2 D32
100 32 0.1 0.3 1.2 D50
12.5 4 0.1 2.5 10 ES
32 10 0.1 1.0 4 E10
64 20 0.1 0.5 2 E20
100 32 0.1 0.3 1.2 E32
12.5 4 0.1 2.5 10 F3.2
32 10 0.1 1.0 4 F6.4
64 20 0.1 0.5 2 F12.5
100 32 0.1 0.3 1.2 F20
12.5 4 0.1 2.5 10 G2
32 10 0.1 1.5 4 G4
64 20 0.1 0.75 2 G8
100 32 0.1 0.48 1.2 G12.5

leakage current at 20°C after 1 minute
2 Maximum permissible current at 100 c/s
impedance at 20 °C and 100 kc/s

Typical carve of capacitance

against temperature
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C415 series - ELECTROLYTIC CAPACITORS

SMALL SOLID ALUMINIUM TYPE

Typical curve of leakage current
against temperature

Typical curve of the impedance
against temperature



ELECTROLYTIC CAPACITORS - C415 series

SMALL SOLID ALUMINIUM TYPE

Typical curve
of the dissipation factor
as a function of frequency

frequency(c/s)

Typical curve

of the impedance,
measured at 20 °C,
against frequency

frequency (c/s)
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0*21 series - ELECTROLYTIC CAPACITORS

SOLID TANTALUM TYPE

Maximum d.c. working voltage
Solid electrolytic tantalum capacitors offer
great advantages over wet types as regards
service life, reliability, stability during life,
temperature range etc. Apart from this, very
small dimensions are achieved. They are
therefore preferable for all kinds of minia-
turised professional and military equipment.
C421 capacitors are conform MM-C26655B

Preferred types in told
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ELECTROLYTIC CAPACITORS - C421 series

SOLID TANTALUM TYPE

33+1 331

Dimensions (mm)

insulated version

can size
D / d
DT 1 3.42 7.8 0.5
DT 2 4.70 12.6 0.5
DT 3 7.35 18.0 0.63
DT 4 8.9 20.4 0.63

Construction

insulating sleevel solder, jteflon disc

neg-lead/
tant_alum tantalum manganese
tantalum slug-' weldjoint oxide slug dioxide
tolerance on capacitanCe........oooovieiiiiiiiinanenns +20% (10% on request)
temperature range with rated voltage............ —55/+85 °C
with derated voltage . . . . 125 °C
standard MIL specifications.......c.ccovieiiiiinnn... MIL-C 26655B, styles: CS 12/CS 13; MIL STD-202
permissible d.c. voltage peak voltagel
voltage W) v
indication N\
at 85 °C at 125 °C at 85 °C at 125 °C
B 6 4 8 5
C 10 7 12 9
D 15 10 17 12
E 20 13 23 16
F 35 20 41 24
1AC voltage superimposed.
Composition of the type number C421 AM /.
voltage indication (V) -4---——- -} capacitance value (,«F)

-p- capacitance tolerance

Example. The type number of a 15 /tF/20 V capacitor is C421AM/EP15.
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Cu2n series - ELECTROLYTIC CAPACITORS

SOLID TANTALUM TYPE

Test specification

Load test

After 2.000 hours of loading at 65 °C and the full rated voltage, the capacitance and leakage current are
measured acc. to MIL specs. The capacitance shall not have changed by more than 10% of the initial
value, the leakage current shall not exceed the listed value by more than 25%.

Shock and vibration
The capacitors shall withstand an 8-hour vibration test as per MIL-STD-202, method 204 test frequency
55-2,000 c/s.

Temperature and immersion cycling

After atemperature and immersion cycling test as per MIL-STD-202 (methods 102 and 104 respective-
ly) the capacitance, leakage current and dissipation factor are measured acc. to MIL specs. The capa-
citance shall not have changed by more than 5% of the initial value; the leakage current and the dissi-
pation factor shall not exceed the listed values.

Salt spray
After a test as per MIL-STD-202, method 101, the capacitors shall show no corrosion or harmful
effects.

Moisture resistance

After a test as per MIL-STD-202, method 106, the capacitance, leakage current and dissipation factor
are measured acc. to MIL specs. The capacitance shall not have changed by more than 5% of the initial
value; the leakage current and the dissipation factor shall not exceed the listed values.

50 100 200 500 1000

capacitance (pF)

1 2 5 10 20 50 too 200 500 >000p:, f

capacitance (pF) 1 o*

Fig. 2

Ripple current

The capacitors may be operated at asuperimposed a.c. ripple voltage, provided that this does not cause
the limit of the heat dissipation to be exceeded. This limit depends on the ripple frequency, ambient
temperature and capacitance.

The ripple current Ir,permissible at 25°C and 100c/s, is calculated from the equation Ir = 2¢fErC, where
f = the ripple frequency in c/s; Er = the ripple voltage (see graph 1); C = the capacitance in F.
The ripple voltage Er, permissible at any temperature T and frequency f, is calculated by means of the
graphs 1-2 and the equation Er = E10 x E2¥/Rr, where

Er = the ripple voltage at 25 °C and 100 c/s, see fig. 1.

Eioo the ripple voltage at T °C and 100 c/s, see fig. 1.

E2 = the ripple voltage at 25 °C and f c/s. see fig. 2.
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ELECTROLYTIC CAPACITORS - C421 series

SOLID TANTALUM TYPE

working . leakage .
can capacitance impedance2 type number
size voltage currentl suffix
i " </>F) m (0)
DT1 6 6.8 1 8.7 BP6.8
DT2 6 47 6 2.5 BP47
DT3 6 150 18 0.8 BP150
DT4 6 330 40 0.4 BP330
DT1 10 4.7 1 11.2 CP4.7
DT2 10 33 7 1.9 CP33
DT3 10 100 20 0.5 CP100
DT4 10 220 44 0.25 CP220
DT1 15 3.3 1 88 DP3.3
DT2 15 22 7 1.3 DP22
DT3 15 68 20 0.4 DP68
DT4 15 150 45 0.25 DP150
DT1 20 2.2 1 8.8 EP2.2
DT2 20 15 6 1.3 EP15
DT3 20 47 19 0.5 EP47
DT4 20 100 40 0.25 EP100
DT1 35 0.33 1 29 FPO.33
35 0.47 1 20 FPO.47
35 0.68 1 14 FPO.68
35 1 1 10 FP1
DT2 35 1.5 1 6.3 FP1.5
35 2.2 2 5 FP2.2
35 3.3 2 3.8 FP3,3
35 4.7 3 2.5 FP4.7
35 6.8 5 1.9 FP6.8
DT3 35 10 7 1 FP10
35 15 1 0.7 FP15
35 22 15 0.5 FP22
DT4 35 33 23 0.4 FP33
35 47 33 0.25 FP47

1 Maximum leakage current at 25 °C after 5 minutes
aMaximum impedance at 25 °C and 100 kc/s

Other capacitance values are available on request, provided acceptable quantities are ordered.
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C420 series - ELECTROLYTIC CAPACITORS

ULTRA SMALL WET TANTALUM TYPE

Maximum d.c. working voltage
Wet tantalum capacitors are the smallest

electrolytic capacitors with the highest CV-
product now available. These characteris-
tics are combined with excellent properties
and a good service life and reliability.

Typical applications are hearing-aids and
other very small transistorized equipment.
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ELECTROLYTIC CAPACITORS

Dimensions (mm)

can size d 1
NT1 1.8 5
NT2 2.3 7
NT3 3.3 9

Colour code

For example, a 0.64 /iF/25 V tantalum
capacitor is marked as follows:

grey (6.4 "F)
gold (x0.1)
green (25 V).

tolerance on capacitance.
temperature range

peak voltage during 1 minute per hour: at

Composition of the type number

- C420 series

ULTRA SMALL WET TANTALUM TYPE

colour

black
brown
red
orange
yellow
green
blue
violet
grey
white
silver
gold

55 °C
at < 30 °C

C420AN/ .

(Ca)
1
1.25

I
(multiplicand of 1)
1
10
100

—10/ + 100%
-40/+55 °C

1
W)

1.125 X working voltage +0.5 V
1.25 X working voltage+0.5 V

capacitance value (/<F)

voltage indication (V)

Example: The type number of a 10/<F/10 V capacitor is C420AN/D10
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C420 series - ELECTROLYTIC CAPACITORS

ULTRA SMALL WET TANTALUM TYPE

size

N = N = = N = W N

W N

Maximum leakage current at 20 °C after 5 minutes is 1 /(A for all types.

1 Maximum permissible ripple current at 100 c/s
2 Maximum impedance at 20 °C and 100 kc/s

C58

working
voltage

V)

INENEN
(LR RE

> >~

10
10
10

16
16
16

25
25
25

capacitance
0‘F)
6.4

16
40

[SENYEN
s o

=l
oo
S

ripple
currentl
(mA)

-
N o

dissipation
factor
(tan 6)

ococo
w NN
o

o oo
w N
(3]

ococo
NN
oo

o oo
RN
(5] (5]

impedance2

(W]
24

12
6

25
13
6

26
15
7

29
16
7

29
18
8

31
19
9

type number

suffix

A6.4
Al6
A40

B4
B10
B25

C2.5
C6.4
Cie

D1.6
D4
D10

El
E2.5
E6.4

F0.64
F1.6
F4



ELECTROLYTIC CAPACITORS - CMO series

ULTRA SMALL WET TANTALUM TYPE

Impedance graphs
The impedance at e.g. 100 kc/s rises at low temperatures, which has to be considered when choosing

a capacitor for a given application.
Typical impedance/temperature curves for the different can sizes are given below. The maximum

values at 20 °C and 100 kc/s are stated in the table.
Can size 3

Can size 1 Can size 2
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C280 series - METALLISED POLYESTER CAPACITORS

FLAT FOIL TYPE

Permissible overvoltage:

Special attention is drawn to the fact
that the allowed 40% overvoltage
for the C280AE range (250 V) per-
mits these capacitors to be employed
instead of previously used 400 V ca-
pacitors in anode and screen grid
circuits.

These capacitors are designed primarily for use as coupling and decoupling capacitors for electronic
circuits employing printed wiring.

Due to the almost negligible temperature dependency they offer in many cases essential advantages
over ceramic disc capacitors.

The dielectric material used in this range of capacitors is metallised polyethyleneterephtalate for the
250Vdc types and metallised polycarbonate for the 400Vdc and 630 Vdc types.

Specification. For specification and characteristics see pp. C66-C69.

Composition of the type number C280. ./

dielectric L) capacitance code
A = polyethyleneterephtalate (250 Vdc) — ) capacitance tolerance
C = polycarbonate (400 Vdc and 630 Vac) A= +10%
P= +20%

working voltage N —
E = 250 Vdc; F = 400 Vdc; G = 630 Vdc

Example: The type number of a 0.033/«F/400 V capacitor with a dielectric of polycarbonate, tolerance
+10%, is C280CF/A33K.
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METALLISED POLYESTER CAPACITORS - C280 series

VALUE INDICATION

colour

black
brown
red
orange
yellow
green
blue
violet
grey
white

© 00 N U WN

capacitance
w

0.010
0.015
0.022
0.033
0.047
0.068
0.10
0.15
0.22
0.33
0.47
0.68
1.0
1.5
2.2

104

© 00N U wN R O

capacitance
code

10K
15K
22K
33K
47K
68K
100K
150K
220K
330K
470K
680K
1M
1M5
2M2

+20%

+10%

250Vdc - C280AE/__

D

[T S B S

6.5
7.5
7
8.5
10.5
10.5
11.5
14

1st figure of capacitance value

2nd figure of capacitance value

250 vV

400 V

630V

8

12.5
12.5
12.5
12.5
12.5
17.5
17.5
22.5
22.5
22.5
30

30

30

H

10
10
10
11
12
11.5
12.5
13
14.5
16.5
16.5
20
22.5

multiplying factor

capacitance tolerance

working voltage

body colour

Dimensions (mm)

ifB =

12.5
17.5
22.5
30

FLAT FOIL TYPE

coo
@ o o

0.

= 10.2
15.2
20.3
27.9

ft

cooco
ww o

WO+

Temporary the lead length may be longer than
the specified length of 12 mm.

max. dimensions (mm)
400Vdc -

D

4
4
4.5
5.5
6.5
6
7
6.5
8

10

10

11

13

C280CF/...
8 H
12.5 10
12.5 10
12.5 10.5
12.5 11.5
12.5 12.5
17.5 12
17.5 13
22.5 13
22.5 14.5
22.5 16.5
30 16.5
30 20
30 22

630Vde-C280CG/...

D

4
5.5
6.5
6.5
7.5
6.5
8

10

10

11.5

13.5

8

12.5
12.5
12.5
17.5
17.5
22.5
22.5
22.5
30

30

30

H

10.5
11.5
12.5
12.5
13.5
13

14.5
16.5
16.5
20.5
22.5

Intermediate values according to the E12 range are available on request. The dimensions are identical to those of the
or +20%. The preferred

next higher value in the standard E6 range. The capacitance tolerance is either +10%
up to and including 0.22 /x? and +10% from 0.33 [xF onwards.

tolerance is +20%
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C281 series - METALLISED POLYESTER CAPACITORS

MOULDED TYPE

Permissible overvoltage:

Special attention is drawn to the fact
that the allowed 40% overvoltage
for the C281AB range (250 V) per-
mits these capacitors to be employed
instead of previously used 400 V ca-
pacitors in anode and screen grid
circuits.

These capacitors are designed for use as bypass and general-purpose capacitors in electronic equip-
ment, both in the entertainment field and for industrial purposes. The high permissible a.c. voltage
makes these types also appropriate for use as anti-interference capacitor in small electric appliances.
The throughout rectangular shape of these capacitors renders them most suitable for wobble-free
mounting on printed-wiring boards, either upright or level. The dielectric material used in this range
of capacitors is metallised polyethyleneterephtalate for the 250 Vac types and metallised polycarbonate
for the 400 Vuc and 630 VdCtypes.

Specification. For specification and characteristics see pp. C66-C69.

Composition of the type number c281 ../

dielectric ~ —1 L) capacitance code
A = polyethyleneterephtalate (250 Vdc and 400 Vdc)1 — ) capacitance tolerance
C — polycarbonate (400 Vdc)1 A= +10%
working voltage ~ — P= +20%

B = 250Vdc; D = 400 Vac

Example: The type number of a 2.2 ytF/250 V capacitor with a dielectric of polyethyleneterephtalate,
tolerance 20%, is C281AB/P2M2.

1Since the autumn of 1965 the Vdc series with polyethyleneterephtalate dielectric, type C281AD, has
been replaced by a new 400 Vdc series with polycarbonate dielectric, type C281CD, with greatly
reduced dimensions.
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capacitance

(iuF)

0.010
0.015
0.022
0.033
0.047
0.068
0.10
0.15
0.22
0.33
0.47
0.68
1.0
1.5
2.2

Intermediate values according to the E12 range are available on

METALLISED POLYESTER

capacitance

code

10K

22K
33K
47K
68K
100K
150K
220K
330K
470K
680K
1M
1M5
2M2

250Vdc-C281AB/...

A

8.7

8.7

9.4
10.4
10.4
11.5
11.5
12.8
14.4
14.6
19.5
22

7746839

Dimensions (mm)

8

4.7
4.7
5.5
6.5
6.5
7.6
7.4
8.7
10.4
10.4
12.4
15

at L =

L

14
14
14
14
17.5
17.5
23
23
23
30
30
30

14
17.5
23
30

c. so

40
40
50

max. dimensions (mm)

AOOVie - C281AD 1

A

8.7

9.4
10.4
10.4
11.5
11.5
12.8
14.4
14.6
16.4
18.4

to those of the next higher value in the standard E6 range.

The capacitance tolerance is either £+10% or £20%.
The preferred tolerance is +20%

1 See footnote p. C62.

8

4.7
5.5
6.5
6.5
7.6
7.4
8.7
10.4
10.4
12.4
14.5

L

14
14
14
17.5
17.5
2.3
23
23
30
30
30

CAPACITORS - C281 series

MOULDED TYPE

—
od

400Vdc-C281CD/...

A

8.7
8.7
8.7
9.4
10.4
10.4
11.5
11.5
12.8
14.4
14.6
19.5
22

indication of earth connection

B+0.1
A+0.1
d= 0.8
0.8
0.8
1.0
1
8 L
4.7 14
4.7 14
4.7 14
5.5 14
6.5 14
6.5 17.5
7.6 17.5
7.4 23
8.7 23
10.4 23
10.4 30
12.4 30
15 30

request. The dimensions are identical

up to and including 0.22 fiF and +10% from 0.33 fiF onwards.
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C296 series - POLYESTER CAPACITORS

TUBULAR FOIL TYPE

This capacitor is a very reliable general purpose capacitor for electronic circuits. It has found wide-
spread acceptance not only in the radio and television industry, but also in industrial electronics.
The dielectric is polyethyleneterephtalate foil.

Specification. For specification and characteristics see pp. C66-C69.

Composition of the type number C296A./A. y s

working voltage ------- 1 - » capacitance code
A = 160 V(ic = - » A= 10%
C = 400Vdc

Example: The type number of a 2200 pF/400 V capacitor is C296AC/A2K2.
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POLYESTER CAPACITORS - C296 series

. capacitance
capacitance

code
1000 pF 1K
1500 1K5
2200 2K2
3300 3K3
-4700 4K7
6800 6K8
0.010/<F 10K
0.015 15K
0.022 22K
0.033 33K
0.047 47K
0.068 68K
0.10 100K
0.15 150K
0.22 220K
0.33 330K
0.47 470K
0.68 680K
1.0 1M

TUBULAR FOIL TYPE

N

L+6

max. dimensions (mm)

160 Vdc

C296AA/A. ..

D

7.5
7.5
7.5
7.5

10.5
12
10
12
14
16
18.5

L

18
18
18
18
18
18
18
18
32
32
32
32
32

*08
>D $ t™ s
k__ |
400 V,c
C296AC/A...
D L
7.5 18
7.5 18
7.5 18
7.5 18
7.5 18
7.5 18
7.5 18
7.5 18
8.5 18
10 18
11.5 18
9.5 32
1 32
12.5 32
14.5 32
17 32
19.5 32

Intermediate values according to the E12 range are available on request. The dimensions are identical

to those of the next higher value in the standard E6 range.
The standard capacitance tolerance is £10%.
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POLYESTER CAPACITORS

SPECIFICATION

Type C 280

-40/+85°C

without derating up to 85 °C

250 Vdc types: 40%

400 Vdc and 630 Vac types: 25%

250 Vdc types: 160 Vac

400 Vdc types: 250 Vac

630 Vdc types: 300 Vac

250 Vdc types: page C69, fig. 7

400 Vdc types: page C69, fig. 8

630 Vdc types: for the time being the same as
for the 400 Vdc types

Working temperature range ...c..coeeeeveeenennsn
Working voltage ..coooeeeiiiiiiiiiiiieeas
Permissible overvoltage during 1 min. per hour

Permissible alternating voltage (50-60 c/s)

Permissible alternating voltage at other
frequencCies. .o

Maximum capacitance drift during life:

d.c. loaded. .o A C max £5%

a.C. loaded ..o for B= 125 mm: A C max = 25%
B= 175 mm:A C max = 20%
B= 225 mm:A C max = 15%

B=30 mm:A C max= 10%
Test voltage (d.c.) during 1 minute 2 x rated d.c. voltage
Breakdown voltage of encasing
Insulation resistance at 20°C:
for C ~ 0.33//F
for C > 0,33 /tF

Losses (tan 6) at 1 KC/S.......cevuenen

R~ 30.000 MQ

RCJs 10.000 sec.

250 Vdc types: ~ 75 x 10~4

400 Vdc and 630 Vdc types: ~ 30 x 10-4

Climatic group number
Pulse loads.....cccceiniiiiiiiiiinne.
Resonance frequency...................
Capacitance versus temperature

40/085/21 (IEC)

steepness < l0OV/ytsec
pageC69,fig.6
pageC68,fig.1:250Vdc types: curve |

400Vdc and 630Vdctypes: curve ll
Losses versus temperature pageC68,fig.2:250Vdc types: curve |

400Vdcand 630Vdc types: curve I
Insulation resistance versus temperature pageC68,fig.3: 250Vdc types: curve |

400Vdc and 630Vdctypes: curve Il
Capacitance versus frequency pageC68,fig.4
Losses versus frequency pageC69,fig.5:250Vdc types: curve |

400Vdc and 630Vdc types: curve Il
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—55/+85 °C

C 281

without derating up to 85 °C

250 Vdc types:
400 Vvdc types:
250 Vdc types:
400 Vdc types:

250 Vdc types:
400 Vdc types:

40%
25%
160 Vac
250 Vac

page C69, fig. 7
page C69, fig. 8

POLYESTER CAPACITORS

SPECIFICATION

C296

-40/+85 °C

without derating up to 85 °C

160 Vdc types: 90 Vac
400 Vdc types: 150 Vac

160 Vdc types:
400 Vdc types:

page C69, fig. 7
page C69, fig. 8

ZIC max + 3% z1C max + 5%
for L= 14 mm ZIC max = 25% ZIC max + 5%
L= 175 mmJC max = 20%
L= 23 mmzIC max = 15%
L= 30 mmZlC max = 10%

2 X rated d.c. voltage 2 X rated d.c. voltage

> 2500 Vac —

R > 30.000 Mft R > 50.000 MU
RC > 10.000 sec RC > 16.500 sec
250 Vdc and 400 Vdc types with polyethyleneterephtalate L 60 X 10-4

dielectric: ~ 75 X 10 4

400 Vdc types with polycarbonate dielectric: ~ 30 X 10-4

55/085/56 (IEC)

steepness < 10V/ytsec

page C69,fig.6

page C68, fig.1-250 Vdc and 400 Vdc types with polyethlene-
terephtalate dielectric: curve |
400 Vdc types with polycarbonate dielectric:
curve |l

page C68,fig. 2-250 Vde and 400 Vdc types with polyethlene-
terephtalate dielectric: curve 1
400 Vdc types with polycarbonate dielectric:
curve I

page C68, fig. 3-250 Vdc and 400 Vde types with polyethylene-
terephtalate dielectric: curve 1
400 Vdc types with polycarbonate dielectric:
curve |l

page C68, fig.4

page C69, fig.5- 250 Vdc and 400 VdC types with polyethylene-
terephtalate dielectric: curve 1
400 Vdc types with polycarbonate dielectric:
curve |l

40/085/21 (IEC)

page C69, fig. 6
page C68, fig. 1, curve 1

page C68, fig. 2, curve 1
page C68, fig. 3, curve |

page C68, fig. 4
page C69, fig. 5, curve |
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POLYESTER CAPACITORS

CHARACTERISTICS

Fig. 1
Capacitance
versus temperature

Fig. 2
Losses versus temperature
at 1 kc/s

300000
Mn

30000

Fig. 3
Insulation resistance
versus temperature

3000

Fig. 4
Capacitance
versus frequency
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POLYESTER CAPACITORS

CHARACTERISTICS

Fig. 5
Losses versus frequency

freq
Fig. 6
Resonance frequency
versus capacitance
at different total wire lengths.

Fig. 7

Permissible alternating voltage ver-
sus frequency for capacitors rated
250 V(jc (160 Vdc for the C296 series)

102 103 104 105f(c/s)

Fig. 8

Permissible alternating
voltage versus frequency
for capacitors rated

400 Vdc



532. series - PAPER CAPACITORS FOR DIRECT CURRENT

INSULATED TUBULAR TYPE

These capacitors are meant for special applications in radio and television circuits such as booster
capacitors.

working temperature range -25/+85 °C
test voltage during 1 minute............co. L type 5326/.. 1800 Vdc
type 5328/. . 3250 Vdc
insulation resistance at 20 © C ...........c... . for C ~ 20000 pF R i 25000 MU
for C > 20000 pF R CIi 500 sec
losses (tan 6) at 1 Kc/sS......ocoooiiininininne. < 80 x 10~4
at 50 €/ S.iiiiiiiii A A0 x 10-4
climatic group number.................. 25/085/21 (IEC)

Composition of the type number 532.
working voltage --------- 1 beoee » capacitance code
6 = 600 Vdc
8 1300 Vdc
capacitance tolerance -4-
A= +x10%
P= +20%

Example: The type number of a 2200 pF/600 V capacitor, tolerance 20%, is 5326P/2K2.
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PAPER CAPACITORS FOR DIRECT CURRENT - 532. series

INSULATED TUBULAR TYPE

indication of
earth connection

7246836

600 V,c-5326.7. 1300 Vd( -5328.7...
. capacitance standard max. dimensions standard max. dimensions
capacitance code capacitance (mm) capacitance (mm)
tolerance tolerance

(%) b L (%) b L
1000 pF 1K +20 12 35 +20 12 35
1500 1K5 +20 12 35 - - -
2200 2K2 +10/ + 20 12 35 +20 14 35
3300 3K3 + 10/+ 20 12 35 - — —
4700 4K7 + 10/+ 20 14 35 +20 16 35
6800 6K8 +10/+20 14 35 — - —
0.010 /<F 10K +10/+20 14 35 +20 18 35
0.015 15K +10/+20 16 35 - _ -
0.022 22K + 10/+ 20 16 35 +20 18 45
0.033 33K +10/+20 18 35 - - -
0.047 47K +10/+20 18 45 +20 21 55
0.068 68K + 10/+ 20 18 45 — — —
0.10 100K +10/ = 20 21 45 +20 24 55
0.15 150K +10/ £20 21 55 — - -
0.22 220K + 10/+ 20 24 55 — — —

On request 600 V<jc types with intermediate values according to the E12 series can be supplied.

Types the dimensions of which are given above the dividing lines have a wire diameter of 0.8 mm;
the other types have a wire diameter of 1 mm.
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C101/C102 series - PAPER CAPACITORS FOR DIRECT CURRENT

TUBULAR TYPE IN ALUMINIUM CASING

W W W W W W U W

These cylindrical capacitors with impregnated paper dielectric are used in a great variety of equip-
ment (e.g. measuring apparatus) and installations (e.g. for telecommunications) where severe demands
have to be met as regards quality, dependability and durability.

The extra-sealed version C102 is in accordance with R.C.S. specification 11, class H1. These capacitors
are thus excellently suited for use at high altitudes and under the most adverse climatic conditions.

—40/85 °C
above 40 °C derating 0.9% per °C

Wworking temperature ramn g @ ..o.eoeve e eieeieei e eaneaas
WOTKING VOITAG @ . e e

permissible alternating voltage (50-60 c/s)

180 Vdc types

130 Vac

350 Vdc types 220 Vac
700 Vdctypes 265 Vac
1000 Vdc types 330 Vac
maximum capacitance drift during life ................... AC< 5%
test voltage (d.c.) during 1 mi- 180 Vde types 530 Vdc
nute both between terminals 350 Vdc types 870 Vdc
and between interconnected 700 Vdc types 1470 Vdc
terminals and casing insulation 1000 Vdc types 1940 Vdc
resistance at 20 °C .....oiiiiiiiiiiiii e for C <1 0.33 //F R~ 6000 ME2
forC > 0.33fiF RC~” 2000 sec
losses (tan G at 1 KC/S.cuuuiiuiiniieiiiiiiiiieaeanen. forC ~ 0.1 /<F N 80 x 10-1
At 50 C/ S i for C > 0.1 yrF N 40 x 10-4

...... forC101 series

for C102 series

Composition of the type number cio1../

construction

A = non-insulated; C = insulated
working voltage
350 Vdc; C = 700 Vdc;

D = 1000 Vdc

A = 180 Vdc; B =

40/085/21 (IEC)
40/085/56 (IEC)

L) capacitance code

— )capacitance tolerance
P= +£20% for C < 3300 pF

A =

+10% for C ~

3300 pF

Example: The type number of a 8200pF/700 V capacitor, non-insulated, is C101AC/A8K2.

The same composition of the type number applies to the C102 series; however, the C102 version can

be supplied only as an insulated type.
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PAPER CAPACITORS FOR DIRECT CURRENT - C101/C102 series

C101 - Insulated or non-insulated

TUBULAR TYPE IN ALUMINIUM CASING

C102- Extra-sealed, insulated

Note. For the insulated types the dimensions D and L should be increased by 1.4 mm

capacitance

1000 pF
1200
1500
1800
2200
2700
3300
3900
4700
5600
6800
8200

0.010/iF
0.012

0.015
0.018
0.022

0.027

0.033
0.039
0.047
0.056
0.068
0.082
0.10
0.12
0.15
0.18
0.22
0.27
0.33
0.39
0.47
0.56
0.68
0.82
1

capacitance

1K

1K2
1K5
1K8
2K2
2K7
3K3
3K9
4K7
5K6
6K8
8K2

10K
12K

15K.
18K
22K.

27K

33K
39K
47K
56K
68K
82K
100K
120K
150K
180K
220K
270K
330K
390K
470K
560K
680K
820K.
1M

180 7dc

D L
7.6 26

7.6 26
11.1 26
111 26
111 33
111 33
111 33
15.9 33
15.9 33
19.2 33
19.2 33
15.9 53
15.9 53
19.2 53
19.2 53
25.6 53

dimensions in mm

350 7dc

111
111

11.1
11.1

15.9
15.9
19.2
19.2
15.9
15.9

19.2
19.2
25.6
25.6

26
26

33
33

33
33
33
33
53
53
53
53
53
53

700 ydc
D L
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
7.6 26
11.1 26
11.1 26
11.1 33
11.1 33
15.9 33
15.9 33
19.2 33
19.2 33
15.9 53
15.9 53
19.2 53
19.2 53
25.6 53
25.6 53

1000 vdc

D L
11.1 26
111 26
111 26
111 26
111 26
111 26
111 26
111 26
111 26
111 26
111 26
11.1 26
111 26
111 26
111 33
111 33
111 33
15.9 33
15.9 33
15.9 33
15.9 33
15.9 33
19.2 33
19.2 33
15.9 53
15.9 33
19.2 53
19.2 53
19.2 53
25.6 53
25.6 53
25.6 53

All types the dimensions of which are given below the dividing lines, are wound with extended foils and are also

suitable for low working voltages (smaller than 1 mV).
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826.. series - PAPER CAPACITORS FOR DIRECT CURRENT

TUBULAR TYPE IN CERAMIC CASING FOR HIGH VOLTAGES

These capacitors are intended for high-voltage d.c. applications. Due to their hermetic sealing they are
proof against atmospheric influences for an indefinite length of time. They are suited for use at high
altitudes, as well as in polar and tropical regions.

The earthing end of the capacitor is marked with a silver-coloured dot (A in the dimensional drawing).

tolerance on capacitanCe.......cooeviiiiiiiiiiiiiiiiiiiieaens +10%
working temperature ran g e ....ocooeieeieiiiiiiieniiiiaeanen —40/+70°C
WOrking voltage ...c.oooeeiiiiiiiiii et ... above 40 °C to be derated by 0.9% per °C
permissible alternating voltage (50/60 €/ S) .c.ccveeueennnn. 33% of working voltage
maximum capacitance drift during life . AC< 2%
test voltage during 1 minute............. 2.25 x max. working voltage
insulation resistance at 20 ° C ............ R~ 20.000 MQ
losses (tan d) at 1 kc/s, for C < 0.1 /iF < 80 x 10-4
at 50 c/s, for C Js 0.1 [iF < 40 x 10~4
climatic group number ...l 40/070/56 (IEC)

Composition of the type number 826. .A/. ...

» capacitance code
code for capacitor length: » working voltage:
3L ifL= 28 mm N = 2000 Vdc
32ifL= 48 mm M = 4000 Vdc
48 if L= 71 mm R = 6000 Vde
49 if L= 91 mm U = 8000 Vdc
50 if L = 116 mm L = 10000 Vdc

51 if L = 131 mm

52 if L = 171 mm

53 if L = 216 mm

Example: The type number of a 2200pF/2000V capacitor with a length of 28 mm is 82631A/N2K2
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Fig. 1

capacitance

470 pF
680
1000
1500
2200
3300
4700
6800

0.01 ,,F
0.015

0.022
0.033
0.047
0.068
0.10

PAPER CAPACITORS FOR DIRECT CURRENT - 826. .series

TUBULAR TYPE IN CERAMIC CASING FOR HIGH VOLTAGES

capacitance

code

470E

680E
1K
1K5
2K2

3K3
4K7
6K8

10K
15K

22K
33K
47K
68K
100K

2000 Vdc
D L
11.4 28
11.4 28
11.4 28
11.4 28
11.4 28
11.4 28
17.7 28
17.7 28
21.8 28
21.8 28
27.4 28
21.8 48
21.8 48
27.4 48
34.8 48

These capacitors are available in two types:

(a) with axial connecting wires (fig. 1); the dimensions are given above the dividing lines;
(b) with connecting lugs (fig. 2); the dimensions below those lines pertain to this type.

Fig. 2

max. dimensions (mm)

4000 Vdc
D L
11.4 48
11.4 48
11.4 48
11.4 48
17.7 48
17.7 48
17.7 48
21.8 48
27.4 48
34.8 48
21.8 91
27.4 91
34.8 91
43 91
53.4 91

6000 Vdc
D L
11.4 71
11.4 71
11.4 71
17.7 71
17.7 71
21.8 71
21.8 71
27.4 71
34.8 71
21.8 131
274 131
34.8 131
43 131
53.4 131
53.4 131

8000 Vdc
D L
11.4 91
11.4 91
17.7 91
17.7 91
17.7 91
21.8 91
27.4 91
34.8 91
21.8 171
274 171
34.8 171
43 171
43 171
53.4 171

10000 Vdc
D L
11.4 116
11.4 116
17.7 116
17.7 116
21.8 116
27.4 116
27.4 116
21.8 216
27.4 216
27.4 216
34.8 216
43 216
53.4 216
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Cl 13 series - PAPER CAPACITORS FOR DIRECT CURRENT

BOX TYPE FOR TELEPHONY

These capacitors are designed and especially shaped for multiple assembly in the bays of standard Euro-
pean.telephone exchanges, where they are intended for general purposes.

tolerance on capacitance..........c.cooooiiiiiiiiinnnn. +10%
working temperature range .........coceeieieiiaansn -40/+ 70 °C
working voltage........cooooiiiiiiiii 250V ; above 40 °C to be derated by 0.9% per °C
maximum capacitance drift during life ................ ACcj 5%
test voltage during 1 minute:......c.ccoooiiiiiieinan...
(a) between terminals............oooii 2.5 x working voltage
(b) for multiple-section types between sections . . 2.5 X working voltage
(c) between interconnected terminals and casing . 1000 Vdc
insulation resistance at 20 ° C ............ccoiiiiiannn. RC~™ 2.000 sec
losses (tan S) at 1 KC/ S .cuiimiiiiiiiiiiiiiiiieieeaens < 60 x 10-4
climatic group number ... 40/070/21 (1EC)
dimensions
30 capacitance A type number
(mm)
r 50000 pF 10 £ 05 C113AA/A50K
i 0.1 /IF 10 £ 05 /A100K
0.25 10 £ 05 /A250K
0.4 10 £ 05 /A400K
0.5 10 £ 05 /A500K
o & 0.8 10 + 0.5 /A800K
=< E 1 10 + 05 IAIM
E 2 20 £ 0.5 IA2M
4 35 + 05 IAAM
6 45 + 0.5 /|A6M
2 x 0.25 10 £ 0.5 /A2 x 250K
. anl 2x 05 10 £ 05 A2 x 500K
2x1 20 £ 0.5 /A2 x 1M
2x2 35 + 05 /A2 x 2M
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PAPER CAPACITORS FOR DIRECT CURRENT - 8228. series

RECTANGULAR BOX TYPE

These capacitors are suitable for apparatus and installations on which the severest demands are im-
posed such as stationary and mobile telecommunication installations and measuring apparatus (e.g.
for coupling, decoupling and smoothing in transmitters and amplifiers, as separating capacitors in filter

circuits and suchlike).

tolerance on CapaCitanCe ... .oociuiieiiiiiiiiiiii i
working temperature range ...
WOTrKing VOItage ..o
permissible alternating voltage (50-60 c/s) . 250 Vac types
500 V,jC types
1000 Vac types
2000 Vac types
3400 Vdctypes
maximum capacitance drift during life ........................
test voltage during 1 minute:
(a) between terminals......c..cooeoiiiiiatn 250 Vac types
500 Vdc types
1000 Vac types
2000 Vac types
3400 Vac types
(b) between interconnected terminals and casing............
insulation resistance at 20 ° C ................ for C < 0.2 fiE
for C > 0.2/iF
10sses (tan G at 50 €/ S cuuenuinninie it aees
climatic group number e

Composition of the type number 8228.A/. ...

code for construction e
0 = fig. 2, height 50 mm
2 = fig. 2, height 125 mm
3 = fig. 3, height 50 mm
5 = fig. 3, height 125 mm
= fig. 4, height 125 mm

+10%
—40/+70 °C

above 40 °C to be derated by 0.9%

175 Vac
250 Vac
330 Vac
484 Vac
825 Vac
AC <5%

650 Vac
1300 Vac
1940 Vdc
3500 Vac
5400 Vac

4 x Vnom (min. 2800 Vac)

R > 10000 Mn
RC > 2000 sec
< 40 X 10-4

40/070/56 (IEC)

capacitance code
working voltage

C = 250Vdc
E = 500 Vdc
V = 1000 Vdo
M = 2000 Vdc
S = 3400 Vac

per °C

Example: The type number of a 3 /tF/1000V capacitor with a height of 125 mm according to fig. 3,

is 82285A/V3M.
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8228. series - PAPER CAPACITORS FOR DIRECT CURRENT

RECTANGULAR BOX TYPE

capacitance

C78

0%)

0.1
0.12
0.16
0.2
0.25
0.3
0.4
0.5
0.6
0.8
1
1.2

capacitance
code

100K
120K
160K
200K
250K
300K
400K
500K
600K
800K
M
M2
1M6
2M
2M5
3M
4M
5M
6M
8M
10M
12M
16M
20M
25M

fige

A AN NNONNONNMNNNONNNNRNN

A

15
20
20
25
30
40
45
55
30
35
45
55
75
90

* 7.5 mm when A (fig. 1) = 15 mm

construction and dimensions (mm)

250 VAc
H

50
50
50
50
50
50
50
50
125
125
125
125
125
125

14
14
14
14
14
14
14
14
11.5
11.5
11.5
11.5
17.5
17.5

fig-

AR PPN NONNMNNMNNNMNNNNNODNODNDN

A

15
20
20
25
30
40
45
60
30
35
45
55
75
90
120

500 VAc
H

50
50
50
50
50
50
50
50
125
125
125
125
125
125
125

14
14
14
14
14
14
14
14
11.5
11.5
11.5
11.5
17.5
17.5
17.5



PAPER CAPACITORS FOR DIRECT CURRENT - 8228. series

ril

* 7.5 mm when A (fig. 1) =

1000 Vdc

fig- A H
3 15 50
3 15 50
3 20 50
3 25 50
3 30 50
3 35 50
3 45 50
3 50 50
3 60 50
3 30 125
3 40 125
3 45 125
3 55 125
4 75 125
4 90 125
4 105 125

If desired use can be made of mounting brackets as illustrated in fig. 5:

Fig. 3

construction and dimensions (mm)

h fig-

12
12
12
12
12
12
12
12
12
9.5
9.5
9.5
9.5
17.5
17.5
17.5

15 mm

w

A DD WWWWWWWWWWWwWwwWwww

2000 Vdc
A H

15 50
15 50
15 50
20 50
20 50
25 50
30 50
35 50
40 50
50 50
25 125
25 125
35 125
45 125
50 125
60 125
90 125
105 125
120 125

h

16
16
16
16
16
16
16
16
16
16
13.5
13.5
13.5
13.5
13.5
13.5
21.5
21.5
21.5

fig-

w

A DA D WWWWWWWWWW

RECTANGULAR BOX TYPE

3400 Vac
A H
25 50
25 50
35 50
45 50
55 50
60 50
25 125
35 125
35 125
50 125
60 125
75 125
90 125

120 125

two if A (fig. 1)

four if A is 60 mm or larger. The type numbers of the mounting brackets are:
88480/00 for H (fig. 1) = 50 mm,
Two wires of max. 0.75 sqg.mm can be connected to each soldering tag in the case

of max. 1.5 sq.mm in the case of ceramic lead-ins.

88480/02 for H (fig. 1) =

125 mm.

capacitance

21

21
21
21
21
18.5
18.5
18.5
18.5
18.5
26.5
26.5
26.5

is smaller than

code

100K
120K
160K
200K
250K
300K
400K
500K
600K
800K
M
M
M
2M
2M
3M
4M
5M
6M
8M
10M
12M
16M
20M
25M

60

2
6

5

mm,

ofglasslead-ins,and twowires
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PAPER CAPACITORS FOR DIRECT CURRENT

HIGH-VOLTAGE TYPE FOR SMOOTHING PURPOSES

Cc80

These capacitors are designed for smoothing high direct voltages
but they have also an extensive field of application as coupling
and decoupling capacitors. They are proof against atmospheric
influences.

tolerance on capacitance.....cooceeeieeienncnnen. +10%
working temperature range ......c.cceevieiennsn —40/+70%
working voltage ...ooooviiiiiiiiiiiieens above 40 °C to be
derated by 0.9%
per °C
max. capacitance drift during life . . . . . . AC”™ 5%
test voltage during 1 minute:
(a) across the terminals.......cooceeieiiiianns see table
(b) between interconnected terminals and 2.5 x working
(o B 1 I TP voltage
insulation resistance at 20 °C...................... RC ~ 2000 sec
losses (tan 6) at 50 C/S...cueiuinineiiiiieieenenns N 40 x 10~4

Test voltage across the terminals

type 82570.7... type 178../179..
working test working test
voltage voltage voltage voltage

(kV) (kv) (kV) (kV)
2 4.2 8 17
2.7 4.5 9.5 20
3.4 5.4 11 23
4.4 8.4 13.5 28.5
5.5 9 16 34
6.6 11 20 45.5
24 53
27 57



PAPER CAPACITORS FOR DIRECT CURRENT

HIGH-VOLTAGE TYPE FOR SMOOTHING PURPOSES

max. capac-
voltage itance weight type number
m (F)y  (mm)  (kg)
2 8 95 2.4 82570A/N8M
2.7 4 95 2.4 82570A/H4M
6 95 2.4 82570A/H6M
8 125 3.2 82570A/H8M
3.4 4 125 3.2 82570A/54M
6 210 4.8 82570A/S6M
8 260 5.7 82570A/S8M
4.4 1 65 1.6 82570A/W1 M
2 95 2.4 82570A/W2M
4 210 4.8 82570A/W4M Type 82570./...
6 310 7.8 82570A/W6M
8 410 9.2 82570A/W8M
5.5 1 95 2.4 82570A/X1 M
2 125 3.2 82570A/X2M
4 310 7.8 82570A/X4M
6 410 9.2 82570A/X6M
8 510 11.4 82570A/X8M
6.6 1 125 3.2 82570A/Z1M
2 260 5.7 82570A/Z2M
4 460 10.4 82570A/Z4M
6 610 13.8 82570A/Z6M

Type 178. ./179..
See table on next page.



PAPER CAPACITORS FOR DIRECT CURRENT

HIGH-VOLTAGE TYPE FOR SMOOTHING PURPOSES

max. voltage
(kv)

c82

9.5

11

16

20

24

27

capacitance

)

© o> N © o > N

0 o X N

200
200
300
300
400

200
300
300
400
500

200
300
300
400
500

200
300
400
400
400

300
300
400
400
400

300
400
500
500

400
400
600
600

400
500
600
750

max. dimensions (mm)

8

300
300
350
350
400

300
300
450
450
500

300
300
400
400
500

350
350
350
400
600

300
350
350
400
600

400
450
500
600

350
600
600
700

450
600
600
800

| H

470
470
470
470
470

470
470
470
470
470

640
640
640
640
640

750
750

750
750
750
750

750
750
750
750

200
200
230
230
270

200
200
330
330

200
200
370
270
330

230
230
230
270
430

200
230
230
270
480

270
330
330
430

230
430
430
500

330
430
430
560

weight
(kg)

43
43
75
75
120

43
65
95
130
175

64
90
120
160
240

75
120
160
180
250

100
130
180
200
300

150
200
240
320

160
250
350
420

200
320
350
600

type
number

17812
17814
17816
17818
17819

17832
17834
17836
17838
17839

17852
17854
17856
17858
17859

17872
17874
17876
17878
17879

17892
17894
17896
17898
17899

17932
17934
17936
17938

17952
17954
17956
17958

17972
17974
17976
17978



PAPER CAPACITORS FOR DIRECT CURRENT

HIGH-VOLTAGE TYPE IN INSULATED CASING

These high-tension capaci-
tors are used e.g. in appara-
tus for X-ray research, nuc-
lear research and testing of
high-voltage installations. In
these applications the capaci-
tors may be charged either
continuously by a direct cur-
rent (e.g. in a cascade genera-
tor) or only during a short
period of time and then dis-
charged again (e.g. in a pulse
generator). Various other
modes of operation are
possible.

Types and construction

In view of the many charging conditions which have to be covered, the capacitors are classified into

three groups:

(a) for continuous d.c. operation;

(b) for intermittent d.c. operation (30% averaged over 24 hours);

(c) for surge operation (the maximum direct voltage is applied only for short periods, in the order of
minutes or even less).

The paper dielectric has been chosen so as to combine optimum performance under the relevant opera-
ting conditions with minimum dimensions and low price.

The casing is composed of a high-grade synthetic pot enlarged, if necessary by a number of rings screwed
onto this pot to obtain the total volume required.

The top is closed by a cast-iron cover which is connected to one side of the capacitor element, the other
connecting terminal being present in the centre of the bottom. For some types the pot and extension
rings are provided with flanges of the same material so that the distance between the two terminals is
increased and a higher working voltage can be applied. There are two standard diameters of the casing.

tolerance ON CaAPACITANCE ... it eas +10%
test voltage:
types for continuous operation during 1sec ......... 25 X workingvoltage

types for intermittent operation during 30 minutes 1.5 X workingvoltage
types for surge operation during 10 M iNUEeS...o.oii it 1.2 X workingvoltage
insulation resistance at 25 ° C .....cociieiiiinnn... et eeeeeeeeaaeaaaas RC ~ 2000 sec

Cc83



PAPER CAPACITORS FOR DIRECT CURRENT

HIGH-VOLTAGE TYPE IN INSULATED CASING

0307 04-60

0178 *290

7246830 7246831 7216829

Fig. 1 Fig. 2 Fig. 3 Fig. 4

In the following table the maximum permissible direct voltage and the maximum static energy content
expressed in terms of joules are given for the various combinations of pot and rings either with or
without flanges and for the three different modes of operation.

max. output for the different types (Wsec) .

i number construction ) .
working § according dlmeAnsmns (H)
voltage continuous intermittent surge 0 i in mm

(kv) operation operation operation rngs to fig.
20 15 50 65 1 1 145
30 15 50 65 1 2 145
45 40 135 200 2 1 255
60 40 135 200 2 2 255
60 155 525 760 1 3 245
75 60 220 300 3 1 365
75 155 525 760 1 4 245
100 60 220 300 3 2 365
100 80 310 400 4 1 475
120 320 1100 1850 2 3 465
150 80 310 400 4 2 475
150 100 400 500 5 1 585
150 320 1100 1850 2 4 465
180 530 1800 2800 3 3 685
200 100 400 500 5 2 585
200 120 500 600 6 1 695
225 530 1800 2800 3 4 685
250 120 500 600 6 2 695
250 140 590 700 7 1 805
300 140 590 700 7 2 805

The static energy content is calculated in joules as:
iCU 2 where C = capacitance in microfarads
U = direct working voltage in kilovolts.

The table serves only as a guidance to illustrate the possibilities of this high-voltage capacitor programme.
Quotations can be made only if full details of the requirements are stated, viz.:
1. capacitance;
2. maximum working voltage;
3. maximum temperature if higher than 40 °C;
4. mode of operation (unless continuous d.c. operation is required):
A. for intermittent d.c. operation; average number of operating hours per day;
B. for surge operation: a. discharge time or discharge frequency; b. repetition frequency;
5. any other information that may be of value for the design of the capacitor.
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PAPER CAPACITORS FOR DIRECT CURRENT - B8 002. .series

TYPE FOR INTERFERENCE SUPPRESSION

IN MOTOR CARS

These tropic proof metallised paper capacitors have been developed for suppressing interference from

various electrical car accessories.

Because of the feed-through type of construction, the inductance of these capacitors is very low as is
required for use in short-wave and f.m. car radios.
The capacitors consist of a low-inductively wound and impregnated strip of paper upon which a very
thin film of metal has been deposited. It is contained in a cylindrical aluminium can (A) having a hollow
screw-base with a mounting nut (B). Both ends of the can are sealed with an impermeable layer of
synthetic resin, and provided with aterminal nut (C) and a spring washer.

working temperature range

working voltage: at AO °C
at 85 °C
beyond AO °C
test voltage during 1 minute
losses (tan d) at 50 c/s

type number........ocooiiiat

capacitance............ (/<F)
insulation resistance . (Mfl)
R at 100 Mc/s . . . . (ft)
X at 100 Mc/s . . . . Q)
weight ...l (@
o (mm)
D s (mm)

mounting bracket

B800203 B800202

~ 0.5 N2
~ 4000 >1000
<0.3 <0.5
<2.5 <3.3
36 64

AT. 60

21 23

B1 02006 B1 02007

Impedance at 100 Mc/s can be calculated from the
series resistance R and the reactance X given in the

table.

-A01+85 °C
(temporarily up to + 100°C)

500 Vdc
300 Vdc

to be derated by 0.9% per °C

1000 Vdc
A0 x 10-4
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PAPER CAPACITORS FOR ALTERNATING CURRENT

TYPE FOR INTERFERENCE SUPPRESSION IN ELECTRICAL APPLIANCES

These capacitors are widely used for eliminating radio and television interferences, caused by small
motor-operated tools, household appliances such as vacuum cleaners, washers, refrigerators, kitchen-
aids, and by gas-discharge lamps.

tolerance on CapaCitanCe......iiciciiie i —10/+20% (type 62931+20% for C2)
working temperature ran g e ..ooooeeeeieieenaieiieiieieaeeaens 70 °C
WOTKING VOITAGE .. 250 Vac

70 Vac(only for type 7350)

capacitance TT v TCK* w i
c, C. type number i
(f*F) (PF) co
01 5000 62 931 5573
0.1 3000 5573
0.05 2500 5571 r- rp—Hl— i WAPM—
0.5 - 7 350
0.2 5575 5575 JL
0.2 10 000 5568 50
5571
! 1

=}=C2 c! c2"=

50
5575

50
5563
C86



PAPER CAPACITORS FOR ALTERNATING CURRENT

C120/C124/C125 series - BO X TYPE

These capacitors are specially designed for ballasts of luminous-discharge lamps but are also extensively
used with single-phase asynchronous motors, and for power-factor correction in low-power devices.
They represent the latest stage in the development of paper capacitors in all-metal cans for low a.c.

powers

working temperature range: for C120/124 series
for C125 series

WOrking voltage ....cooe oo

working frequency.

maximum capacitance drift during life
test voltage during 1 minute:
(a) between the terminals.....
(b) between terminals and can
insulation resistance at 20 °C: between terminals...................
between terminals and can

losses (tan ) at 50 ¢/ s

Type Approvals

—20/+ 80 °C

-20/+70 °C

max. 1.1 x Vnom

40-60 c/s; beyond 50 c/s Vnom

or working temperature should
be derated by 10% or 10 °C resp.
ZIC max £ 5%

243 Ynom

2500 Vac or 3500 Vdc
R~ 12000 MQ
RC~ 2000 sec

N 50 x 10-4

A large part of our capacitor programme has been approved by official testing institutes:

Belgium - CEBEC
Denmark - DEMKO
Germany - VDE

Norway - NEMKO
Sweden - SEMKO

Switzerland - SEV

Besides, our capacitors comply with the British BSI specification, and the relevant IEC and CEE re-

commendations. If required, detailed information is available.
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PAPER CAPACITORS FOR ALTERNATING CURRENT

250 V BOX TYPE - C120/C124/C125 series

Dimensions (mm)

a ! b c
size | 26 43 18
size |l 38 55 22
size I 57 75 25

Style designation

fig- 1 fig- 2 fig- 3 fig- 4 fig- 5
size | C124AA  C124CA  C124EA C124GA C124JA
size Il C124BA C124DA  C124FA C124HA C124KA
size 1l C125AA C125CA  CI25EA C125GA  C125JA

250V Range (preferred types)
(for capacitance values below 3 fiF see higher voltages)

Capacitance

infiE+ 10% 3 35 4 4,5 5 6 7 8
L max (in mm) 50 ] 57 57 62 | 71 86 86 99
. Size 1(cross section 26 x 43 mm)

Size

Style designations C124AA-C124CA-C124EA-C124GA

Capacitance 8 9
in /<€ 10 12 13,5 15 18 20
L max (in mm)j 57 62 71 86 ' 86 99 109 124

Size Il (cross section 38 x 55 mm)
Style designations C124BA-C124DA-C124FA-C124HA

fig- 6 fig- 7
C124LA C124NA
C124MA  C124PA
C125LA C125NA

9 10 12
109 124 148
25 30 35
148 148 148

Size 11
Styles C125

Composition of the type number: a capacitor 8/<F + 10%, 250 V, cross section 26 x 43 mm and

designed according to fig 3: C120GA/A5M.

The special programme 250 V capacitors for sodium and HPF gas discharge lamps for

public lighting is mentioned on page C94.
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PAPER CAPACITORS FOR ALTERNATING CURRENT

C120/C124/C125 series -300V BO X TYPE

Vl

Fig. 4 Fig. 7

Style designation

fig- 1 fig-2 fig- 3 fig- 4 fig- 3 fig- 6 fig- 7
size | C120AA C120CA  C120EA C120GA C120JA C120LA C120NA
size Il C120BA C120DA  CI 20FA C120HA C120KA C120MA C120PA

300V Range (preferred types)
(for capacitance values below 2 /tF see higher voltages)

Capacitance

in/<F+ 10%- 2 25 3 3,5 4 4,5 5 6 7 8

L max (in mm) 50 62 71 86 86 99 99 124 148 148

Size | (cross section 26 x 43 mm)
Style designations C120AA-C120CA-C120EA-C120GA

1 For Fluorescent Lamp “Instant-Start Circuit’ purposes 5% tolerance values can be offered.

Capacitance

inZiF £+ 10% » 9 10 2 14

L max (in mm) 86 86 99 109 124

Size Il (cross section 38 x 55 mm)
Size Style designations C120BA-
C120DA-C120FA-C120HA

Composition of the type number: a capacitor 5/(F £ 10%, 300V, cross section 26 x 43 mm and
designed according to figure 4: C124EA/A8M
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PAPER CAPACITORS FOR ALTERNATING CURRENT

380V BOX TYPE -C120/024/025 series

Style designation

fign 1 fig- 2 fig- 3 fig- 4 fige3 fig- 6 fig- 7
size | C120AB C120CB C120EB C120GB C120JB C120LB C120NB
size Il C120BB C120DB C120FB C120HB C120KB C120MB C120PB
size Il C125AB C125CB C125EB C125GB C125JB C125LB C125NB

380V RANGE (preferred types)

Capacitance

in/iF + 10% 15 2 3 35...38 4 5 57...6

2’S
L max (in mm) 50 | 62 86 86 99 109 124 148

Size | (cross section 26 X 43 mm)
Style designations C120AB-C120CB-C120EB-C120GB

1 For Fluorescent lamp series compensation 5% tolerance available, also for capacitance values between
standard range.

Capacitance

injuF £ 10% 7 8 10 12 16 20 25

L max (in mm) 99 109 124 86 99 124 148
Size 1l (38 X 55 mm) Size Il (57 X 75 mm)

Size C120BB-C120DB- C125AB-C125CB-C125EB-C125GB

C120FB-C120HB

Composition of the type number: a capacitor 6 /<F, 380V, cross section 26 X 43 mm and designed
according to fig 4:
- with capacity tolerance
- with capacity tolerance

10%: C120GB/A6M
5%: C120GB/B6M

W
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Fig. 4

Style designation

size |
size |l
size Il

440V Range (preferred types)

Capacitance
inyiF £+ 10%

L max (in mm)

Size

Capacitance
in/(F+ 10%

L max (in mm)

Size

Cl20BC-C120DC-
C120FC-C120HC

PAPER CAPACITORS FOR ALTERNATING CURRENT

C120/C124/C125 SERIES -440V BO X TYPE

Vv

f—
Fig. 7
fig- 1 fig- 2 fig- 3 fig- * fig- $ fig- 6
C120AC Cl120CC  C120EC C120GG C120JC Cc120LC
' Cl20BC C120DC  C120FC C120HC C120KC | C120MC
C125AC C125CC C125EC j C125GC C125JC | C125LC
1 1,5 2 2,5 3 3,5
50 71 86 99 109 | 124
Size 1(cross section 26 x 43 mm)
Style designations C120AC-C120CC-C120EC-C120GC
5 6 8 10 12 16
99 109 71 | 86 99 124
Size 1l Size Il (cr. sect. 57 x 75 mm)

fig- 7
C120NC

C120PC
C125NC

148

20

148

Style des. C125AC-C125CC-C125EC-CZ25GC

Composition of the type number: a capacitor 3 fif + 10%, 440V, cross section 26 + 43 mm and
designed according to fig. 1: C120AC/A3M
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PAPER CAPACITORS FOR ALTERNATING CURRENT

500V BO X TYPE - C120/C124/C125 SERIES

Dimensions (mm)

a b c
size | 26 43 18
size |l 38 55 22
size 1l 57 5 25

Style designation

fignl fign2 fig- 3 fig- 4 fig- 5 fig- 6 fig- 7
size | C120AD C120CD C120ED Cl120GD C120JD C120LD C120ND
size Il C120BD C120DD Cl 20FD C120HD C120KD C120MD C120PD
size 1l C125AD C125CD C125ED C125GD C125JD C125LD C125ND

500V Range (preferred types)

Capacitance 075 1
in,uUF £ 10% ’ 15 2 2,5 3 3,5

L max (in mm) 50 57 71 86 109 124 148

Size 1(cross section 26 x 43 mm)
Style designations C120AD-C120CD-C120ED-C120GD

Size

Capacitance

in /iF + 10% 4 5 6 8 10 = B
L max (in mm) 99 109 124 86 109 124 148
Size Il (38 x 55 mm) Size Il (57 x 75 mm)
Size C120BD-C120DD- C125AD-C125CD-
| C120FD-C120HD C125ED-C125GD

Composition of the type number: a capacitor 3 //F + 10%, 500V, cross section 26 x 43 mm and
designed according to fig. 1: C120AD/A3M
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PAPER CAPACITORS FOR ALTERNATING CURRENT

C120/C124/C125 SERIES -660V BO X TYPE

V

s _J~
C
Fig. 7
Style designation
fig- 1 fig-2 fig- 3 fig- 4 fig- 3 fig- 6 fig- 7
size | C120AE C120CE C120EE C120GE  C120JE C120LE C120NE
size Il C120BE i C120DE C120FE C120HE | C120KE C120ME  C120PE
size Il C125AE C125CE C125EE C125GE ; C125JE C125LE C125NE
660V Range (preferred types)
Capacitance
1 2
in/tF + 10% 0:5 0.75 L5
L max (in mm) 57 I 7L I B 124 148
Size 1(cross section 26 X 43 mm)
Size Style designations C120AE-C120CE-
C120EE-C120GE
Capacitance 25 3 a5 4 5 6 8
in/tF £ 10% ! ’
L max (in mm) 99 109 124 86 99 109 148
Size Il (38 X 55 mm) Size Il (57 X 75 mm)
Size C120BE-C120DE- C125AE-C125CE-
C120FE-C120HE C125EE-C125GE

Composition of the type number: a capacitor 1 //F + 10%, 660V, cross section 26 x 43 mm and
designed according to fig. 1: C120AE/A1M
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PAPER CAPACITORS FOR ALTERNATING CURRENT

SPECIAL TYPE -C124ZZ SERIES

These capacitors are specially designed for power-factor correction of gas-discharge lamps for public
lighting. They are painted grey.

max. type number
capacitance H1(mm;

w fig- 1 fig- 2
8 C124 727/80 C124 77/81 57
10 /100 /101 71
13 /130 /131 86
15 /150 /151 99
18 /180 /181 109
20 /200 /201 124
25 /250 /251 148

1 At cross-section of 38 mm x 55 mm
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PAPER CAPACITORS FOR ALTERNATING CURRENT

C126 SERIES -TYPE FOR POWER-FACTOR CORRECTION

These capacitors are used for raising
the power factor of alternating-
current installations by neutralising
or reducing the wattless current
originating from inductive loads.
Unfavourable power factors arise
mainly from underloaded asyn-
chronous motors, transformers (wel-
ding apparatus), induction furnaces,
and so forth.

tolerance on capacitanCe......coceevieiiennennennnns —5/+15%

working temperature range .....cccoeveeieieiennnnn. -20/+70 °C

ambient temperature range ......ooeeieieneennann. -20/+40 °C

working frequencCy ..coocoiiiiiiiiii 50 c/s

maximum capacitance drift during life............. <5%

test voltage during 1 minute:
(a) across the terminals.......c..coooiiiiiiiinn. 2.15 X working voltage
(b) between interconnected terminals and can 2500 Vac

losses (tan S) at 50 C/S..cuuiuuiimieiiiiiiiieieiaeaaen < 33 X 10-1

Composition of the type number C126
single-phase A ( ---—--—-- » type number suffix
three-phase B
working voltage -4---------

A = 220V
B = 380V
c=20U00vV
D = 500V
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PAPER CAPACITORS FOR ALTERNATING CURRENT

TYPE FOR POWER-FACTOR CORRECTION -C126 SERIES

without cap

nominal capacitance current In dimensions (mm)
working wattless inal th inal th type
voltage power single ree- single ree- num_ber
(KVATr) phase phasel phase phase L H suffix
W 0 (pF) ) )
220/230 6/ 6.5 396 198 27/29 16/16 175 558 H6
9/10 594 297 41/43 24/25 333 483 H9
12/13 792 391 55/57 31/33 333 558 H12
15/16.5 990 495 68/72 39/41 333 708 H15
380/400 10/11 220 110 26/28 15/16 175 483 H10
13.3/15 294 147 35/37 20/22 175 558 H13.3
20/22 440 220 53/56 30/32 333 483 H20
26.7/30 585 293 70/74 41/43 333 558 H26.7
33.3/37 735 368 88790 51/53 333 708 H33.3
440/460 10/11 165 83.5 23/24 13/14 175 483 H10
13.3/15 220 110 30/33 17/19 175 558 H13.3
20/22 330 115 45/48 26/28 333 483 H20
26.7/30 440 220 61/65 35/38 333 558 H26.7
33.3/37 550 275 76/80 44/46 333 708 H33.3
.500/525 10/11 127.5 64 20/21 12/12 175 483 H10
13.3/15 170 85 27/29 15/16 175 558 H13.3
20/22 255 128 40/42 23/24 333 483 H20
26.7/30 340 170 53/57 31/33 333 558 H26.7
33.3/37 425 213 67/70 38/41 333 708 H33.3

1 These values are the capacitance values measured between the terminals
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MICA CAPACITORS - 82057 series

These mica capacitors are especially recommended for communications equipment, measuring instru-
ments, military devices, etc. They can be mounted in the wiring of the apparatus and, owing to their
insulated body and their flat shape, be placed close together or against a metal plate.

working temperature range .......c........

temperature coefficient of the capacitance

WOTKING VOITAGE . neine e e

maximum capacitance drift during life . . . forC>100pF
for C~ 100 pF

test voltage during 1 minute...

insulation resistance at 20 ° C ...

losses (tan5): parallel damping. . . . forC<40pF

at 1 MC/S. it for C = 40 — 1000 pF
for C > 1000 pF

Composition of the type number 82057./. ..

-40/+85 °C

(0 to +60) x 10-6 pF per pF and
500 Vdc per °C
+1%

+1 pF

1350 Vdc

100000 MU

Js 4 MO

< 10 x 10-4

< 7 x 10-*

45/085/21 (IEC)

capacitance tolerance " --------- 1 L » capacitance code

= +10%! forC> 22 pF
= +5% forC” 93 pF
+2% forces 100 pF
= +1% forC~™ 100 pF
= +1 pFforC~ 91 pF

zZ oo w>
1

1 In the tolerance class + 10% the capacitance values are scaled according to what is known as the E12 series (12
values between 1 and 10 progressing in steps of approximately the same percentage), in the other classes they are
scaled according to the E24 series (24 values between 1 and 10) but E12 values are preferred types.

Example: The type number of a 1800 pF capacitor, tolerance =5 % is 82057B/1K8.
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82 057 series - MICA CAPACITORS

MOULDED MIDGET TYPE

capacitance
value

(PF)

Cc98

5.6
6.2
6.8
7.5
8.2
9.1

capacitance
code

5E6
6E2
6E8
7ES
8E2
9E1

capacitance
value

(PF)

10
11
12
13
15
16
18
20
22
24
27
30
33
36
39
43
47
51
56
62
68
75
82
91

capacitance

code

24E

30E
33E
36E
39E
43E
47E
51E
56E
62E
68E
75E
82E
91E

capacitance
value

(PF)

100
110
120
130
150
160
180
200
220
240
270
300
330
360
390
430
470
510
560
620
680
750

910

capacitance
code

100E
110E
120E
130E
150E
160E
180E
200E
220E
240E
270E
300E
330E
360E
390E
430E
470E
510E
560E
620E
680E
750E
820E
910E

capacitance
value

(PF)

1000
1100
1200
1300
1500
1600
1800
2000
2200
2400
2700

capacitance
code

1K

1K1
1K2
1K3
1K5
1K6
1K8
2K

2K2
2K4
2K7



MICA CAPACITORS

MOULDED PRECISION TYPE

These mica capacitors are designed with the aim of obtaining optimum performance as regards
accuracy, stability and low losses. Therefore, they are suitable for applications which impose the
highest requirements in this respect, such as e.g. measuring, control and communications equipment.

The programme contains six series of capacitors.

Working temperature ran g € .o.ooiieiiieie i eees
temperature coefficient of the capacitance . for C < 12000 pF
for C~ 12000 pF

for C <91 pF

for C = 100 - 1000 pF
forC = 1100 - 6800 pF
for C ~ 6800 pF

maximum capacitance drift during life

test voltage during 1 minute
insulation resistance at 20 °C

losses (tan (5): parallel damping for C <50 pF
at 1 me/s . . . forC = 50-200 pF

for C = 200-600 pF

forC = 600-1000 pF

at 100 kc/s forC > 1000 pF

climatic group number

Composition of the type numbers C399AA/.

C399AB/.
B= 5% B802002;.
C= 2% 82058 ./
D= 1% 82059 ./
E =0.5% 82069 ./
M= 1pF
A capacitance tolerance

Example: The type number of a 10000 pF/500 Vdc capacitor, tolerance +5% , is 82059B/10K.

—60/+85 °C

N 75 x 10~6pF per pF and per °C
~ 50 x 10~6pF per pF and per °C

+0.5 pF

+0-4%

+0.2%

+0.15%

3 x working voltage
> 50000 MU

A 3 MO

<10 x 10“4
< 7.5 x 10-4
< 6 x 10-4

< 5 x 10-4
60/085/21 (IEC)

5.1 - 1800 pF (500 Vdc)

2000 -
2000 -

2700 pF (250 Vdc)
6800 pF (500 Vdc)

7500- 12000 pF (250 Vdc)
7500-100000 pF (500 Vdc)
110000 - 300000 pF (500 Vdc)

» capacitance code
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MICA CAPACITORS

MOULDED PRECISION TYPE

© >
F
79
Series C399AA Series C399AB
5.1-1 800 pF 2000-2700 pF
500 V 250 V
Series B802002 Series 82058
2000-6800 pF 7500-12000 pF
500 V 250 V
17. 60 Ao
6
"
s -0
[ "4
Series 82059
7500-100000 pF
500 V
16 79 16

Series 82069
110000-300000 pF
500 V



MICA CAPACITORS

MOULDED PRECISION TYPE

capaci- capaci- capaci- capaci- capaci- capaci- capaci- capaci- capaci- capaci- capaci- capaci-

tance tance tance tance tance tance tance tance tance tance tance tance

value code value code value code value code value code value code

(Pf) (Pf) (Pf) (Pf) (PF) (Pf)
10 10E 100 100E 1000 1K 10000 10K 0.10 100K
11 11E 110 110E 1100 1K1 11000 11K 0.11 110K.
12 12E 120 120E 1200 1K2 12000 12K 0.12 120K
13 13E 130 130E 1300 1K3 13000 13K 0.13 130K
15 15E 150 150E 1500 1K5 15000 15K 0.15 150K
16 16E 160 160E 1600 1K6 16000 16K 0.16 160K
18 18E 180 180E 1800 1K8 18000 18K 0.18 180K

20 20E 200 200E 2000 2K 20000 20K 0.20 200K
22 22E 220 220E 2200 2K2 22000 22K 0.22 220K
24 24E 240 240E 2400 2K4 24000 24K 0.24 240K
27 27E 270 270E 2700 2K7 27000 27K 0.27 270K
30 30E 300 300E 3000 3K 30000 30K 0.30 300K
33 33E 330 330E 3300 3K3 33000 33K
36 36E 360 360E 3600 3K6 36000 36K
39 39E 390 390E 3900 3K9 39000 39K
43 43E 430 430E 4300 4K3 43000 43K
47 4T7E 470 470E 4700 4K7 47000 47K

5.1 5E1 51 51E 510 510E 5100 5K1 51000 51K

5.6 5E6 56 56E 560 560E 5600 5K6 61000 61K

6.2 6E2 62 62E 620 620E 6200 6K2 62000 62K

6.8 6E8 68 68E 680 680E 6800 6K8 68000 68K

7.5 7E5 75 75E 750 750E 7500 7K5 75000 75K

8.2 8E2 82 82E 820 820E 8200 8K2 82000 82K

9.1 9E1 91 91E 910 91 OE 9100 9K1 91 000 91K
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B8 020 00 series - MICA CAPACITORS

BALANCING TELEPHONE CABLE TYPE

These capacitors have been specially designed for balancing the pairs of loaded telephone cables in
order to reduce the cross-talk to a value below the permissible limit.

The capacitors are supplied either single, double or quadruple.

Single balancing capacitors consist of a midget mica capacitor which has been moulded in a reddish
brown thermo-setting synthetic resin.

The capacitors are provided with two connecting wires of tinned copper (0.5 mm 0) having a length
of about 180 mm which are, except for the last 30 mm, insulated with an uninflammable plastic (0.9
mm 0) see fig. 1. One wire (the one connected to the outer electrodes) is red, the other yellow.
Double balancing capacitors (see fig. 2) are composed of two single units arranged according to fig. 3.
Quadruple balancing capacitors (see fig. 4) are composed of four single units in a bridge arrangement
according to fig. 5.

This application imposes the highest requirements regarding precision, stability, insulation resistance
and resistance to moisture.

tolerance on capacitanCe........cooevivieiiiieiennn, forC”~ 20pF +5%
forCc = 10 pF +10%
working temperature range ..........c.ooieeennne. —40/+85 °C
working voltage...........ooiii for C ~ 2000 pF 500 Vdc
for C ~ 2000 pF 250 Vdc
permissible alternating voltage...................... 500 Vdc types 350 Vac

250 vdc types 175 Vac
test voltage during 1 minute:

(a) between terminals............oooiiils 3 X working voltage
(b) for double capacitors between sections . . . 1500 vdC
(c) between interconnected terminals and casing > 2000 Vac
insulation resistance at 20° C ..........cccoiiinann ~ 100000 MO
losses (tan d) parallel damping at 1 Mc/s . . . . forC~ 100 pF + 1 MQ

at 1 MC/S.oiiiiiiiiiii for C = 100-1000 pF ~ 15 X 10-4

at 100 KC/S.oiuiiiiiiiiieiiea forC~ 1000pF < 15 X 10-4

40/085/21 (IEC)

Composition of the type number B8 020 00./. ..

capacitance tolérance ” ---------- [ » capacitance code
A= 10%
B= 5%
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MICA CAPACITORS - B8 020 00 series

BALANCING TELEPHONE CABLE TYPE
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MICA CAPACITORS

TELEPHONE CABLE TYPE

capacitance code

iacitai
(PF) single version double version quadruple version
10 10E
20 20E 2 x 20E —
30 30E 2 x 30E 4 x 30E
40 40E 2 x 40E 4 x 40E
50 50E 2 x 50E 4 x 50E
60 60E 2 x 60E 4 x 60E
70 70E 2 x 70E 4 x 70E
80 80E 2 x 80E 4 x 80E
90 90E 2 x 90E 4 x 90E
100 100E 2 x 100E 4 x 100E
120 120E 2 x 1 20E 4 x 120E
140 140E 2 x 140E 4 x 140E
160 160E 2 x 160E 4 x 160E
180 180E 2 x 180E 4 x 180E
200 200E 2 x 200E 4 x 200E
250 250E 2 x 250E 4 x 250E
300 300E 2 x 300E 4 x 300E
350 350E 2 x 350E 4 x 350E
400 400E 2 x 400E 4 x 400E
450 450E 2 x 450E 4 x 450E
500 500E 2 x 500E 4 x 500E
600 600E 2 x 600E 4 x 600E
700 700E 2 x T700E 4 x T700E
800 800E 2 x 800E 4 x 800E
900 900E 2 x 900E 4 x 900E
1000 1K 2 x 1K 4 x 1K
1100 1K1 2 x 1K1 4 x 1K1
1200 1K2 2 x 1K2 4 x 1K2
1300 1K3 2 x 1K3 4 x 1K3
1400 1K4 2 x 1K4 4 x 1K4
1500 1K5 2 x 1K5 4 x 1K5
1600 1K6 2 x 1K6 4 x 1K6
1700 1K7 2 x 1K7 4 x 1K7
1800 1K8 2 x 1K8 4 x 1K8
1900 1K9 2 x 1K9 4 x 1K9
2000 2K 2 x 2K 4 x 2K
2100 2K1 2 x 2K1 4 x 2K1
2200 2K2 2 x 2K2 4 x 2K2
2300 2K3 2 x 2K3 4 x 2K3
2400 2K4 2 x 2K4 4 x 2K4
2500 2K5 2 x 2K5 4 x 2K5
2600 2K6 2 x 2K6 4 x 2K6
2700 2K7 2 x 2K7 4 x 2K7



POLYSTYRENE CAPACITORS - B8 006 12 series

BALANCING TELEPHONE CABLE TYPE

These capacitors are made as an extension of our range of cable-balancing mica capacitors B802000.
They are polystyrene capacitors mounted in cylindrical aluminium casings and sealed with a synthetic
resin. A double and a quadruple version isavailable, arranged as shown in fig. 1 and fig. 2 respectively.

working temperature range .. 85 °C
WOTKING VO AGE .ttt eeas 60 Vae
permissible alternating Vo lta g e ..o oo ~ 30 VvdC
maximum capacitance drift during life ... N1 %

test voltage during 1 M N U e oo 700 vdC
insulation resistance at 20 © C ... Js 100000 ML2
10555 (AN 5) At 1000 C / S cuunuineiie ettt ettt et et ettt et eaaas n 5x 10 4
climatic groUup NUM D e Lo e e 40/085/21 (IEC)

Composition of the type number B8 oos 12,/7. ..
capacitance tolérance -<---------- 1 b > capacitance code

< 10000 pF: C = £2%
>10000 pF: D = £1%

Example: The type number of a 13000 pF capacitor according to Fig. 2, tolerance 1%,
is B800612 D/4 x 13K

C105



B8 006 12 series - POLYSTYRENE CAPACITORS

BALANCING TELEPHONE CABLE TYPE

1 101.4 '00."
I#———&—I
Fig. 1
r HH HH
- Lias - 1w3is_J,_3 5
101.4 100.5i
4=— H r
iJhJhf o2
L+05_ 150+5 30
7246824 - 7246825
double version (fig. 1) quadruple version (fig. 2)
capacitance capacitance dimensions capacitance dimensions
code D x L (mm) code D x L(mm)
3000 pF 2 x 3K 30 x 27 4 x 3K 35 x 27
4000 2 x 4K 4 x 4K
5000 2 x 5K 4 x 5K
6000 2 x 6K 30 x 37 4 x 6K 35 x 27
7000 2 x 7K 4 x 7K
8000 2 x 8K 4 x 8K
9000 2 x 9K 4 x 9K
0.010/tF 2 x 10K 4 x 10K
0.011 2 x 11K 4 x 11K
0.012 2 x 12K 4 x 12K
0.013 2 x 13K 4 x 13K
0.0uU 2 x 14K 4 x 14K
0.015 2 x 15K 4 x 15K
0.016 2 x 16K 4 x 16K
0.017 2 x 17K 35 x 37 4 x 17K 35 x 70
0.018 2 x 18K 4 x 18K
0.019 2 x 19K 4 x 19K
0.020 2 x 20K 4 x 20K
0.021 2 x 24K 4 x 21K
0.022 2 x 22K 4 x 22K
0.023 2 x 23K 4 x 23K
0.024 2 x 24K 4 x 24K
0.025 2 x 25K 4 x 25K
0.026 2 x 26K 4 x 26K
0.027 2 x 27K 4 x 27K
0.028 2 x 28K 4 x 28K
0.029 2 x 29K 4 x 29K
0.030 2 x 30K 4 x 30K
0.031 2 x 31K 4 x 31K
0.032 2 x 32K 4 x 32K
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These capacitors are very

POLYSTYRENE CAPACITORS - C295 series

TUBULAR MOULDED TYPE

suit-

able for use in tuned circuits and
filters of electronic equipment of
all kinds, especially of carrier
telephony equipment where high
requirements are imposed as
regards precision, stability and
low losses at high frequencies.
The fairly small negative temper-
ature coefficient is advantageous

for most applications.

They can be incorporated in the
wiring of the equipment and are
also suitable for vertical moun-
ting on printed-wiring boards,

the length of connection
always being sufficient.

leads

working temperature range -40/+85 °C
for 63 V(JC range  ....oeinieiiii e -A0/+70 °C
temperature coefficient zZIC/C per © C ... -(100 x50) X 10-6

permissible alternating voltage ........coooveiiiiiiiiiienanns 63 Vac types

maximum capacitance drift

125 Vac types
250 Vac types | v ac
500 Vac types 250 Vac
during life................ at max. temp. 85°C ACA 1%
at max. temp. 70°C A C< 0.5%

test voltage during 1 minuUte ... 2 X max. working voltage
breakdown voltage of N CasiNg . oo i >1000 Va0

insulation resistance at 20 °

losses (tand) at 1 kc/s..
at 100 kc/s..

at 1 Mc/s..

climatic group number ..
for 63 Vac range .........

Composition of the type

C for C < 0.1/iF > 106 Mfl

forC > 0.1 fiF > 105MO0
............................................................. < 2 X 10-4
............................................................. < 5X 10-4
< 10 X 10-*

............................................................. 40/085/21 (IEC)

............................................................ 40/070/21 (IEC)

number C295A./.
> capacitance code

working voltage e<- -) capacitance tolerance
H = 63 Vac A= +10%
A = 125 Vac B =+ 5%
B = 250 Vac C= =+ 2%
C = 500 Vac D=+ 1%

Example: The type number

of a 6200 pF/125 V capacitor, tolerance 5%, is C295AA/B6K2.
C107



C295 series - POLYSTYRENE CAPACITORS

TUBULAR MOULDED TYPE

Dimensions (mm)

at L = 15 I = 35 d= 0.7
at L = 25 | = 45 d= 0.8
) capacitance dimensions in mm (D X L)
capacitance
code 63 Vdc 125 Vdc 250 Vdc 500 Vdc
680 pF 680E
750 750E
820 820E 7.5 x 15
910 910E
1000 1K
1100 1K1
1200 1K2
1300 1K3
1500 1K5
1600 1K6
1800 1K8 6 x 15 7.5 x 15 9 x 15
2000 2K
2200 2K2
2400 2K4
2700 2K7
3000 3K 7.5 x 15 9x15 10 x 15
3300 3K3
3600 3K6
3900 3K9
4300 4K3 6x15 12.5 x 15
4700 4K7
5100 5K1
5600 5K6 10 x 15
6200 6K2 9x15
6800 6K8 10 x 25
7500 7K5
8200 8K2 7.5 x 15
9100 9K1 10 x 15 12.5 X 15
0.010 /uF 10K
0.011 11K
0.012 12K 12.5 x 25
0.013 13K 12.5 x 15
0.015 15K 9x15 10 x 25
0.016 16K
0.018 18K
0.020 20K 10 x 25 12.5 x 25 15 x 25
0.022 22K
0.024 24K 10 X 15
0.027 27K
0.030 30K
0.033 33K
0.036 36K 12.5 x 15 12.5 x 25
0.039 39K 15 X 25
0.043 43K
0.047 47K 10 x 25
0.051 51 K
0.056 56K
0.062 62K
0.068 68K 12.5 X 25 15 X 25
0.075 75K
0.082 82K
0.091 91K
0.10 100K
0.11 110K
0.12 120K
0.13 130K 15 X 25
0.15 150K
0.16 160K

The table lists the capacitance values according to the E24 range. For + 1% and * 2% tolerance intermediate values
can be supplied on request. The dimensions are identical to those of the next higher values given in the table.
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POLYSTYRENE CAPACITORS - C295 series
CHARACTERISTICS

freq
30 7246284.A

Fig. 3 Resonance frequency versus capacitance at
different total wire lengths.

Fig. 1 Capacitance versus
temperature

TantS

Fig. 4 Capacitance versus frequency
Tan6 72462721

Fig. 2 Losses at 1 kc/s versus
temperature

Fig. 5 Losses versus frequency
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C299 series - POLYSTYRENE CAPACITORS

BO X TYPE
These box-type capacitors are
extremely suitable as capaci-
tance standard in measuring
equipment and for RC net-
work.
Inside the box the pack is
absolutely proof against at-
mospheric influences, so that
the excellent properties are
maintained under the most
adverse climatic conditions.

tolerance on capacitanCe......ocoiiiiiiiiiiiiiiii i 1%

working temperature range ...ooooeeieieiieiiieneiieiaenes -AO/+ 85 °C

temperature coefficient of the capacitance................ (— 100 to — 150) x10 °pF per pF and per°C

maximum capacitance drift during life ...................... +0-5%

test voltage during 1 minute:

(@) across the terminals....ccccocveieieniiiiiiiiieiiieeenns 2.6 x working voltage
(b) between the terminals......ccocoiiiiiiiiiiiiinan, 2800 V do
insulation resistance at 20 °C . . . . forC~ 0.33/«F R~ 750000 Mn
for C > 0.33/(F RC” 250000 sec
losses (tan 0) @t 1 KC/ S .uuuiuiini et < 5x 10-4
climatic group number ... 40/085/56 (IEC)

Composition of the type number C299A./D.

working voltage --------- 1 b-mmemem » capacitance code
A = 125 Vdc
B = 350 Vac
C = 500 Vac

Example: The type number of a 33000 /(F/350 V capacitor, is C299 AB/D33K
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POLYSTYRENE CAPACITORS - C299 series

capacitance

w

0.022
0.033
0.047
0.068
0.10
0.15
0.22
0.33
0.47
0.68
1

1.5
2.2
3.3

capacitance

code

22K
33K
47K
68K
100K
150K
220K
330K
470K
680K
1M
1M5
2M2
3M3

125 Voc | 350 Vac

20
20
20
25
35
50
75
105
120

BOX TYPE

dimensions (A] in mm

25
35
40
50
75
105
120

500 ViQ

20
20
20
20
20
25
35
50
60
90
120

Intermediate capacitance values with a tolerance of 1% are available on

request

The capacitors can be used in any position.

If desired, use can be made of mounting brackets as
illustrated in the figure; two if A is smaller than 60 mm,

and four if A is 60 mm or larger.

The type number of the mounting brackets is 88480/00.
A wire of max. 2.5 sq.mm can be connected to each solder-

ing tag.



CERAMIC CAPACITORS

APPLICATION

construction class |

for tuning and other applications
where low losses and a linear tem-
perature dependence are required

type capacitance
number range

C304 0.8-820 pF

C306 0.5- 47 pF

-C333 1.0-150 pF

C309BG  2.5- 56 pF

working
voltage

500 Vde

500 Vdc

40 vdc

350 Vdc

special types

construction

for special applications e.g.

safety and filter capacitors

type capitance
number range

C321 10-560 pF
(safety)

C302 3.9-180 pF
(filter)
cap.)

012

J working
voltage

700 Vde

70 Vda

page

014
015
016

017
018

0 22
0 23

034
O 35
0 36

page

032
033

019
O 20
021

class Il

for all coupling and decoupling

purposes
type capacitance working
number range voltage
C301 680-22000 pF 500Vdc

C318 1000-10000 pF 500 Vdc

C322 1.5-10000 pF 500 Vdc
C325  2200-10000 pF 125Vdc

C330 22000-100000 pF 6 vVdo
C331 1000-10000 pF 30Vdc
C332 180-1800 pF 40Vdc
C309BH 68-2200 pF 350 Vdc

C309UA 2.5-4700 pF 350 Vdc

Page

024
0 25

026
027

030
031
028
029

034
035
036



red/violet
black
brown
red
orange
yellow
green
blue
violet
grey
white

temperature
coefficient

P100
NPO

N150

N750

first digit

© 0 ~NO U WN P

>

second digit

© O ~NOOO D> WNR O

>

CERAMIC CAPACITORS

multiplier
for the
capacitance

10

102
103
10J

10-2
10-1

COLOUR CODE

tolerance on capacitance

Cn < 10 pF

+ I+

I+

(PF)

0.1
0.25

0.5

Cn> 10pF
(%)

I+

+ I+

I+

20

10

013



C304 series - CERAMIC CAPACITORS

CLASS 1B, TUBULAR TYPE, FOR 500V (Ic

Application

Owing to the use of low-K ceramic material, these capacitors have low losses, a high stability and dis-
play a linear temperature dependence of the capacitance. These features render the capacitors ideally
suited for application in high frequency equipment, especially in resonant circuits in which advantage
can be taken of the linear temperature coefficient to compensate the temperature dependence of the
other components.

These capacitors have connecting leads of 0.6 mm 0 with a pitch of a multiple of one tenth of an inch,
so that they are suitable for printed wiring circuits.

Construction

The capacitors consist of a ceramic tube, partly metallised on the outside, and - except for the smallest
capacitances - internally metallised. A coating of special grey lacquer protects the capacitors against
atmospheric influences. The temperature coefficient, the capacitance and the tolerances are indicated
by means of a colour code (see page 013). The inner electrode is connected to the lead at the side
of the first colour strip (that of the temperature coefficient).

Electrical specification

Unless otherwise specified, all electrical values apply to a temperature of 20 + 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.

maximum working voltage at 85 ° C .........ccceeiiniiiiiiiiininn... 500 Vdc
test voltage (during 1 minute)........c..c..... ... 1250 Vdc
maximum current (in the case of a.c. loads)...................... 500 mA
insulation resistance at 20 °C and 500 Vd € ..c..cooeiiiiiiieinennen. > 10000 MQ
dissipation factor at 1 Mc/s
measured at a voltage < 3.5Vac: ............. for C > 10 pF <10 x 10 1 (average < 5 x 10-4)
0.01
............ for C < 10 pF

- C(pF)
permissible working temperature..............cooo. -40/+85 °C
climatic group number ... 40/085/21 (IEC)
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CERAMIC CAPACITORS - C304 series

CLASS IB, TUBULAR TYPE, FOR 500 Vdc

Capacitance and tolerance

The table on next page gives the E12 capacitance series with a tolerance of 0.25 pF, 0.5 pF and 5%, de-
pending on the capacitance value. On request values appertaining to the E24 series can be supplied,
provided acceptable quantities are ordered. This also applies to capacitors with tolerances of 20% of
the E6 series, of 10% of the E12 series and with 2% and 1% tolerances for higher capacitance values.
Further technical data upon request.

Temperature coefficients

temperature type number
- tolerance ]
coefficient prefix
0 x 10-«/°C forCng 20 pF: -40 to +120 x 10-6/°C
NPO « 9 2P C304GB/. ..
for Cn > 20 pF: +40 x 10-«/°C
N150 - -«/° forCn”~ 20 pF: -40 to +60 x 10-&°C
150 x 10-«/°C p C304GC/ ..
for Cn > 20 pF: £+40 x 10-«/°C
- -&/° forCn< 20 pF: -120 to +250 x 10-&°C
N750 750 x 10-&/°C p C304GH/ ...

for Cn> 20 pF: £120 x 10-&°C

Capacitors with a temperature coefficient according to P100, N033, NO75, N220, N330, N470 and
N1500 can be supplied, provided acceptable quantities are ordered.

Composition of the type number C304G ./.

temperature coefficient code N --------------- >. type number suffix

Example:

The type number of a 0.8 pF capacitor with a temperature coefficient N750 and a tolerance of 0.25 pF,
is C304GH/NES.
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C304 series - CERAMIC CAPACITORS

CLASS IB, TUBULAR TYPE, FOR 500 V rn0

temp. coef. NPO N150 N750
cap. tolerance 1 P type _no. 1 P type r_10. 1 P type_no.
(PF) (mm)  (mm) suffix (mm)  (mm) suffix (mm)  (mm) suffix
0.8 * 0.25 pF 12 7.6 GH/NES8
1 12 7.6 /N1E
1.2 12 7.6 /N1E2
1.5 12 7.6 /N1E5
1.8 12 7.6 GB/N1ES8 12 7.6 /N1E8
2.2 12 7.6 /N2E2 12 7.6 /N2E2
2.7 + 0.5 pF 12 7.6 /L2E7 12 7.6 /L2E7
3.3 12 7.6 /L3E3 12 7.6 /L3E3
3.9 12 7.6 /L3E9 12 7.6 /L3E9
4.7 12 7.6 /L4E7 12 7.6 /LAET
5.6 12 7.6 /L5E6 12 7.6 GC/L5E6 12 7.6 /L5E6
6.8 12 7.6 /L6E8 12 7.6 /L6E8 12 7.6 /L6ES8
8.2 10 5.1 /L8E2 10 5.1 /L8E2 10 5.1 /L8E2
10 10 5.1 /L10E 10 5.1 /L10E 10 5.1 /L10E
12 +5% 10 5.1 /B12E 10 5.1 /B12E 10 5.1 /B12E
15 10 5.1 /B15E 10 5.1 /B15E 10 5.1 /B15E
18 10 5.1 /B18E 10 5.1 /B18E 10 5.1 /B18E
22 10 5.1 /B22E 10 5.1 /B22E 10 5.1 /B22E
27 12 7.6 /B2TE 12 7.6 /B27E 10 5.1 /B27E
33 12 7.6 /B33E 12 7.6 /B33E 10 5.1 /B33E
39 12 7.6 /B39E 12 7.6 /B39E 10 5.1 /B39E
A7 14 7.6 /BATE 12 7.6 /BATE 10 5.1 /B4TE
56 u 7.6 /B56E 14 7.6 /B56E 12 7.6 /B56E
68 16 10.2 /B68E 16 10.2 /B68E 12 7.6 /B68E
82 18 12.7 /B82E 16 10.2 /B82E 12 7,6 /B82E
100 20 12.7 /B100E 18 12.7 /B100E 12 7.6 /B100E
120 22 17.7 /B120E 20 12.7 /B120E 14 7.6 /B120E
150 26 20.3 /B150E 24 17.7 /B150E 16 10.2 /B150E
180 30 30.3 /B180E 26 20.3 /B180E 18 12.7 /B180E
220 34 25.4 /B220E 30 20.3 /B220E 20 12.7 /B220E
270 36 25.4 /B270E 22 17.7 /B270E
330 24 17.7 /B330E
390 28 20.3 /B390E
470 32 25.4 /B470E
560 38 30.5 /B560E
680 B 44 35.6 /B680OE
820 52 40.6 /B820E
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CERAMIC CAPACITORS - C306 series

CLASS IB, HIGH VOLTAGE DISC TYPE

Application

Owing to the use of low-K ceramic material, these series of disc capacitors have low losses, a high
stability and display a linear temperature dependence of the capacitance. These features render the
capacitors ideally suited for application in high frequency equipment, especially in resonant circuits
in which advantage can be taken of the linear temperature coefficient to compensate the temperature
dependence of other components.

Construction

The capacitor consists of a ceramic disc, provided with a silver plating at both sides to which the
connecting leads are soldered. In order to avoid lacquer on the leads the capacitor is only partly
lacquered, after which the whole is covered with a solderable film which protects the unlacquered
part against atmospheric influences.

Electrical specification

Unless otherwise specified, all electrical values apply to a temperature of 20 i 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.

Maximum working voltage . . . 500 Vdc
Test voltage (during 1 minute) . . 1250 Vdc
Maximum permissible current

for the 5 mm discS..........e..e 600 mA

for the 8 mm discS................ 1000 mA
Insulation resistance at 500 Vdc . > 10.000 M B

Dissipation factor at 1 Mc/s
(measured at a voltage of 3-5 Vac)

0.01
forC < 10pF coiiiiiiiiiiienens
forC > 10pF cooiiiiiii, <10 X 10-*
Permissible working temperature -40/+85 °C
Climatic group number............. 40/085/21
Capacitance and tolerances . . . see table
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C306 series - CERAMIC CAPACITORS

CLASS IB, HIGH VOLTAGE DISC TYPE

Temperature coefficient

temperature coefficient type number prefix
P100 + 100 x 10-&°C C306 SA/...
NPO 0 X io-&°c C306 SB/...
N150 150 X i0-<y°cC C306 sC/...
N750 -750 x 10-&°C C306SH/. ..

Capacitors with temperature coefficients according to NO75, N220, N470 and N1500 can be supplied,
provided acceptable quantities are ordered.

Composition of the type number C306 S./. ..B
temp, coeff. o< > type number suffix

Example

The type number of a 12 pF capacitor with a temperature coefficient NPO and a tolerance of
5%, is C306 SB/B12EB.

temp coefficient P100 NPO N150 N750

cap. tolerance d type _no. d type _no. d type _no. d type _no.
(PF) (mm) suffix (mm) suffix (mm) suffix (mm) suffix
0.5 0.25 pF 5 SA/NES5B

0.75 0.25 pF 5 /NE75B

1 0.25 pF 5 /L1EB

1.2 0.25 pF 5 /L1E2B

1.5 0.25 pF 5 /L1E5B

1.8 0.5 pF 5 /L1ESB 5  SB/L1ESB 5 SH/L1E8B
2.2 0.5 pF 5 /L2E2B 5 /L2E2B 5  SC/L2E2B 5 /L2E2B
2.7 0.5 pF 5 /L2E7B 5 JL2ETB 5 /L.2E7B 5 /L2E7B
3.3 0.5 pF 5 /L3E3B 5 /L3E3B 5 /L3E3B 5 /L3E3B
3.9 0.5 pF 8 /L3E9B 5 /L3E9B 5 /L3E9B 5 /L3E9B
A7 0.5 pF 8 /L4ETB 5 /L-4ETB 5 /L4ETB 5 /UE7B
5.6 0.5 pF 8 /L5E6B 5 /L5E6B 5 /L5E6B 5 /L5E6B
6.8 0.5 pF 5 /L6E8B 5 /L6ESB 5 /L6ESB
8.2 0.5 pF 5 /L8E2B 5 /L8E2B 5 /L8E2B
10 0.5 pF 8 /L10EB 5 /L10EB 5 /L10EB
12 5% 8 /B12EB 8 /B12EB 5 /B12EB
15 5 % 8 /BISEB 8 /B15EB 5 /BI15EB
18 5 % 8 /B18EB 5 /B18EB
22 5 % 8 /B22EB
27 5% 8 /B27EB
33 5 0 8 /B33EB
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CERAMIC CAPACITORS - C302 series

CLASS 1C, MIDGET TUBULAR TYPE

min 55
1 n H
nzmn v
1w m /”
Tr —— |
axl
a 7244370
co
0 A
E 1.3
I
Fig. 1
Application

These midget-type ceramic capacitors are characterised by their low HF losses, high stability and a
very low inductance. Therefore they are widely used in RF tuned circuits. The capacitors have been
specially designed for use in small filters such as miniaturized IF transformers, bandpass filters, for
radio and television receivers, discriminators, noise limiters, etc.

Construction

The capacitors consist of a tiny ceramic tube, covered internally and externally with a fired-on silver
electrode, each electrode being provided with atinned copper connecting lead. The insulated version
is covered with a coating of tan-coloured lacquer which permits these capacitors to be mounted close
together or against a metal plate.

The capacitors are colour-coded according to IEC (see page C113), with the exception of those with
the values of 3.9-8.2 pF and 39 pF for the non-insulated version, which are marked in black script.
The connecting leads can withstand a strain of at least 450 grammes.

Electrical Specification

Unless otherwise specified, all electrical values apply to a temperature of 20 £+ 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.
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C302 series - CERAMIC CAPACITORS

CLASS 1C, MIDGET TUBULAR TYPE

Max. working voltage at a frequency of 100 kc/s ‘U vac
Test voltage during 1s€cond ..ooooviiiiiiiiiiiiiiiiiiiaieenes 300 Vdc
Test voltage against coating of insulated type (1 second) . 300 Vdc
Insulation resistance measured within 1 minute

at 100 Vdc at RLH = 7 5 % euieiiiiiii e < 10000 Mi2
at RLH between 75 % and 95 % ......cceeeuenennens < 100 MQ

Losses at 1 Mc/s + 10%, measured at 1 Vac:

parallel damping for C < 10 p F coooiiiiiiiiiiiiieeeens < 5ML3

tan 8 for C > 10 P F oo < 10x10~4
Change of capacitance after humidity test
acc. to NT 14-5-3.1 non-insulated capacitors................ < 1% or 0.5 pF
acc. to NT 14-4-3.1 insulated capacitors e < 19
Permissible working temperature...........cccooveiiiiiaiiann —25/+85 °C
Climatic group NUM DB e ..o 25/85/4 (IEC)
Capacitance and toleranCes . ....ccveiuiiiiiiiiii i ieeaaenas see table

Temperature coefficient of capacitance

Approx. +100 x 10“&/°C for Cn < 8.2 pF
approx. 0 for Cn = 10-27 pF;
approx. — 150 x 10-°/°C for Cn > 33 pF.

Composition of the type number C302. ./

> type number suffix

Example

The type number of a non-insulated 18 pF capacitor with a tolerance of + 1 pF is C302 AB/M18E.
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CERAMIC CAPACITORS - C302 series

CLASS 1C, MIDGET TUBULAR TYPE

version non-insulated (Fig. 1) insulated (Fig. 2)
cap. temp.coef. a n
P tolerance ...xl?:)—*l"c (rrll_;n) (mm) type number i]mnr?; type number
3.9 + 0.5pF + 100 9 5 C302AA/L3E9 12 C302CA/L3E9
4.7 . . /LAET /LAET
5.6 . . /L5E6 /L5E6
6.8 + 1pF . /MG6E8 /M6E8
8.2 - » /MBE2 ” /MBE2
10 0 AB/M10E CB/M10E
12 ). /M12E /M12E
15 . /M15E . /M15E
18 /M18E /M18E
22 . /M22E /M22E
27 - /M27E /M2TE
33 +3% — 150 AC/K33E CC/K33E
39 /K39E /K39E
47 /K4TE /KATE
56 /K56E /K56E
68 /K68E /K68E
82 /K82E /K82E
100 1 7 /K100E u /K100E
120 13.5 7 /K120E 16.5 /K120E
150 16.5 11 /K150E 19.5 /K150E
180 20 1 /K180E 23 /K180E
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C333 series - CERAMIC CAPACITORS

TYPE IB, PLATE CAPACITORS FOR 40Vdc

Application

These plate capacitors are especially designed for use in all kinds of small transistorised equipment,
for tuning and other purposes where low losses are required.

Owing to the use of low K-ceramic material, these capacitors have low losses, a high stability and a
linear temperature dependence of the capacitance. Their extremely small dimensions and pitch dis-
tance with a close tolerance, adapted to the standard pattern of printed wiring boards, makes them
most suitable for those applications where miniaturisation and easy mounting are required.

Construction

The capacitor consists of a thin rectangular ceramic plate, both sides of which are metallised. The capa-
citor is fully insulated by a special coating, which ensures an excellent behaviour under unfavourable
atmospheric conditions. The temperature coefficient of the capacitors is indicated by acolour code
which covers the capacitor fully or partly. The capacitor has a width of 5 mm maximum.

Electrical specification

Unless otherwise specified, all electrical values apply to a temperature of 20 + 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 75%.

Working voltage..........oooiiiiiiiiii 40 Vdc
Test voltage (during 1 minute).......cccoeuevviienennnnne. 120 Vdc
Test voltage against coating (during 1 minute) . . . 120 Vdc
Insulation resistance, measured at

10 Vdc within 1 minute ... < 1000 MQ

Dissipation factor at 1 Mc/s, measured................

at a voltage of 3.5Vac................ for Cn < 50 pF
— 15(c(pt> + 07) x1CM

(max 55 x 10 4
forCn> 50 pF ~ 15.10 4

Permissible working temperature...................... —25/+85 °C

Climatic group nuUmM b er ..o 25/085/21 (IEC)

Capacitance values and tolerances...................... see tables
Composition of the type number C333

BA for 0.6 mm 0 leads

CA for 0.4 mm 0 leads * """ FR > type number suffix
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CERAMIC CAPACITORS - C333 series

TYPE IB. PLATE CAPACITORS FOR M>Véc

Temperature coefficient

temperature tolerance temp. coef. type number
coefficient colour
P100 = +100 x 10-6°C (—40/+120) x 10-«/°C red violet  C333 BA/. ..
NPO = 0 x 10--°C for Cn < 20 pF: (-40/+120) x 10-6°C black C333 BB/, .

for Cn > 20 pF: +40 x 10-6°C

N150 = -150 x 10-6°C  for Cn < 20 pF: (-40/+60) x 10-6°C
for Cn > 20 pF: +40 x 10-§°C orange C333 BC/. ..
N750 = —750 x 10~6°C  for Cn < 20 pF: (-120/+ 250) x 10-°C

[ C333 BHLI. ..
for Cn > 20 pF: +120 x 10-6°C violet

Mounting

When the leads have to be bent, cut or flattened, they should be relieved of the applied load at the
body of the capacitor. For dip-soldering on printed wiring boards, a temperature up to 250 °C and a
soldering time of up to 5 seconds is permissible.

Class IB, C333 series

temperature P100 NPO N150 N750

coefficient
cap. 8 H type no. B H type no. B H type no. B H type no.
(pf) mm  mm suffix mm mm suffix mm  mm suffix mm mm suffix

1.0 + 0.5 pF 3.7 5.2 BA/L1E

1.2 + 0.5 pF 3,7 5.2 /L1E2

1.5 + 0.5 pF 3.7 5.2 /L1E5

1.8 + 0.5 pF 3.7 5.2 /L1E8

2.2 + 0.5 pF 3.7 5.2 /L2E2

2.7 + 0.5 pF 3.7 5.2 /L2E7

3.3 + 0.5 pF 3.7 5.2 /L3E3 3.7 5.2 BB/L3E3

3.9 + 0.5 pF 5 6.5 /L3E9 3.7 5.2 /L3E9

4.7 + 0.5pF 5 6.5 /L4E7 3.7 5.2 /L4ET7

5.6 + 0.5 pF 5 6.5 /L5E6 3.7 5.2 /L5E6

6.8 + 0.5 pF 5 6.5 /L6E8 5 6.5 /L6E8 3.7 5.2 BH/L6ES8

8.2 + 0.5 pF 5 6.5 /L8E2 3.7 5.2 BC/L8E2 3.7 5.2 /L8E2
10 + 0.5 pF 5 6.5 /L10E 3.7 5.2 /L10E 3.7 5.2 /L10E
12 + 0.5 pF 5 6.5 /L12E 3.7 5.2 /L12E 3.7 5.2 /L12E
15 + 0.5 pF 5 6.5 /L15E 3.7 5.2 /L15E 5 6.5 /L15E
18 + 0.5 pF 5 6.5 /L18E 3.7 5.2 /L18E 5 6.5 /L18E
22 + 0.5 pF 5 6.5 /L22E 5 6.5 /L22E 5 6.5 /L22E
27 + 2% 5 6.5 /C27E 5 6.5 /C27E 5 6.5 /C27E
33 + 2% 5 6.5 /C33E 5 6.5 /C33E 5 6.5 /C33E
39 + 2% 5 6.5 /C39E 5 6.5 /C39E 5 6.5 /C39E
47 + 2% 5 6.5 /C4TE 5 6.5 /C47E 5 6.5 /C4TE
56 + 2% 5 6.5 /C56E 5 6.5 /C56E
68 + 2% 5 6.5 /C68E
82 £ 20 5 6.5 /C82E
100 £ 2% 5 6.5 /C100E
120 + 2% 5 8.5 /C120E
150 £ 20 5 8.5 /C150E
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C301, C318 series- CERAMIC CAPACITORS

CLASS I, TUBULAR TYPE

C301, C318 versions

Application

Class Il tubular ceramic capacitors are made of high-K dielectric materials.They are suitable for bypass
and coupling purposes in all kinds of equipment where a high capacitance and small dimensions are
of importance and the losses need not be minimized. These capacitors can be supplied in the C301 and
in the C318 range. If small dimensions are essential, preference is given to the former range, but if a
linear temperature dependence is of greater importance, the latter range is recommended. The
temperature dependence of the ranges C301 and C318 is illustrated by the graphs 1 and 2 respectively,
the latter of which conforms to the class II-A requirements.

Construction

The capacitors of both ranges consist of a ceramic tube, internally and partly externally covered with a
fired-on coating of silver. Two leads of tinned copper, wound around the tube, are soldered to these
coatings. A coating of special lacquer protects the non-insulated types against atmospheric influences.
The coating of the insulated types allows them to be mounted close together or against a metal frame.

Electrical specification

Unless otherwise specified, all electrical values apply at a temperature of 20 + 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.

Max. working voltage at 85 ° C ........cccciiiiiiininiiiiiiennnn. 500 Vd(.
Test voltage (during 1 minute) ..., 1250 Vdc
Test voltage against coating (insulated capacitors)

dUrNG 1 S@CONM .. 750 Vdc
Max. current for a.c.-loads..........ooiiiiiiiiiiii 500 mA
Insulation resistance at 500 Vdc

for C $1 10000 P F eoenrenieiieiee et > 10000 MR

10000 x 10>° .
for C > 10000 P F ceuinnieii e
C(pF)

Dissipation factor at 1 kc/s measured at avoltage of3.5Vac. < 350 X 101
Temperature dependence

FOr C30 0 o see graph 1
FOr C3 L8 o see graph 2
Permissible working temperature........c.coeeiiiiiieieniannen -40/+85 °C
Climatic group NnuUM b er. ... 40/085/21 (IEC)

C124



CERAMIC CAPACITORS - C301, C318 series

CLASS II, TUBULAR TYPE

Capacitance and tolerance

The table gives the E-6 capacitance series.

Capacitance values out of the E12 series are available on special order subject to minimum order
release requirements. The C318 series is available upon request only, with a 10% tolerance on the
capacitance and in acceptable quantities.

Class Il tubular type C301

capacitance tolerance 1 p type number suffix type number suffix
(PF) (%) (mm)  (mm) (lacquered) (insulated)
680 -20/+50 12 7.6 GA/H680E BA/H680E
1000 12 7.6 /H1K /H1K
1500 12 7.6 /H1K5 /H1K5
2200 12 7.6 /H2K2 /H2K2
3300 12 7.6 /H3K3 /H3K3
4700 16 10.2 /HA4AK7 /H4K7
6800 20 12.7 /HG6K8 /H6K8
10000 22 17.7 /H10K /H10K
15000 30 20.3 /H15K /H15K
22000 40 30.5 /H22K /H22K

Class 11A tubular type C318

capacitance tolerance / p type number suffix

(PF) (%) (mm) (mm)

1000 + 20 12 7.6 BA/P1 K

1500 12 7.6 /P1K5

2200 14 7.6 /P2K2
3300 18 12.7 /P3K3
4700 22 17.7 /P4K7
6800 28 20.3 /P6K8
10000 38 30.5 /P10K

Composition of the type number C301../.. C318
type number suffix e< » type number suffix
t(°c) — v t(°c)
graph 1. graph 2.
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C322, C325 series - CERAMIC CAPACITORS

CLASS II, PIN-UP TYPE FOR 500Vdc AND 125 Vdc

These ceramic capacitors are suitable for bypass, coupling and general purposes, where low losses
and high stability of capacitance are not of major importance. They feature a high insulation resistance
and a low inductance. The configuration of the terminals is adapted to the printed wiring technique;
when mounted in a vertical position, the capacitors occupy but a minor area.

The C325 series of pin-up capacitors have been designed for application where high voltages are not
required, e.g. transistor equipment.

Construction

The capacitor consists of an internally and externally fully metallised ceramic tube. The connecting
leads of tinned copper, soldered to the metal layers, have a pitch of 7.5 mm.

The capacitors are coated with a tan-coloured insulation lacquer, which acts as a seal against moisture
and mechanical damage, and permits the capacitors to be mounted close together, or against a metal
plate. The capacitors are colour coded.

Electrical specification

Unless otherwise specified all electrical values apply at a temperature of 20 +5°C, an atmospheric pressure of
930-1060 mbar and a relative humidity of 45% up to 75%.
Maximum working voltage ....oocooiuiiiiiiiiiiiiiiiiiicieeeeens 500 Vdc (125 Vdc. for C325)
Test voltage during 1 minute) 1250 Vd(. (375 Vdc for C325)
Test voltage against coating (during 1 minute).. . 1250 Vdc (375 Vdc for C325)
Maximum current in the case of a.c. loads .................. 500 mA
Insulation resistance at 500 Vdc (C322 series)
Insulation resistance at 100 Vdc (C325 series)..

..> 10000 M-O

for Cn < 2500 p F . > 10000 Mfi
for Cn > 2500 p F .oooviiiiiiiiiiiiiieans 2500 x 10000 Mfl
C..(pf)
Parallel damping for Cn < 10 pF oo 5 M£?
Dissipation factor for Cn < 200 pF
at 100 kc/s (measured at a voltage of 3.5 Vac) .............. see table
for Cn > 200 pF at 1 kc/s
(measured at a voltage 3.5 VaC) ...cccceveviieiiniiiiininninnns see table
Temperature dependency of the capacitance  .............. see table and graphs
Permissible working temperature
for C322 .. —40/+85 °C
for C325 ..— 25/+ 85 °C
Climatic group number for C322 40/085/21 (IEC)

for C325 25/085/21 (IEC)

Capacitance values and tolerances are stated in the table
Capacitance values according to E12 series are available on special order subject to minimum order release require-
ments.
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CERAMIC CAPACITORS - C322, C325 series

CLASS I, PIN-UP TYPE FOR 500Vdc AND 125 Vde

C322 series for 500 V de

capacitance Jc/c parallel tan 6 / type number
(PF) tolerance class = {(T) damping x 10-4 (mm) (insulated)
1.5 + 1 pF Il < 10% >5 MOhm — 6.5 C322DD/M1E5
2 » - 7.5 /M2E
3 ” - 7.0 /M3E
4 » - 6.5 /M4E
5 » - 7.5 /M5E
6 » - 7.5 /M6E
7 » - 7.5 /M7E
8 " - 8.0 /M8E
9 » - 8.0 /M9E
10 ' - 7.0 /M10E
15 + 20% - < 25 8.0 /P15E
22 ” - 25 7.5 /P22E
33 N — 25 8.5 /P33E
47 < 25% — 100 8.5 C322DC/P4TE
68 - 100 7.0 /P68E
100 - 100 7.5 /P100E
150 - 100 7.5 /P150E
220 ” - 100 8.0 /P220E
330 ” - 350 9.0 /P330E
470 ” - 350 7.5 /P470E
680 — 350 8.0 /P680E
1,000 -20/+50% <40% — 350 8.0 C322DA/H1 K
1,500 - 350 8.0 /H1K5
2,200 - 350 10.5 /H2K2
3,300 - 350 14.0 /H3K3
4.700 ” - 350 19.0 /H4KT
6,800 - 350 23.0 /H6K8
10,000 » — 350 29.0 /H10K
1,000 +20% <25% — 350 8.5 C322DC/P1 K
1,500 - 350 11.0 /P1K5
2,200 - 350 15.0 /P2K2
3,300 - 350 21.0 /P3K3
4,700 ”» — 350 29.0 /P4K7
C325 series for 125Vdc
capacitance tolerance class AC/C tan 6 1 type number
(pF) = {(T) X 10-* (mm) (insulated)
2,200 -20/+50% Il <40% 350 8.0 C325DA/H2K2
3,300 9.0 /H3K3
4,700 " 9.5 /HAKT
6,800 » 12.0 /H6KS
10,000 N - 16.5 /H10K
Composition of the type number
cC322DC325D ./..
type number suffix .4 > type number suffix
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C331, C332 series - CERAMIC CAPACITORS

TYPE Il, PLATE CAPACITORS FOR to Vdc

Application

These “microplates” are especially designed for use in all kinds of small transistorised equipment, for
coupling and decoupling purposes. Their extremely small dimensions and pitch distance (with a close
tolerance) adapted to the standard pattern of printed wiring boards, render them very suitable for
those applications where miniaturisation and easy mounting are required. The capacitance of the C332
range depends little on temperature (graph 1). The C331 range has higher capacitance values at the
same dimensions, but its temperature dependence is somewhat greater (graph 2).

Construction

The capacitor consists of a thin rectangular ceramic plate of high-K material, both sides of which are
metallised. The capacitor is fully insulated by a special coating, which ensures an excellent behaviour
under infavourable atmospheric conditions. The capacitor width is 5 mm maximum.

The capacitors are marked in black script.

Electrical specification

Unless otherwise specified, all electrical values apply at a temperature of 20 £+5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 75%.

WOrKing VO Itag e oo 40V dc
Test voltage (during 1 minUTe) ..coiiiiiiiiiii i 120 Vdc
Test voltage against coating (during 1 minute)..........c..c.ocee.e. 120 Vdc
Insulation resistance, measured at 10 Vdc within 1 minute . . 2 1000 MQ
Dissipation factor at 1 kc/s (measured at a voltage 3.5Vdc) .
FOr €33 ittt < 50010 4
FOr €332 e < 350-10 1
Voltage dependency of the capacitance
between 0 and to V for C332 ... ... max. 5%

Permissible working temperaturefor C331 .........cociiiiiiiiann. —10/+55°C
Permissible working temperature for C332 ........ccccoeiininennnn — 25/ +85 °C

Permissible storage temperature for C331 .....coociiiiiiininnnns, —to/ +55 °C
Permissible storage temperature for C332 ........cooiiiiiiennen. —40/+85 °C
Climatic group number for C331 10/055/21 (IEC)

Climatic group number for C332
Capacitance values and tolerances

25/085/21 (IEC)
see tables

Mounting

When the leads have to be bent, cut or flattened, they should be relieved of the applied load at the
body of the capacitor. For dip-soldering on printed wiring boards, a temperature up to 250 °C and a
soldering time of up to 5 seconds is permissible.
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CERAMIC CAPACITORS - C331, C332 series

TYPE Il, PLATE CAPACITORS FOR 40 Vdc

Composition of the type number

C331 C332

AA for 0,6 mm 0 leads

--—--} type number suffix
CA for 0,6 mm 0 leads

BA for 0,6 mm 0 leads

CA for 0.4 mm 0 leads A — » type number suffix

C331 series, class Il

j dimensions
capacitance tolerance marking type number
B H i
(pF) (%) o omy T suffix
1000 -20 + 100 3.7 5.2 1 T /R1K
2200 -20 + 100 3.7 5.2 1 X /R2K2
4700 -20 + 100 4.5 6.0 2 z /R4K7
10000 -20 + 100 5.0 8.5 2 10K /R10K
C332 series, class IIA
dimension.
capacitance tolerance marking type number
8 H i
(PF) (%) mm (o) fg- suffix
180 + 10 3.7 5.2 1 j /A180E
220 + 10 3.7 5.2 1 K /A220E
270 + 10 3.7 5.2 1 L /A27CE
330 + 10 3.7 5.2 1 M /A330E
390 + 10 3.7 5.2 1 N /A390E
470 + 10 3.7 5.2 1 P /AA4T0E
560 + 10 3.7 5.2 1 Q /A560E
680 + 10 5.0 6.5 2 680 /AB80E
820 + 10 5.0 6.5 2 820 /AB820E
1000 + 10 5.0 6.5 2 1K /A1K
1200 + 10 5.0 6.5 2 1K2 /A1K2
1500 + 10 5.0 6.5 2 1K5 /A1K5
1800 + 10 5.0 6.5 2 1K8 /AKI
—*(°C)
graph 1 graph 2
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C330 series - CERAMIC CAPACITORS

BARRIER LAYER CAPACITORS FOR 6Vdc

fig. 1 fig. 2
Application

Owing to the use of a new technique of manufacturing, these capacitors have a very high capacitance
and a low working voltage at very small dimensions.

Therefore they are very suited for coupling and decoupling purposes in small transistorised equipment,
for example in IF stages of radio receivers.

Construction

The capacitor consists of a thin rectangular plate,which has been given semiconducting properties by
a reducing process. The surface is oxidised on both sides, thus forming a barrier layer.Thus two capa-
citances with a series resistance in between are formed (see Fig. 1).

The whole is covered with a blue insulating lacquer.The distance between the leads is fixed at 2.5 mm,
with a close tolerance, adapted to the standard pattern of printed-wiring boards. The 22000 and
47000 pF capacitors are marked in black script as shown in Figs 1 and 2 respectively. The 100000 pF
type is marked with: 0.1; 6V.

Electrical specification

Unless otherwise specified, all electrical values apply to a temperature of 20 + 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.

Maximum working voltage at 55 ° C .....ocoiiiiiiiiiiiiiiiiaanen. 6 Vdc
Test voltage against coating (during 1 minute)................ 15Vde
Insulation resistance at 6 Vdc (within 1 minute)................ > 150,000f2

at 3 Vre (within 1 minute)................ > 500,000/2
Impedance at 10 Mc/s for 47000 and 1000.000 pF................ N5 /2

for 22000 PF.cueeiiiiiiieiceee e n10/2

Max. working temperature........cooooiiiiiiiiiiieeeeeens —10/+ 55 °C
Max. storage tempPerature .....ocoeuieieiinieieiieeneeeeeeeeaens —40/+ 55 °C
Climatic group NUM D e T ..o 10/055/21 (IEC)

Capacitance values and tolerances.. ..see table

Mounting

When the leads have to be bent, cut or flattened, they should be relieved of the applied load at the body
of the capacitor. For dip-soldering on printed wiring boards, a temperature up to 250 °C and a solde-
ring time of up to 5 seconds is permissible.
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CERAMIC CAPACITORS - C330 series

BARRIER LAYER CAPACITORS FOR 6Vdc

fig. 3
Barrier layer C330-series
dimensions
capacitance tolerance type number
(PF) B H fige suffix
(mm) (mm) 9
22000 —20/+100% 3.7 X 5.2 1 R22K
47000 -20/+100% 5.0 X 6.5 2 R47K
100000 -20/+100% 5.0 X 10.5 2 RO,1
Composition of the type number
C330
BA for 0,6 mm 0 leads » type numbersuffix
CA for 0,4 mm 0 leads yp
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C321 series - CERAMIC CAPACITORS

SAFETY CAPACITORS, TUBULAR TYPE FOR 700VII(

Application

These ceramic capacitors withstand a test voltage of 2000 Vrms for 1 minute, the international require-
ment for capacitors connected between the mains and conductive parts which might be touched.
Therefore, they are very suitable for use in radio and television sets.

Construction

The capacitor consists of a ceramic tube internally and partly externally covered with a fired-on coa-
ting of silver. The connecting leads are soldered to the silver electrodes. A coating of special grey
lacquer protects the capacitors against atmospheric influences. The capacitors are marked in black
script with an H followed by capacitance value in pF and a letter indicating the tolerance.

Electrical specification

Unless otherwise specified, all electrical values apply at a temperature of 20 +5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%.

WOrKiNg VO ITag @ cuueieiiiciee ettt 700 Vdc
Test voltage (during 1 minute) 2000 Vdc
Insulation resistance measured at a voltage of 500 Vdc . . . . ~ 50000 Mf2
Dissipation factor at 1 Mc/s

measured at avoltage < 3.5Va C .ccoveiiiiiiiiiiiiiiiiiieaaes N 10x10 4
Permissible working temperature.......c..coooiiiiiiiiiiiiiniennen. —40/+ 85 °C
Climatic group NUM b e r. . 40/085/21 (IEC)

Composition of the type number

C321GA./,

U type number suffix
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CERAMIC CAPACITORS - C321 series
SAFETY CAPACITORS, TUBULAR TYPE FOR 700Vde

dimensions (mm)

cap. (pF)
type number
to/. + 10% d / p*
10 3 18 10.2 C321GA/A10E
12 3 18 10.2 /A12E
15 3 18 10.2 /A15E
18 3 18 10.2 /A18E
22 3 18 10.2 /A22E
27 3 18 10.2 /A27E
33 3 18 10.2 /A33E
39 3 18 10.2 /A39E
47 4 18 10.2 /A4ATE
56 4 18 10.2 /A56E
68 4 18 10.2 /AGSE
82 4 18 10.2 /AB2E
100 4 20 10.2 /A100E
120 4 20 10.2 /A120E
150 4 22 12.7 /A150E
180 4 24 12.7 /A180E
220 4 28 17.7 /A220E
270 4 32 20.3 /A270E
330 4 36 25.4 /A330E
390 4 40 30.5 /A390E
470 4 46 35.6 /A470E
560 4 52 40.6 /A560E

* pis the distance between the leads.

C90
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C309 series - CERAMIC CAPACITORS

CLASS I, CLASS Il, MINIATURE FEED-THROUGH CAPACITOR FOR 350V

58+ 1
P <35*,A
2
o
&
o
Application
Ceramic feed-through capacitors are designed for decoupling the
supply leads of high-frequency equipment, for instance in T.V. tuners. .
However, due to their extremely low inductances, they might also Fig. 1.
be used in frequency-determining circuits in similar equipment. Since
in this application (e.g. in VHF/UHF tuners) low losses are required,
class | types should be chosen. The version with a central pin is
provided with sufficient soldering tin to facilitate mounting.
Construction 520 g+r' >20
The capacitors consist of a ceramic tube pro-
vided with silver electrodes. The outer connec-
tion is formed by a flange, and the inner one %i['@u .
by a split pen (Fig. 1) or an axial lead (Fig. 2). v 0’%‘{':— ________ L A _lLl————
The split-pen version is provided with sufficient W /5
soldering tin, which facilitates mounting. s\\A/
The capacitors are marked in black script or Fig. 2. 015
with a colour dot. The lead feed-through type
is not marked. *12 mm for the 4-700 pF capacitor

Electrical specification

Unless otherwise specified all electrical values apply at a temperature of 20 + 5 °C, an atmospheric
pressure of 930-1060 mbar and a relative humidity of 45% to 75%

Working voltage at 85 °© C ..oiiiiiiiiiiii i 350 Vdc
Test voltage (during I minute)....coooieiiiiiiiiiiiiiiiannen. 1050 Vdc
Dissipation faCtor. ..o see table
Insulation resistance measured at 100 Vd € ................ > 10000
Temperature dependence of the capacitance............. See table
Permissible working temperature..........c.coovieiiinennnn. —40/+85 °C
Climatic group num b er ... 40/085/21
Capacitance and tolerance......cooveiiiiiiiiiiiiiieiienenns See tables
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CERAMIC CAPACITORS - C309 series

CLASS I, CLASS IlI; MINIATURE FEED-THROUGH CAPACITORS FOR 350 Vdc

Mounting

The following soldering procedure is advised:

Heat and cool gradually (approximately 50°C/s). The time during which the soldering tin is fluid
should be kept as short as possible. The central lead should not be soldered within 1 mm from the
tube. A soldering alloy of 60% tin, 36% lead and 4% silver, or 50% tin, 46% lead and 4% silver is
recommended.

Table |
capacitance values (pF) tan 6 X 10-* measuring frequency
141-2C
2.2- 47 100 kc/s
10 X 47

68- 100 40 100 kc/s

range 1 150 100 100 kc/s

220- 330 100 1 ke/s

470-2200 350 1 ke/s

2- 47 25 1 Mc/s

range 2 684700 500 1 ke/s

Class IC, C309 series, split-pen type

capacitance temp, coeff. type number
tolerance .
(PF) (w -yc) suffix
< 25 + 100 BG/2E5
3.3 + 0.5 pF + 100 BG/L3E3
4.7 + 0.5 pF + 100 BG/L4E7
6.8 + 1 pF 0 BG/MG6E8
10 + 1 pF 0 BG/M10E
15 +10 % 0 BG/A15E
22 + 10 % 0 BG/A22E
33 +10 % - 750 BG/A33E
47 +10 % - 750 BG/A4TE
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C309 series - CERAMIC CAPACITORS

CLASS I, CLASS Il; MINIATURE FEED-THROUGH CAPACITORS FOR 350 Vdc

Class Il, C309 series, split-pen type

capacitance temp, depen- type number
tolerance dency C between )
(PF) -25/+85 °C suffix
68 + 20% 10 BH/P68E
100 + 20% 10 BH/P100E
150 + 20% 20 BH/P150E
220 + 20% 20 BH/P220E
330 + 20% 20 BH/P330E
470 + 20% 10 BH/P570E
680 + 20% 10 BH/P680E
1000 -20/+50% 40 BH/H1K
1500 -20/+50% 40 BH/H1K5
2200 —20/+50% 40 BH/H2K2
Class Il, C309 series, lead feed-through type
capacitance
tolerance type number suffix
(PF)
2 + 0.5 pF UA/L2E
3 UA/L3E
4 UA/L4E
5 . UA/LS5E
6 + 1pF UA/M6E
8 . UA/MS8E
10 . UA/M10E
15 +10% UA/A15E
22 . UA/A22E
33 . UA/A33E
47 . UA/AATE
68 + 20% UA/P68E
100 . UA/P100E
150 . UA/P150E
220 y UA/P220E
330 . UA/P330E
470 . UA/P4T70E
680 -20/+50% UA/HG680E
1000 . UA/H1K
1500 . UA/H1K5
2200 . UA/H2K2
3300 . UA/H3K3
4700 UA/HA4K7

Capacitance values according to the E12 series are available on special order subject to minimum
order release requirements.
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TL-T6

CERAMIC CAPACITORS - B8 600 01/02

TUBULAR TRIPLE BY-PASS TYPE

This multiple tropic-proof component meets the demand of the TV industry as regards simplification
of receiving sets with tubes. Its compactness and efficient shape permit it to be mounted in the

centre screen of tube sockets.

The component is also very suitable to be used in combination with printed wiring.

capacitance...........cveeveennnn 3 x 500 pF
tolerance at 20°C . . . . —20/+100%
maximum WOorking VOltage ... ..o 250 Vdc

eSSt VO It @G e up to 500Vdo
maximum permissible ambient temperature...............ocoooatn 85 °C

insulation resistance at 20 ©C ....eiiinnieiiiii e > 5,000 M£?
maximum 10SSeS at 1 KC/ S .. 3%
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ES55 series - RC COMBINATIONS

This miniature type of RC combination can be used as partly decoupled cathode resistor.

Working voltage of (Rl + R2 = v" Pwx Pnom

resistance capacitance
R. ") R, + R2e) (tolerance— 20/ -\-50°/0) code
(0) (0) PR
u 150 2700 /01
47 120 1000 /02
39 180 1500 /03
39 120 2700 /04
47 120 2700 /05
39 150 2700 /06
39 180 2700 /07
47 180 2700 /08
39 220 2700 /09
47 220 2700 /10
'Tolerance + 20%
*Tolerance = 20% or + 10%

Composition of the type number

E555A./..
tolerance of resistance (Rt+ R,) < code (see table)
A= +10%
P= % 20%
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RC COMBINATIONS - E559 series

MINIATURE VERSION

resistance capacitance type number suffix

(tolerance +10%) PF tolerance E559AA/1
150 Q 1.500 -20/ +50% /26 + 38

180 D 1,500 -20/+50% /26 + 38

220 U 1,500 -20/ +50% /28 + 38

270 Q 1,500 -20/ +50% /29 + 38

18 kQ 47 +10% /51 + 20

18 kQ 1,500 -20/ +50% /51 + 38

22 kfl 470 +20% /52 + 32

* Preferred types

Maximum permissible dissipation of
the resistor as a function of tem-
perature.
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E560 series - RC COMBINATIONS

resistance capacitance type numberl

(tolerance £+10%) tolerance suffix

Q) (PF) (%) E560AAI2

1,000 2 x 1,500 -20/ +50 /36 + 38

10,000 2 x 1,500 -20/ +50 /148 + 38
47,000 2 x 820 -20/ +50 /56 +35
47,000 2 X 47 +10 /56 +20
47,000 2 x 100 +10 /56 +24
47,000 2 x 150 +20 /56 +26

1Preferred types
2Miniature version.

Maximum permissible dissipation of
the resistor as a function of tem-
perature.
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RC COMBINATIONS - E556 series

VERTICAL INTEGRATOR CIRCUIT

26-0.5
R,
N
J
type NUMber...ccoceeiieniiieenannn.. E 556AA/56 + 35
resistance value (+ 10%) R1 47 kQ
R2 . . . 47 kQ
capacitancevalue(—20/+ 50%) C1 820 pF
c2 820 pF
general purpose - E554 series
resistance toi.c?gzi)cfincseo% typ:u?:ir;lber resistance capacitance typseur;;jir;ber
tol. £+ 10% E 554AN tol. + 10% tol.-201 +50% E 554AA/
100 Q 1,500 /24 + 38 22 kfi 1,500 /52 + 38
100 4,700 /24 + 44 22 4,700 /52 + 44
220 1,500 /28 + 38 47 1,500 /56 + 38
220 4,700 /28 + 44 47 4,700 /56 + 44
470 1,500 /32 + 38 100 1,500 /60 + 38
470 4,700 /32 + 44 100 4,700 /60 + 44
1kQ 1,500 /36 + 38 220 1,500 /64 + 38
1 4,700 /36 + 44 220 4,700 /64 + 44
2.2 1,500 /40 + 38 470 1,500 /68 + 38
2.2 4,700 /40 + 44 470 4,700 /68 + 44
4.7 1,500 /44 + 38 1 M42 1,500 /72 + 38
4.7 4,700 /44 + 44 1 4,700 /72 + 44
10 1,500 /48 + 38
10 4,700 /48 + 44

1Preferred types
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SYNTHETIC FOIL TUNING CAPACITORS

SURVEY

The capacitors included in this range have a dielectric consisting of laminated synthetic foil and air.
In addition to being of relatively small size they are of a remarkably high quality and compare very
favourably with similar components of other manufacture.

The capacitors are particularly suitable for miniature personal radios and the larger portable variety,
and may also be employed in all-wave receivers of the battery driven type.

The moving vanes rotate freely between the fixed stator vanes, ensuring good tracking at different
frequencies. Clockwise rotation of the tuning shaft will produce an increase in capacitance.

In the interests of performance, adherence to the appropriate mounting plan given for each type is
strongly recommended.

To avoid undue stress within the capacitor base plate when mounting, it is advisable to use screws
having cylindrical heads rather than those of the counter-sunk type.

AC 1034/01
type number AC1033 AC1034 AC 1034703 AC1035 AC1036/01 AC1037/01 AC1038
angle of rotation 0 170 + 5 174 + 5 174 + 5 170 + 6 170 + 5 170 + 5 174 + 5
law tolerancel ¢ £+ 5 + 3 + 5 £+ 5 + 3 + 3 + 3
(nominal law)
FM part . . . . PF 0.7 0.7
ganging
tolerance2 . .y + 5 + 3 + 5 + 5 + 3 + 3 + 3
operating torque gem 400 400 400 400 450 450 500
torque against
end stop . . .gem 2000 2000 2000 2000 | 3000 3000 2000
insulation resistanCe......coooiii it > 10000 MQ
parallel damping.....ccooiiiii e >3 MW at 1.5 Mc/s
eSSt VOITage oot 300 V~c
direction of rotation for cap. increase........c.c.cceeennen. clockwise
radial torque of 400 gem on shaft causes..........c........ sj 0.2 % change in capacitance
tEeMPErature FaN g € «ouvuieeein et eeei e eeen e aeeaaanes —25to +70 °C
variable . . .
application capacitances trimmers dimensions type
10°-130° (pF) (PF) (mm) number
Midget LW /MW personal sets 55 + 155 2Xx5 15 x 15 x 10 AC1035
LW and MW personal sets . 80 + 180 2x9 20 x 20 x 16 AC1033
All-wave personal sets . . . 195 + 195 20 x 20 x 13 AC1036/01
All-wave portable sets . . . 275 + 275 - 25 x 25 x 16 AC1034
All-wave portable sets . . . 335 + 335 — 25 x 25 x 16 AC1034/01
AC1034/03
AM/FM personal sets. . . . 77 + 198 + 95+ 95 4 x55 20x 20 x 18 AC1037/01
AM/FM portable sets. . . . 280+ 280+ 14 + 14 4x9 25 x 25 x 215 AC1038

1The capacitance law of the oscillator section is adjusted to be within the stated tolerance of the nominal value. At
a rotation of x°, the tolerance is calculated from the sum of the total circuit capacitance at 10° and the capacitance
swing between 10° and x°.

2 The capacitance law of the aerial section is adjusted to the nominal value at a rotation of a0. This nominal value is
obtained by adding to the measured total circuit capacitance of the oscillator section the nominal difference between
aerial section and oscillator section. The tolerance is calculated on this sum.
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SYNTHETIC FOIL TUNING CAPACITORS

TYPE AC1035

Suitable for tuning midget LW
and MW personal radio sets.

The capacitor can be soldered on to the print panel by means of the five terminal tags.

capacitance swing

angle of ) g
rotation aerial OSCIII_ator
section section
10° 0 pF 0 pF
20° 4.9 3.24
40° 16 9.7
60° 28.9 16.2
90° 52 25.9
120° 80.1 35.6
150° 114.1 45.3
180° 155 55
total circuit 17 pF 15 pF

capacitancel

1l.e. the value needed at 10° to obtain the required frequency
ratio and padding curve. It is made up as follows: the capaci-
tance swing at 10°; the stray capacitance of the circuit; any
additional capacitance required.

The cut oscillator section is suitable for an IF of 452,
460 or 470 kc/s (optimum values for waveband limits
and total circuit capacitance will gladly be supplied on
request).
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SYNTHETIC FOIL TUNING CAPACITORS

TYPE AC1033

Use two type M2.6 cylindrically-headed screws, which should not protrude by more than 2 mm into
the capacitor.

capacitance swing

angle of
rotation aerial oscillator
section section
10° 0 pF 0 pF
2o° 5.8 4.8
#2° 18.9 14.3
60° 34.2 23.9
@o° 61.6 38.2
120° 91.9 51.3
150° 131.8 65.7
180° 180 80
total circuit
20 pF 22 pF

capacitancel

1l.e. the value needed at 10° to obtain the required frequency
ratio and padding curve. It is made upas follows: the capacitance
swing at 10°; the stray capacitance of the circuit; any additional
capacitance required.

The cut oscillator section is suitable for an IF of 452,
460 or 470 kc/s (optimum values for waveband limits
and total circuit capacitance will gladly be stated on
request).
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SYNTHETIC FOIL TUNING CAPACITORS

This type may be used for tuning
pocket-size all-wave radio sets.

TYPE AC1036/01

type M2 cylindrically-headed screws,
which should not protrude by more than 2 mm
into the capacitor.

angle of capacitance

rotation swing
10° 0 pF
goe 5.8
40° 20.2
60° 36.8
90° 66.1
120° 102.0
150° 145.0
180° 195.0

total circuit 25 pF

capacitancel

1Dependent on the values of IF, frequency ratio and applied
padding capacitor. The stated figures are given to permit calcu-
lation of law and ganging tolerances.

When IF and band limits have been decided on, optimum values
can be determined fortrimmingfrequencies, padding capacitors
and padding deviation.

The capacitance law of the aerial section is adjusted
relative to the oscillator section.
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SYNTHETIC FOIL TUNING CAPACITORS

TYPES AC1034, AC1034/01 and AC1034/03

Suitable for all-wave AM or
AM/FM battery-driven radio
sets.

16 2xM26

TYPE AC1034

Use two type M2.6 cylindric-
ally-headed screws which
should not protrude by more
than 2 mm into the capacitor.

Mounting pattern or types AC1034 and
AC1034/03. Type AC1034/01 is equipped
with soldering tags for use in conven-

tional wiring.

72M30)

Spindle end section of types AC1034/C1 and AC 1034/03
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SYNTHETIC FOIL TUNING CAPACITORS

angle of capacitance swing
rotation AC 103A  AC 1034/01/03
10° 0 pF 0 pF
20° 8.4 9.9
40° 27.9 33.0
60° 51.1 60.4
90* 92.3 109.1
120° 142.6 168.5
150 203.4 240.4
180 275 325

total circuit

capacitancel 35 pF 37 pF
1Dependent on the values of IF, frequency ratio and applied
padding capacitor. The stated figures are given to permit calcu-
lation of law and ganging tolerances.

When IF and band limits have been decided on, optimum values
can bedetermined for trimmingfrequencies, padding capacitors
and padding deviation.

The capacitance law of the aerial section is adjusted
relative to the oscillator section.

TYPES AC1034 and AC1034/01
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SYNTHETIC FOIL TUNING CAPACITORS

TYPE AC1037/01

Use two type M2.6 cylindrically-headed screws, which should not
protrude by more than 2 mm into the capacitor.

capacitance swing

angle of
rotation aerial section oscillator section
AM FM AM FM
10° 0 pF 0 pF 0 pF 0 pF
20° 5.75 0.57 4.3 0.57
40° 19.0 1.82 13.3 1.82
0o° 35.2 2.90 22.4 2.90
90° 64.4 4.62 36.2 4.62
120° 100.7 6.36 49.9 6.36
150° 145.5 8.02 63.5 8.02
180° 198.0 9.50 77.0 9.50
total circuit
21 pF 60 pF 21 pF 60 pF

capacitancel

1l.e. the value needed at 10° to obtain the required frequency ratio and
padding curve. It is made up as follows: the capacitance swing at 10°; the
stray capacitance of the circuit; any additional capacitance required.

The cut oscillator section is suitable for an IF of 452, 460 or 470
kc/s (optimum values for waveband limits and total circuit
capacitance will gladly be stated on request).
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SYNTHETIC FOIL TUNING CAPACITORS

TYPE AC1038

For tuning all-wave AM/FM battery-driven radio sets. The spindle is shaped to fit a back-lash free
gear drive.

position of

angle of capacitance swing
rotation AM M
10° 0 pF 0 PF
20° 9.05 1.0
40° 29.45 2.79
oc® 53.15 4.35
90° 95.6 6.95
120° 146.8 9.36
150° 208.8 11.86
180° 280.0 14.0 .
total circuit 35 oF 60 bF H
capacitancel P p g
1 Dependent on the values of IF, frequency ratio and applied §

padding capacitor. The stated figures are given to permit
calculation of law and ganging tolerances. When IF and band
limits have been decided on, optimum values can be determined
for trimming frequencies, padding capacitors and padding
deviation.

The capacitance law of the aerial section is adjusted

. . . Angle of rotation
relative to the oscillator section. AR5
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SYNTHETIC FOIL TUNING CAPACITORS

TYPE AC1039

D12

For toy radio sets and similar simple
TRF receivers.

€CapaCitanCe SWINQ oot e e eeeeaeas 200 pF + 10%
effective angle of rotation......c.ccooiiiiiiiiiiiiiiinnns 174° e+ 5°
MiNIMUM CapPaCitanCe .....ciuiuiiiiiiiei e eeeeeaas 5 pF

eSSt VOItAgE . . e 300 Vric

parallel damping at 1.5Mc/s
insulation resistance..
operating torque

permissible torque against end StOpP ....ccoevieiiiiiiiniinanen 2 kgem
permissible axial thrust. ... 1 kg
TEMPErature ran g€ ..o ee e eeeenenes -25 to + 70°C



CERAMIC TRIMMERS - CO04 series

SURVEY

The trimmers are designed for use in radio and television receivers as well as industrial equipment.
All types, except the CO04FA, consist of an internally ground ceramic tube, in which an invar rotor is
guided by a phosphor-bronze wire spring. Both ends of the rotor (one end only of CO04EB) are slotted
for screwdriver operation.

In certain applications the negative temperature coefficient characteristic of the components ensures
adequate compensation for the effects of different temperatures.

type number ] application
CO04AA, CO04BA, CO04CA, CO04HA, CO004JA, C004zZ, (UHF) . ; radio and television
COO04FA (for printed Wiring) ..oeueei e \ radio and television

COO4EA, COOAEDB .. ettt e eeaeae industrial applications

types C004. .
AA, BA, CA, JA
characteristics......cooviiiiiiieiiiiiiinnen. EA, ZZ/04, FA EB 27/115
z72/07 772/116
max. working voltage................... (Vdc) 400 400 500 300
max. test voltage...............oooeei (Vac) 800 800 1000 650
temperature range ......ccoceeueenenen.. (°C) —40to +85 —40to+85 —40to+85 —40to +75
max. contact resistance................ (m i) 3 3 3 10
min. parallel damping (1.5Mc/s, Cmnv) (M fI) 10 10 10 3
min. insulation resistance 10000 10000 10000 10000
operating torque ..........ooieiiainnns 40to 500 15to 700 50to 250 20to 200
Mounting holes (mm)
types C 004. .
" BA CA.ZZ/04 EA EB FA JA.ZZ/116
22/07 727/11S
-
70 5.50 I
5.3*8",

For more details see following pages
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C004 series - CERAMIC TRIMMERS

TUBULAR TYPES COO04AA, BA, CA

figure

DU

NN DN DN L o ol

w W ww

capacitance

12

(PF)

Nemin

0.8
0.8
0.9
1.0

0.8
0.8
0.9
1.0

0.8
0.8
0.9
1.0

angle of

rotation

approx.

approx.

approx.

approx.

approx.
approx.
approx.
approx.

approx.
approx.
approx.
approx.

© N oW © N oW

X X X X

© N 0w
X X X X

X
X
X
X

360°
360°
360°
360°

360°
360°
360°
360°

360°
360°
360°
360°

Fig. 2

dimensions

(mm)

1 a
5.5 13.5
8.5 16.5
115 19.5
u.5 22.5
6.5 12.5
9.5 15.5
12.5 18.5
16 21.5
5.5 13.5
8.5 16.5
11.5 19.5
u.5 22.5

Fig. 3

type
number

CO04AA/3E
/6E
/9E
/12E

C004BA/3E
/6E

/9E
/12E

CO004CA/3E
/6E
/9E
/12E



CERAMIC TRIMMERS - COOU series

The design of these trimmers is similar to the type
CO04AA, the several variations of which have proved
reliable in countless TV tuners and radio sets. A thin,
internally ground ceramic tube closely fits a threaded invar
spindle. The spindle is guided by a U-shaped spring fixed
by the silver plated brass cap. The JA type cap is to be
soldered to the chassis thus providing excellent contact
and also a sturdy mechanical mount. ZZ-types are secured
by a mounting nut.

The stator is asilver-plated sleeve, fitted over the ceramic
tube, which possesses a soldering eyelet.

test voltage ...l 650 Vdc
parallel damping at 1.5 Mc/s
COO04JA . e > 3MRB
CO04ZZ i > 10 MR
contact resistance................ < 10 mRB
insulation resistance............. > 10,000 M B
operating torque ................ 10-200 gem.

temperature coefficient
CO041A/6E, C004ZZ .
C004JA/3E

~var Qnin L
(pF) (pF) (mm)
3 0.8 7.8 £
6 0.8 10.8 +
3 0.8 7.3 %
6 0.8 10.3 =

(-200+£200)x10-6pF/pF/oC
...................... (_200+100)x10-6pF/pF/°C

0.5
0.5
0.5
0.5

(mm)

8.3
11.3

+ I+

1l

type number

C004JA/3E
/6E
77/115
/116

3

Y
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C004 series - CERAMIC TRIMMERS

TUBULAR TYPE COO0O4FA FOR P.W. BOARDS

These trimmers are especially suitable for automatic insertion onto
printed-wiring boards. They are equipped with two terminal pins
spaced 5.08 mm apart to fit the most widely used grid i.e. holes of
1.32 mm 0 and a pitch of 2.54 mm (0.1").

capacitance dimensions |

angle e
P of rotation (mm) mmpber
Avar A-min h
6 2.5 approx. 3 x 360° 26.5 CO004FA/6E
10 3.5 approx. 3 X 360° 26.5 CO004FA/10E
20 3.5 approx. 5 x 360° 35.5 CO004FA/20E

D16



CERAMIC TRIMMERS - CO04 series

TUBULAR TYPES C004zZ

These trimmers are derived from the well known C004CA series. Being intended for very high fre-
quencies, they are particularly suitable for UHF tuners and other electronic circuits operating in the
higher frequency ranges.

type number........oooiia C004z2z/07 - C0042Z/04
variable capacitance . . . . min. 3 pF - min. 6 pF

zero capacitance............. max. 0.7 pF - max. 0.8 pF
accuracy of adjustment. . . better than 0.05 pF.
temperature coefficient . . — (150+£100) X 10-6 pF/pF °C.
test voltage......coooeeveienann 650 Vdc

contact resistance............. < 3 mQ

insulation resistance . . . . > 10 000 M fl

parallel damping (at 1.5 Mc/s) > 3 Mfl
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C004 series - CERAMIC TRIMMERS

TUBULAR TYPE COO4EA, EB

D18

capacitance (pF)

min.

<

0.8
0.8
0.9
1.0
1.5

0.5
0.6
0.7
0.9
1.0

These capacitors have been designed for the precision trimming of
professional equipment which operate at the higher frequencies.
Their simple form of construction guarantees high reliability and
facilitates, moreover, a high breakdown voltage, good stability and
high adjustment accuracy.

For many applications the negative temperature coefficient charac-
teristic results in adequate compensation at various temperatures.
The small dimensions contribute to the miniaturization of electronic
equipment.

angle of max. dimensions (mm)
temp, coeff. R
PFIDE/°C x 10-6 rotation a°® A L type number
(approx.)
-200 + 200 3 x 360° 13.5 10 CO0A EA/3E
-200 + 200 5 x 360° 16.5 13 6E
-200 + 200 8 x 360° 19.5 16 9E
-200 + 200 9 x 360° 22.5 19 12E
-500 + 200 9 x 360° 22.5 19 18E
-10 + 60 7 x 360° 23.5 13 C004 EB/3E
-10 + 60 9 x 360° 26.5 16 4E5
-10 + 60 11 x 360° 29 19 6E
-200 + 60 9 x 360° 26.5 19 9E
-200 + 60 11 x 360° 29 19 12E



Band E =

Band C =

WIRE-WOUND TRIMMERS-CO15 series

connecting

wire

colour dot

connecting

wires

adjusting

wire

Wire-wound trimmers have, over many years, proved to
be very suitable for the trimming of radio sets and for use
as adjustable capacitors in filters (e.g. as a padding capac-

itor).

Because of the high adjustable capacitance values available,
they sometimes can replace the expensive combination
of fixed capacitor and rotary trimmer.

The considerable advantages in price and volume serve to
outweigh the one drawback of wire trimmers, namely,
that their capacitance value can be decreased but not in-

creased.

tolerance on capacitanCe........coovieiiiieiiniiiiiiiiianenas
maximum VOltage ..oooii e
test voltage (L S@C.) cuueieii et
temp, coefficient of the cap. (per pF, per °C)

Ctotal = B PF o s

Ctotal = 12-5-50 PF ciiiii e

Ctotal = 100-575 PR
insulation resistance (at 20 ° C ) .eoevieiniiiieiiiieiaenann
dissipation factor (at 1 Mc/s)

Ctotal = 0-100 pF

Qotai = 100-575 pF..
temperature range .....ooooiiiiiiiiiiiiii s

capacitance dimensions (mm) colour
Atotal Azero fo- diameter / code
6 max. 1 1 2 16 none
12.5 max. 1.5 1 2 16 black
25 max. 2 1 2 22 brown
25 max. 10 2 2 22 brown
50 max. 12.5 2 3 25 red
100 max. 25 2 3 25 orange
175 max. 50 2 3 28 yellow
275 max. 60 2 3 28 green
400 max. 70 2 3 34 blue
575 max. 70 2 3 45 white

+ « %
500 Vdc
1500 Vdc

max. +200 X 10-6 pF

Oto 100 X 10-6 pF

1000 to 1100 X 10-6 pF

>10 000 MQ

< 10.10*
<15.10 4
— 40/+85 °C

type number

C015BB/6E
BB/12E5
BB/6E
AB/25E
AB/50E
AB/100E
AB/200E
AB/300E
AB/400E
AB/575E
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C001, CO02 series - AIR TUNING CAPACITORS

Type C001:40 x 40 mm
Type C002: 60 X 60 mm

These capacitors are designed for industrial electronic
equipment e.g. HF heating devices, radar and
measuring equipment, etc.

Angle of rotation................... 0 to 180° (15 to 175° between stops at removable lock) or 0 to
360°; for logarithmic laws 0 to 180° only;

Direction of rotation................ clockwise to increase the capacitance; anti-clockwise types avail-
able to special order;

Tolerance to law (curve) + 0.7% between 15 and 175°;

TOTQUE ceeiniieie e < 200 + (n—1) 50 gem (n = number of ganged units); 200 to

500 gem for heavy torque C001 single types (short shaft, with slot
for screwdriver);
Frame .o brass plates and nickel-plated bars, riveted and soldered together
Shaft. o ball bearings on both ends
a) none-insulated: one piece brass rod
b) insulated: brass and ceramic rods alternately linked;
Shaftend .....cooeiiiiiiiiiiins 6 mm diam., for C001 protruding 10 mm, for C002 protruding
14.5 mm; one end or both ends protruding up to 50 mm avail-
able to special order;

ROTOT i plain brass vanes soldered to the shaft;
StaAtOr i plain brass  vanes soldered to rod and these suspended and insula-
ted by means of ceramic pearls dipped in silicon;
Options to special order a) other than standard capacitance law curves;
b) other than standard voltages;
Contact resistance................... <5 mQ;
D.C. insulation resistance > 10000 Mfi;
Parallel damping . 10 mi? at 1.5 Mc/s, Cvar 50 pF or Cmax whichever is smaller;
Climatic conditions................ tropic and arctic proof
Temperature coefficient . . . . in 10-epF/pF/°C gangs 1 2 3 4
Co01 20+ 20 |30+ 3050 + 50
C002 j 30+ 30 50 + 50
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AIR TUNING CAPACITORS - C001, CO02 series

Dimensions

A

number of gangs
L Cc001
distance between mounting coo2
holes in mm (£ 0.5).............
¢ €001
€002
compartment length in mm Coo1
(£0.2) i, C002
. C001
+
shaft length in mm (£ 0.5) C002
. . Co01
+
shaft height in mm (+ 0.5) . h C002
Type numbers
single stator
non insu- . lated
lated insulate
C001 linear law, standard torque AA DA
linear law, heavy torquel. AE DE
C002 linear law .....ccceeeenennen. AA DA
logarithmic law............. AC DC

1Single-gang version only.

45
67

N
di

4-

76.5
117.5

22
35

31.5
50.5

16
18

22.5
32.5

]
ol f

L

split stator
non insu- .
lated insulated
BA EA
BE EE
BA EA
BC EC

3 4

108 139.5

168 218.5
@ R\

t g
LT

differentiall
non insu- .
lated insulated
CA FA
CE FE

Example of a type number: triple version 60 x 60, logarithmic, 160 pF, insulated single stator:

C002 DC/3 x 160E.
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C001, CO02 series-AIR TUNING CAPACITORS

Type number CO0l. /oesize ax b = 40 x 40 mm, linear capacitance law

single-stator
or differen-
tial typel

split-stator
type

“var (pF) 16
CO (pF)+1 pF2 8
Vtest (Vdc)3 2500
CVar (pF) 6.4
C,, (pF) £ 1 pF 3

4000

Vtost (V,c)4

25
8.5
2000

10
3
3000

40
9
1500

16
3.6
2000

64
9
1000
25

2000

Type number C002. /. »size a x b= 60 x 60 mm, linear capacitance

single-stator ¢ yar

split-stator
type

(PF) 100 125 160

co (pF) + 1 pF2 14.5 15 15.5
Vtest (Vdc)3 2000 2000 1500
Cvar (PF) 25 32 40
CO0 (pF) £ 1 PF 5 5 5
4000 3000 3000

Vtest (Vdc)l

200
16
1250

50
5
2500

250
16
1250

64
5.5
2000

Type number C002. /. »size a x b = 60 x 60 mm, logarithmic capacitance law

single-stator

split-stator
type

1Differential type only C001 ./. .

(PF)
(PF)+1 PF2
(Vdc)3

Avar
cO

“test

Crar (PF)
cO F z 1pF
“es+. (Vdc)l

100 125
13 13
1500 1250
25 32

5 5
2500 2500

160
14.5
1000

40
5.5
2000

200
14.5
1000

50
5.5
2000

version up to and including Cvar = 160 pF.

2For the differential version the C,, values are 1 pF less than the tabulated values.
3 Between rotor and stator
4Between the two stators
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100 160

10 11

1000 800

40 64

4 4

1600 1300

law

320 400 500
17.5 19 20.5
1000 1000 1000
80 100 125
5.5 5.5 6
2000 2000 1600
250 320 400
14 14 14
1000 800 800
64 80 100
5.5 5.5 5.5
1600 1600 1600

250
11.5
650

640
21.5
800

500
14
650

125
5.5
1300



CORRECTING AIR CAPACITORS - C003 series

Type for industrial application

Base .
Rotor

Stator..oooiiieiiiiieenns
Mounting....cocoeeieenenns

Climatic conditions

Available on request types
with

nickel-plated brass with pressed-in siliconized ceramic stator supports,
brass vanes soldered on a shaft, which has a double-track ball-bearing and
is slotted for screwdriver operation (0.8 mm width, 1.2 mm depth).
Friction springs ensure a stable setting; insulated or non-insulated rotor
optional. The 6 mm a shaft can also be fitted with a control knob,
brass vanes soldered to brass studs which are fixed to the ceramic stator
support of the base.

in a10.5 mm hole in a4 mm max. thick panel by means of a nut, supplied
with each capacitor,

tropic and arctic proof.

a. different operating voltages;
b. variations of capacitance;
c. different shaft lengths.

Capacitance range, type numbers and dimensions

type no. single-stator type

non-insulated.........oooiiiiiiiiiian CO003AA/ ..
insulated......oooiiiii CO03DA/ ..
variation of capacitance (PF) 2.5 4 6.4 10 16 25 40 64 100
max.zero capacitance (PF) 2.5 2.5 3 3 3 4 4 4 4
test voltagel............. (Vge) 1500 1500 1500 1000 1000 1000 800 800 650
length L ..o.ooooiiiiiiiis (mm) 23 23 23 23 23 28 28 28 28
type no. split-stator type i differential type
non-insulated................... CO03BA/.. CO03CA/..
insulated.............ooooienni. CO03EA/.. | COO3FA/..
variation of capacitance (PF) 1.6 4 10 2.5 10 40
max. zero capacitance (PF) 1.5 2 2.5 2.5 3 4
test voltagel............. (Vac) 2000 2000 1600 1500 1000 800
length L ....ooooiiiiianns (mm) 23 28 28 23 23 28

1 For singie-scator and differential types between rotor and stator; for split-stator type between two stators.
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C005 series - CONCENTRIC Am TRIMMERS

13 ¢
« 131>.
I [ ]
7242 658A
C005BC
maximum dimensions (mm)
version type number below | above
chassis (a) | chassis (b)
non-insulated C005 BA/ .. 4 + 0.2 28
insulated C005 AA/ .. 95+ 2 28
non-insulated;
screwdrive r-operated C005 BB/ .. 95+ 2 41.5
insulated;
screwdriver-operated C005 AB/ , . 95+ 2 41.5
mounting on
printed-wiring board C005 BC/ .. 4 £ 0.2 34
mounting on
printed-wiring board; C005 BD/ .. 4 £ 0.2 47.5
screwdriver-operated
Example of indication : 6.4 pF trimmer for printed-wiring mounting: C005 BC/6E4 sx0 I I

For CO05BC and BD

Variation of capacitance (PF).....ccoeevieneennnns .. . . 6.4 10 16 25
Maximum zero capacitance (pF) . . . . L. . 4 4 4 4
Test voltage (Vdc) ..o, 1000 650 500 500

tropic and arctic-proof, according to MIL and IEC requirements

Climatic conditions
D24



CA/CC versions
type number

variable capacitance.
zero capacitance
parallel damping

dimensions (mm)

CONCENTRIC AIR TRIMMERS - CO05 series

CO05CA/30E
min. 27 pF
max. 3 pF
min. 3 MB

25.5
10
16

CO05CA/60E
min. 58 pF
max. 3.5 pF
min. 3 MR

37

16

27

C005CC/30E
min. 27 pF
max. 3 pF
min. 3 MRB

32.5
15
22.5

C005CC/60E

min. 58 pF
max. 3.5 pF
min. 3 MR

44.5
21
33.5
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C012 series - AIR TRIMMER

Type for industrial application.

high-quality siliconized ceramic.
silver-plated brass vanes, soldered on a shaft which is slotted for
screw-driver operation; slide bearing.

Stator..coooiiiiiiiiian. silver-plated brass vanes, supported by bars which are soldered onto
the ceramic base.

Mounting.........c.c.eeeei. by two M2.6 screws spaced of 12 mm apart in a3 mm max. thick panel,

Climatic conditions . . . tropic and arctic proof.

Capacitance range, type numbers and dimensions

variation of max. zero test dimension type number
version capacitance capacitance voltage without locking
(PF) (PF) fvdcd (mm) device
single-stator type 2.5 3 1250 17.5 C 012AA/2E5
4 3 1000 17.5 C 012AA/4E
6.4 3 800 17.5 C 012AA/6E4
10 3 800 21 C 012AA/10E
16 3 800 21 C 012AA/16E
split-stator typel 1.6 2 1600 17.5 C 012BA/1E6
2.5 2 1600 21 C 012 BA/2E5
4 2.5 1600 21 C 012 BA/4E
differential type 10 3.5 800 21 C 012CA/10E
16 3.5 800 21 C 012CA/16E

1 Measured between the two stators
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AIR TRIMMER- COO06 series

Not fitted with locking device.

BaSE et high-quality siliconized ceramic material.

ROTOT e silver-plated brass vanes, soldered on a shaft which is slotted for screw-
driver operation, with or without a locking device; slide bearing,

Stator .o silver-plated brass vanes, supported by sturdy bars, which are soldered
onto the ceramic base.

MOUNTING . cueueeieeieenannans by two M3 screws spaced of 13 mm apart in a 3 mm max. thick panel

Climatic conditions . . . tropic and arctic proof.

Capacitance range, type numbers and dimensions. Preferred types in bold print

type number

variation of max. zero test dimension without with
version capacitance capacitance voltage L locking locking
(PF) (PF) (Vic) (mm) device device
single-stator type 6.4 3 1000 16 COO6AG/6E4 COO06AH/6E4
10 3 800 16 CO06AG/10E CO06AH/10E
16 3.5 800 19.5 CO06AG/16E CO06AH/16E
25 3.5 800 19.5 CO06AG/25E CO06AH/25E
40 4 650 19.5 CO06AG/40E CO06AH/40E
split-stator type 1 2.5 2 1600 16 CO006BG/2E5 CO06BH/2E5
4 2.5 1600 19.5 C006BG/4E CO06BH/4E
6.4 2.5 1600 19.5 C006BG/6E4 CO06BH/6E4
differential type 6.4 3 1000 16 C006CG/6E4 CO06CH/6E4
10 3 800 16 C006CG/10E CO006CH/10E
16 3.5 800 19.5 C006CG/16E C006CH/16E
25 3.5 800 19.5 C006CG/25E CO06CH/25E

1Measured between the two stators.
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C009 series - AIR TRIMMER

Mounting...coceeeeiivieinnnen
Climatic conditions

33,5
20 x 24
16
FLR
ii ii !
Hf a ®
|11 ]L

7262662.1

Not fitted with locking device.

high-quality siliconized ceramic material.

silver-plated brass vanes, soldered on a shaft which is slotted for screw-
driver operation, with or without a locking device; slide bearing,
silver-plated brass vanes, supported by sturdy bars, which are soldered
onto the ceramic base.

by two M3 screws spaced of 16 mm apart in a max. thick 3 mm panel,
tropic and arctic proof.

Capacitance range, type numbers and dimensions. Preferred types in bold print

variation maximum type number
of zero test dimension without with
version capacitance capacitance voltage L locking locking
(PF) (PF) (vac) (mm) device device
single-stator type 10 3.5 1500 23 CO009AF/10E CO09AG/10E
16 3.5 1000 23 CO09AF/16E CO09AG/16E
25 4 1000 23 CO09AF/25E CO09AG/25E
40 4.5 1000 26.5 CO09AF/40E CO09AG/40E
64 5 800 26.5 CO09AF/64E CO09AG/64E
100 5.5 800 36.5 CO009AF/100E CO09AG/100E
split-stator typel 2.5 2 2500 23 CO009BF/2E5 CO09BG/2E5
4 2 2500 26.5 CO09BF/4E CO09BG/4E
6.4 2 2000 26.5 CO09BF/6E4 CO09BG/6E4
10 2.5 1600 26.5 CO09BF/10E CO09BG/10E
16 3 1600 36.5 CO09BF/16E CO09BG/16E
25 3 1600 36.5 CO009BF/25E CO09BG/25E

1 Measured between the two stators.
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Linear and non-linear

resistors



CONTENTS

FIXED LINEAR RESISTORS

series
Carbon resistors for general applications
Survey of insulated and high stability types........c.ccoiiiiiiiiiiiinnn.
Insulated types
0.1w, 0.125W, 0.25W, 0.5 W, 1W, 2W, tolerance 5% and 10%. . B8305
0.125W stand-up version, tolerance 5% and 1 0 % .....ccceeueinviennnnnen B8405
0.1 W with tangential leads, tolerance 1 0% ......ccouveevueiueieenunneennnns B830631

0.0SW pin head version for micro-size applications, tolerance 20% . E011

High stability types
0.125W, 0.25W, 0.5W, 1W, tolerance 1 % .......cceeeemieieneniuinnnnenns E003

Moulded metal-film resistors

0.25W, 0.5W, 1W, tolerance 1%; 0.5%; 0.25%; 0.1% . . . . RNGOE

W ire-wound resistors for general applications

0.25W, tolerance 1%; 0.5%; 0.25%; 0. 1% «eueueennrnieieaeaeaeaneenanas E1UEB
0.4W - 1,8W, precision low-power types, tolerance 0.25%, 0.5% . 8351
5.5W-16W, tolerance 5% (low values 1 0 % ) .ccceverneiieineiniinannnnen. 8354

S5W, 8W green cemented.....coooiiiiiii i
1W (lowohmic), tolerance 1 0 %
Survey of adjustable and non-adjustable high-power types .

adjustable 10W -40W, tol. 5% Or 1 0 % .coeereeiniiiiniieieeiieaeenenas B83004

adjustable 6 0W - 250W, tOl. 5% «oueueueeinineeiee e eaeaaeas B83004
non adjustable 8W -40W , tol. 5% Or 10% ..coevueieiuiiniiniiieanennens B83003
non adjustable 60W - 250W, tol. 5 % B83003
cemented section types 20W - 44W, 23W - 52W, tolerance 10% . B8301.

VARIABLE LINEAR RESISTORS

Carbon potentiometers for general applications

Trimming potentiometers (screwdriver-operated)

miniature version for transistorised equipment........c.cooeieiiei... E086
types for radio television recCeivVers. ... iiiiii i E097
Single potentiometers, without or with single-pole switch

16 mm version for use in transistorised equipment................... E088
23 mm version, conform MIL R-94A and CCTU-05-01 spec. . E087
23 mm single, tandem and twin potentiometers for use in radio and TV

single, without or with single or double-pole switch................... E098
tandem, without or with double-pole rotary switch (26mm 0) . E091

twin, without or with single-pole (23 mm 0) or double-pole rotary
SWILCh (26 MM 0 ) oouiii ettt et es E090
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NON-LINEAR RESISTORS

NTC - Negative-temperature-coefficient thermistors

o N OA®WN R

PTC

. standard disC types SEries B ..o
. standard disSC types SErieS E ..ot
. standard rod types...
. MOUNTEA dISC LY P B S tueiniiii ittt as

MINIATUNE T Y P B S ittt ettt et e e e aeees

.indirectly heated Ty P & S .o
. special types for motor cars andhousehold appliances......c..c..co......
. special types for radio and television

- Positive-temperature-coefficient thermistors

. standard discs 1 W, 40-50 V o

2. standard discs 0.5 W, 25 V it

VDR

o o, WN P

LDR

o SPECIAL T Y P B S ettt

-Voltage-dependent resistors

. standard disc types With le ad S .....coiiiiiiiii e
. standard disc types with ahole .. .
L Standard rod Y P & S et
. small disc types for special PUTIrP 0SS ittt
. special disc types for contact protection ......ccoeiiiiiiiiiiiiiiiiiiieanens
C ASY MM BT C By P B S ettt ettt et et aas
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E35
E36
E37
E38
E39

E42
E44
E46
E48
E50
E54
EGO
E61

E70
E73
E76

E77
E82
E83
E84
E85
E86

E88
E89
E90



General survey - CARBON RESISTORS

At the left, insulated carbon resistors; at the right high-stability types.
From top to bottom 0.125W, 0,25W, 0,5W, and 1W types.

Resistors of the cracked-carbon film construction have superior figures for stability of resistance, noise
level and temperature coefficient as compared with resistors of carbon-composition construction.

Two classes of carbon resistors are available:

1. insulated types, resistance tolerance 5%, 10%
power rating at 70 °C: 0,1W, 0.125W, 0.25W, 0,5W, 1w, 2W

2. high stability types, resistance tolerance 1%
power rating at 70 °C: 0,125W, 0,25W, 0,5W, 1W

power rating

resistance range tolerance at 70 °C type number
(%) W)
insulated types
10X2 - 10MX2 + 5 + 10 0.10 B8 305 00
1X2 - 220 kX2 +5, = 10 0.125 B8031 OXN
3.3X2 - 10MX2 + 5 10 0.25 B8031 05
10X2 - 22 MX2 + 5, + 10 0.50 B8031 06
10X2 - 22 MX2 + 5 = 10 1 B80 31 07
10X2 - 10MX2 +5, 10 2 B8 305 08
high-stability types
10X2 -0.62 MX2 + 1 0.125 EO00 3AB
10X2 - 1 MX2 + 1 0.25 E00 3AC
10X2 - 1.6 MX2 + 1 0.50 EOO0 3AD
10X2 - 1.6 MX2 + 1 1 E00 3AG



CARBON RESISTORS - General survey

Resistance ranges

E12 range; tolerance + 10% (multiplicand 0.1, 10, 100, etc.)

Rnom (Q) 10 12 15 18 22 27 33 39 47 56 68 82
code (x 1) 10E  12E 156 18E 22E 27E 33E 39E 47E S6E 68E  82E
(X 10) 100E 120E 150E 180E 220E 270E 330E 390E 470E 560E 680E 820E

(X 100) 1K 1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 ©5K6 6K8 8K2

(X 1000) 10K 12K 15K 18K 22K 27K 33K 39K 47K 56K 68K 82K
(X 10000) 100K 120K 150K 180K 220K 270K 330K 390K 470K 560K 680K 820K
(X 100000) iM 1M2 1M5 1M8 2M2 2M7 3M3 3M9 4M7 5M6 6M8 8M2

E24 range; tolerance +5% (multiplicand 0.1, 10, 100, etc.)

Rnom (O) 10 u 12 13 15 16 18 20 2 24 27 30
code (x1) 10E 11E 12E 13E 15E 16E 18E 20E 22E 24E 27E  30E
(x 10) 100E etc.
Rnom (Q) 33 36 39 43 47 51 56 62 68 75 82 o1
code (X 1) 33E 36E 39E 43E 47E B51E 56E 62E 68E 75E 82E  91E

(X10) 330E etc. see E12 range

Colour code
(insulated types only)

resistance

i multiplicand
tens units p tolerance

black 0 0 silver £10%
brown 1 1 10 gold £5%
red . . 2 2 100

orange . 3 3 1,000

yellow . 4 4 10,000

green 5 5 100,000

blue 6 6 1,000,000

violet 7 7

grey 8 8

white 9 9

Insulation resistance: this is measured at 500 + 50 Vdc for 1 min + 5 sec, in accordance with section
2.4.2. of the IEC Publication No. 109.
Stability test: a direct voltage is applied in cycles of 90 min. on and 30 min. off, at an ambient tem-
perature of 70 + 2 °C, throughout an endurance test of 42 days. The voltage applied is the maximum
permissible voltage.
Damp-heat test (long-term exposure): the resistors are subjected to the test-C procedure of the IEC
Publication No. 68. Insulated types for 21 days, high-stability types for 56 days.
Guarantees: ZIR = 1% for Rnom = max. 100 kQ\ zIR = 2% for Rnom = between 100 k£> and>
| MD; ZIR = 3% for Rnom = beyond 1 M.Q.

B>



B8 305, series - CARBON RESISTORS

INSULATED TYPES 0.1w, 0.125W, 0.25W, 0.5W, 1W, 2W

"UNG_ — V. .
724
B J Lmax
Noise at resistance values
3.38 - 1 MR: < 2fiv/V
I1MRB-10 MR: < 3/tV/V
10 MB - 22 MB: < 5//N/N
i maximum  dissipation  maximum
resistance at: continuous dimensions (mm)
rangel operating tolerance type number
70°C2  40°C2  voltage V)  Amax  imax  d
(W) (W) (d.c.ora.c.) 0 0 (%)
108 -120 kB 0.1 0.2 100 1.6 7 0.4 + 5 B830500B/...
10R - 10 MR + 10 B830500A/...
3.3B - 220 kB 0.125 0.25 250 2.5 9 0.6 + 5 B8031 04NB/ .
1B - 2.7kRB + 10 B8031 04NA/.
10B8- 1MR 0.25 0.5 350 3.7 13 0.7 + 5 B8031 05B/...
3.3B8 - 10 MRB + 10 B8031 05A/. ..
10R- 15MRB 0.5 1.0 500 5.2 20 0.8 +5 B8031 06B/...
108 - 22 MRB + 10 B8031 06A/. ..
108 - 22MRB 1 15 750 6.8 28 1.0 + 5 B8031 07B/. ..
10R - 22MRB + 10 B8031 07A/. ..
10B-10 MR 2 3 1000 9.3 39 1.0 + 5 B830508B/.. .
10R -10 MR + 10 B830508A/...
Values: tolerance + 5% E 24 series; tolerance + 10% E 12 series; a ambient temperature.
general data dissipation
0.1w 0.125W | 0.2SW 0.5W 1w 2w
critical resistance (fi> 100 — 490 500 560 500
insulation resistance (x1000 MfI) 50 50 1000 1000 1000 20
stability after 2000 hours 1 3 4 4 6 6
maximum rise in surface temperature at Pnom (°C) 30 30 30 55 70 85
Derating curves (power rating as a function of ambient temperature)
0.1W 0.125/0.25/0.5W 1 and 2W
200 7244021
¢ 160
o
a 120
80 15
40
1
Ol — - - HB— - I_X.
-55 0 40 80 120 160
L§®) t(°C)

E6



CARBON RESISTORS - B8 405 series

STAND-UP TYPE 0.125W

The properties are the same
as for type B8 031 04NB/...

maximum
resistance max. dissipation at continuous
rangel operating vol- tolerance type number
70 °C2 40 °C- tage (d.c. or a.c.)
(W) (W) ) %
3.3f2-220k.Q 0.125 0.25 250 +5% B840504B/...

1Values E 24-series; 2ambient temperature.

CARBON RESISTORS-B8 306 3l series

WITH TANGENTIAL LEADS -0.1W

58+02
The properties are the same as for
type B830500A/... (see preceding page)
maximum
i max. dissipation at continuous
re:;s::g;e operating vol- tolerance type number
70 °0 40 °C- tage (d.c. or a.c.)
W) (W) ) (%)
100-10M Q 0.1 0.2 100 10 B830631A/...

1Values E24-series; 2 ambient temperature.



£011 series - CARBON RESISTORS

INSULATED PIN-HEAD TYPES 0.05W

Noise: <10 /tv/V

This resistor is as small as a pin’s head ; it consists of a pellet
of carbon composition which ensures a high reliability;
its stability, however, is less favourable than that of our
cracked-carbon standard resistors; main application in
miniature apparatus, such as hearing aids, small-distance
calling sets, weather radio-probes, etc.

maximum max. continuous
resistance rangel | dissipation operating voltage tolerance type number
at 10 °C2(W) (d.c. or a.c.) (V) %
47.0-120 k.0 | 0.05 50 +20 EO011 AB/P

Values E12 series; 2 ambient temperature.

Derating curve

Resistance variation after 1000 hours: JR < 10%

After moisture test I.E.C., publication 68, test C (21 days
exposure to damp heat at 40 °C and a relative humidity
of 90-95% without drying) JR < 10%

E8



CARBON RESISTORS - EO03 series

HIGH STABILITY TYPES - 0.125W, 0.25W, O.SW, IW

2B

Noise max. 0.5 ~V/V;

at resistance values

beyond 150 kfl for EO0O3AB-E003AC:
max. 1 /<V/NV

beyond 470 kQ for EOO03AD-E003AG;
max. 1 //NN

maximum maximum . .
Lo - dimensions (mm)
istance rangel dissipation continuous ope- tolerance type number
rests 9 at 70°0 rating voltage ! Amax  ~Amax d Y
0
(W) d.c. or a.c. (V) 0 0 (%)
10R-620kRB 0.125 350 3.9 13 0.7 + 1 EO03AB/D. ..
10R8- 1MRB 0.25 500 5.2 20 0.8 + 1 EO03AC/D.. .
10R-1.6 MR 0.5 750 6.8 28 1.0 + 1 EO03AD/D...
10R- 1.6 MR 1.0 1000 9.3 39 1.0 + 1 EO03AG/D...
1 Values E24 series; 2 ambient temperature
Derating curve (power rating as a func- o
tion of ambient temperature) dissipation

general data

0.12SW 10.25W 0.5W 1w
insulation resistance
(x 100 Mf3) . . . 1000 1000 1000 20
stability (after 1000
hours) AR at Pnom =

max. 91 kfl . (%) 0.5 0.5 1 1
zIR at Pnom min. 100
ka .. . (W) 1 1.5 15 2

maximum rise in sur-
face temperature at

Phroms = = CO 15 30 35 40
E9



MOULDED METAL-FILM RESISTORS

CONFORM MIL-R-10509E - RN60 - RN65 - RN70

38:3 |, Lmg» J< 38%3
72<.6999

Noise: less than 0.5 /<V/V
Stability: after 1000 hours of loading
at Pnom at an ambient temperature
of 125°C, the resistance variation
is max. + 0.5%

maximum dissipation i i
dimensions (mm)

resistance at: tol. type
range 125 °C 75 °C Amax rex d number
(W) (W) (0) (0) (%)
49.90 _499kR 0.125 0.25 3.9 11.15 0.6 1 RN6OE/. . F
49.9.0 _ 499k0 0.125 0.25 3.9 11.15 0.6 0.5 RN6OE/. . D
49.9Q - 499kR 0.125 0.25 3.9 11.15 0.6 0.25 RN60OE/. . C
49.9.Q - 499k.0 0.125 0.25 3.9 11.15 0.6 0.1 RN60OE/. . B
4998 - 1MRB 0.25 0.5 5.8 16.7 0.6 1 RN65E/. . F
49.9R- 1MR 0.25 0.5 5.8 16.7 0.6 0.5 RN65E/. . D
4998 - 1MRB 0.25 0.5 5.8 16.7 0.6 0.25 RN65E/. . C
49.9R - 1MR 0.25 0.5 5.8 16.7 0.6 0.1 RN65E/.. B
2498 - 1MRB 0.5 1 8.1 20.6 0.8 1 RN70E/. . F
2498 - 1MRB 0.5 1 8.1 20.6 0.8 0.5 RN70E/. . D
24.9R - 1MR 0.5 1 8.1 20.6 0.8 0.25 RN70E/.. C
24.9R3 - 1MB 0.5 1 8.1 20.6 0.8 0.1 RN70E/. . B

Derating curve

All RN..E resistors have a temperature coefficient of + 25
ppm. They are also available with a temperature coefficient of
+ 50 ppm (RN..C/...) and with a temperature coefficient of
+ 100 ppm (RN..A/...).

The RN. .A series with a temperature coefficient of 100 ppm
are only available in tolerances of 1% (F) or 0.5% (D).

E10



WIRE-WOUND RESISTORS - E114EB series

Properties and dimensions are identical to those of the metal-film resistors R.N60E/....
These resistors have been developed to be used as a complement to the metal-film series as regards

the low-ohmic values.

resistance
range

1.0- 50.0
10 - 500
100-500
500 - 500

1E24 range 2E96 range

maximum dissipation
at:

125 °C
(W)

0.125
0.125
0.125
0.125

3 E192 range

75 °C
(W)

0.25
0.25
0.25
0.25

dimensions (mm)

~max
0

3.9
3.9
3.9
3.9

Nmex

11.15
11.15
11.15
11.15

0.6
0.6
0.6
0.6

to/. type
number

(%)

1 E1UEB/F. ..

0.5 E1UEB/D. ..

0.25 E1UEB/C. ..

0.1 E1UEB/B. ..

Derating curve

Ell



8351 series - WIRE-WOUND RESISTORS

PRECISION TYPES - 0.4W, 0.6W, 0.7W, 1.2W,

These small low-power resistors are eminently suitableforapplications requiring dependable, accurate
and highly stable resistances, as e.g. in telecommunication
other professional equipment. They are particularly suited for use in low-frequency filters. Owing
to their lightness, the resistors can be mounted in the wiring of the apparatus. The resistors are tropic

proof, and are coated by a red lacquer.

maximum

resistance rangel dissipationat

40 °C2(W)
1R3-32008 0.4
3R-6800R 0.6
2.2R-120008 0.7
18R-33000R 1.2
27R-56000R 1.8

1 E24 series; a ambient temperature

dissipation

(W) -25 x 10d°C
0.4 1-250

0.6 3-670

0.7 6-1340

1.2 17-3650

1.8 25-6300

Stability.

After 1000 hours of continuous loading atW maxat an
ambient temperature of 40 °C, the resistance variation
is max. + 0.25%, even under adverse climatic condi-

tions.

1.8W

installations,

maximum dimensions (mm)

L1
13
19
28
43
67

~N ~N oo~ O

temperature coefficient

| +25 x 10 &°C

| 251-3200

671-7000
1350-12500
3660-33000
6310-57000

Minimum permissible temperature — 55 °C

Derating curve (power rating as a function of ambient

temperature)

tolerance type number

d CON
0.8 83510.7. ..
0.8 + 025 83511 ./. ..
08 /i ng 83512./. ..

1 83513./7. ..

1 83514./. ..

Composition of the type number
83510./. ..

tolérance-"----- 1 | »résistance value

F= % 0.25%

E= + 05%

t*max (%)

ttoc)

measuring apparatus and



WIRE-WOUND RESISTORS - 8354 series

BROWN ENAMELLED TYPES -S.5W, 8w, 10W, 16W

These light-weight, brown enamelled,
wire-wound resistors have been de-
signed with the main object of obtaining
maximum reliability and great mechanic-
al strength. As a consequence of their
small dimensions, these resistors can be
mounted in the wiring of the apparatus.
The resistors are tropic proof.

maximum

72C660C

. o maximum
resistance rangel maximum permissible dimensions (mm) tolerance type number
dissipation2 voltage
at 40°C (W) ) diam. max (%)
4.78-180R 5.5 400 8 19 + 10 83540A/...
200R -15 kR 5.5 400 8 19 + 5 83540B/...
4708 - 47R 8 725 8 28 + 10 83541A/. ..
513 - 33 kR 8 725 8 28 + 5 83541B/...
108 - 56 kB 10 1050 8 42 + 10 83542B/...
158 - 100 kR 16 1800 8 65 + 5 83543B/...

1 Tolerance = 5% : E24 series; 2 tolerance *

10%: E12 series; ambient temperature

Permissible load

For resistors mounted horizontally in afree space without
draught and with a temperature of 40 °C, the temperature
rise is max. 330 °C when being loaded at W max.

Permissible temporary overloads:
2 W max for 15 minutes;
10 W max for 10 seconds.

Minimum permissible temperature; —55 °C

Temperature coefficient; — 50 to +140 x 10‘6Q per ohm
and per °C. This amounts to a change of the resistance
between —0.5 and +1.4% per 100 °C temperature rise

Derating curve: see figure.

The resistors can be mounted with the aid of mounting
brackets or be connected to the wiring.

E13 -



E112 series - WIRE-WOUND

GREEN CEMENTED TYPE 5W

resistance
range

6.8.Q-27 Q
30 Q- 10 kQ
5.60-47 Q
56 .0- 4.7kQ

WIRE-WOUND RESISTORS

maximum dissipatioi
at 40 °C (W)

o1 01 O ©

E108AA-series (tentative)

LOW-OHMIC, GLASS SEALED -1W

(see also page E15)

These resistors have been specially developed for ap- !

-8W

RESISTORS

Because of their small dimensions these load resis-
tors are very suitable to be included in the wiring
of electric and electronic apparatus, e.g. in T.V.
sets.

The cement protection is non-inflammable.

plication in transistorized circuits with very low resis- i

resistance
range

0AQ-6.&Q

For derating curve and

EU

maximum dissipation

at 40 °C (W)
1

23+2 (D,
d
€
7246232.1
maximum dimensions mm)
to/. type
I Amax Aot Amex d % number
o 0
7 30 25 1 10 E112AA/A. ..
7 30 25 1 5 E112AA/B. ..
5 22 17 0.8 10 E112AB/A. ..
5 22 17 0.8 5 E112AB/B. ..
il
Yy,
4* 1 28+1 *TEX t 284
246301
dimensions (mm)
tolerance % type
Amax Lmax number
2.25 24 10 E108AA/. ..

t-curve see next page.



WIRE-WOUND RESISTORS - B8 300 series

GENERAL SURVEY

Survey of adjustable and non-adjustable types

These green enamelled wire-wound resistors have been designed to obtain maximum reliability and
great mechanical strength. They are made of top-grade materials and are subjected to severe tests.
The resistors are tropic-proof; they are available in adjustable and non-adjustable versions, both with
soldering taps or with screws on the side terminals. Climatic group number 55/155/56 according
to IEC68.

Permissible voltage between resistor and metal mounting plate

Adjustable (with movable connecting strap)

10W -40W U00 V for B830042 to B83CHK5
60W-250W 1800 V for B830046 and B830047
Non-adjustable
BW =4 0W o 1100 V for B830031

U00 V for B830032 to B830035
BOW =25 0W Lttt 1800 V for B830036 and B830037

2000 V for B830038 and B830039

Max. dissipation (see following pages)

Permissible temporary overloads: 2W max for 15 minutes, 10W max for 5 seconds.

Minimum permissible temperature: -55 °C (maximum dissipation at 40 °C ambient temperature)
For resistors mounted horizontally in a free space without draught and with a temperature of 40 °C,
the temperature rise is max. 330 °C when being loaded at W max. For higher ambient temperature,
see figure.

Temperature coefficient -50 to +140
X 10"6Q per ohm and per °C. This
amounts to a change of the resistance
between — 0-5% and + 1.4% per
100 °C temperature rise.

Mounting.

The resistors should preferably be moun-
ted by means of a rod passed through
the tube. Suspension to the terminals is
permissible for 8W types only.

Derating curve: see figure

(see also page E14) WIRE-WOUND RESISTORS-E108AA series

ambient temp (QQ P(W)
E15



B8 300 series - WIRE-WOUND RESISTORS

ADJUSTABLE TYPES

Maximum dissipation is only permissible if the full length of the resistance wire is used. If only part
of it is used, the permissible load is a proportionate part of W max.For example, an adjustable resistor
of 120X2, 100W, of which only 90X2 is used, may be loaded up to 90/120 x 100 = 75W.

10w, 16W. 25W, 40W - enamelled

The resistors are provided with soldering tags and an adjustable connecting strap.

maximum dimensions (mm)
resistance rangel dissipation2 tolerance type number
at40°C(W) mnpex Amax A (%)

1.2X2 - 27X2 10 42 29 11.5 17 + 10 B830042A/. .
30X2 - 3300X2 +5 B830042 B/. ..
1.5X2-2.7X2 16 65 52 11.5 17 + 10 B830043A/. ..
3X2 - 6800X2 +5 B830043B/. ..
2.7X2-15X2 25 65 52 16 18.5 +10 B830044A/. ..
16X2-9100X2 + 5 B830044 B/. ..
4.7X2 - 18000X2 40 103 89 16 19 +5 B830045 B/. ..

1 Resistance values: tolerance * 5% : E24 series; tolerance + 10%: E12 series; 2 ambient temperature
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WIRE-WOUND RESISTORS - B8 300, B8302series

ADJUSTABLE TYPES

60W, 100W, 160W, 250W - enamelled

The resistors are provided with screws on side terminals and an adjustable connecting strap
For low-ohmic resistance values see B83024.series

maximum P :
resistance dissipation2 ! dimensions (mm) tolerance type number
rangel at40°C(W)  ~max LI 1Dmaxj A (%)
2.4kR-24 kR 60 103 78 32 30 + 5 B830046B/. ..
4.7kR-47 kB ; 100 165 138 32 30 1 + 5 B830047B/. ..
7.5kR-75 kR 160 165 132 44 37 + 5 B830048B/.. .
12 kB-130kR 250 256 222 44 37 + 5 B830049B/. ..
1 Resistance values: E24 series: 2 ambient temperature

60W, 100W, 160W, 250W-cemented

Properties of these resistors are similar to those of the enamelled types B83004.B/...

resistance
rangel

3 B - 2.2kB
6.88 - 4.3kR
10 B - 6.8kR

16 B-11 kB

3 Resistance values:

maximum
dissipation2
at 40 °C (W) max
60 103
100 165
160 165
250 256

di mensions (mm)

L1 Amax

78 32
138 32
132 44
222 44

E24 series; 2ambient temperature.

30
30
37
37

tolerance

(%)

+ o+ I+
[S2BN¢) BN BN d)]

type number

B8 302 46B/. ..
B8 302 47B/...
B8 302 48B/. ..
B8 302 49B/. ..

E17



B8 300 series-WIRE-WOUND RESISTORS

NON ADJUSTABLE TYPES

The resistors are provided with soldering tags on the side terminals.

i maximum dimensions (mm)
resistance dissipation2
rangel at40°C
(W) A-max Amax A
1R-100R 8 26 17 11.5 16.5
1100-6800"."
1.28-278 10 42 29 11.5 17
30R8-15000R
1,58 - 2.78 16 63 52 11.5 17
3R - 330008
2,76 - 158 25 65 52 16 18.5
161 - 47000.0
4.78 - 820008 40 103 89 16 19

tolerance

(%)

+ 10
5

10

dt 5

10
5

10
5
5

I+

I+

I+

+ I+

+ I+

type number

B830031A/. ..
B830031 B/. ..
B830032A/. ..
B830032B/. ..
B830033A/. ..
B830033B/. ..
B830034A/. ..
B830034B/...
B830035B/. ..

1 Resistance values: E24 series tolerance + 5% ; tolerance E12 series + 10%; 2 ambient temperature
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The resistors are provided with screws on the side terminals.

resistance
rangel

2.4kR-68 kB
4.7kR-120kR
7.5kR-180kR
12 kR-330kRB

WIRE-WOUND RESISTORS - B8 300 B8 302 series

maximum

dissipation2

(W)
at 40 °C
60
100
160
250

mex

103
165
165
256

dimensions (mm)

Li ~max
78 32
138 32
132 44
222 44

1 Resistance values: E24 series: 3 ambient temperature

NON ADJUSTABLE TYPES

60W, 100w, 160W, 250W-enamel led

tolerance
(%)
30 + 5
30 + 5
37 + 5
37 + 5

type number

B830036B/. ..
B830037B/. ..
B830038B/...
B830039B/...

60w, 100w, 160W, 250W-cemented

Properties of these resistors are the same as those of B83003.B/...

resistance
rangel

3 B - 2.2kR
6.8R- 4.3kRB
10 B - 6.8kRB

16 B-11 KRB

Resistance values:

maximum
dissipation2
W)
at 40°C

60
100
160
250

E24 series;

Nmex

103
165
165
256

dimensions (mm)

f-i max

78 | 32
138 32
132 44
222 ' 44

3 ambient temperature

tolerance
A
(%)
30 + 5
30 +5
37 + 5
37 + 5

type number

B830236B/...
B830237B/...
B830238B/. ..
B830239B/. ..
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B8 301 series - WIRE-WOUND RESISTORS

CEMENTED SECTION TYPES, MADE TO CUSTOMERS SPECIFICATION

24 — 52 W
These space-saving load resistors consist of a
resistor body on which two or more (maximum
nine) wire resistor elements can be wound,
either separately or interconnected. They can
be used to advantage in electric and electronic
apparatus in which more than one load resistor
is applied, e.g. in TV sets. The resistors must
be loaded with at least 60% of the nominal load
to protect them against humidity influences.
Features: low price, simple mounting, space sa-
ving, high permissible loading, non-inflammable.

Resistance values: minimum 3Q, maximum see
table. Resistance tolerance +10%.
Temperature coefficient —50 to +160.10~&/C

K = normally 4+0-6 mm
L = minimum 63 mm

loi maximum 140 mm
y Y 13
A?

version version

maximum permissible total load

maximum total P4 standard maximum
resistance valuel tube length number of sections

(kQ) version R (W)3 j version P(W) (mm)

20 24 28 75 4

30 32 37 100 6

35 35 11 110 7

30 38 44 120 8

48 44 52 140 9

1 Maximum values to be obtained with standard tube lengths

2 Pmax is the maximum permissible total load with the resistor mounted horizontally by means of mounting supports
and at an ambient temperature of 40 °C; 3 preferred version

* Max. permissible overload: during 15 minutes 2 x Pnom, during 10 seconds 10 X PnomfPnomis the maximum per-
missible load of a section at an ambient temperature of 40 °C).
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WIRE-WOUND RESISTORS - B8 301 series

CEMENTED SECTION TYPES, MADE TO CUSTOMERS SPECIFICATION

Two or mere resistor elements are wound in one layer on a ceramic tube version R or P (see figure).
The ends of the windings are provided with connecting tags. When the windings are interconnected
a common tag is used between the two resistors concerned, functioning as a tapping. The windings
are coated with a layer of green cement; the connecting tags are tinned.

The resistors can be mounted by means of a
bolt or a tapped rod passed through the
ceramic tube, or by means of mounting sup-
ports. Mounting supports for resistors of the
R-version are available under type number
B1 45513; supports for resistors of the P-ver-
sion are not available.

Composition of the type number B8 301../~
When ordering, please state: 4——— 1 L y serial number
basic type number B8301 ...
v

number of sections
resistance of each section
load PBom of each section
interconnections, if required
version R or P

number of sections
(see table)

oo s wn R

The resistor will be designed according to these data and with a minimum standard length (unless
otherwise specified).
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EO086 series - CARB

MINIATURE TRIMMER

ON TRIMMING POTENTIOMETERS

3.8+0.25 1840.1

This miniature version of the E097 series will find its application mainly
in transistorized equipment.

It is intended for pre-set resistance control with provision for re-adjust-
ments, and has a high degree of reliability in spite of its small dimensions.
Only one version is available, namely that for mounting on printed-
wiring boards.

The resistance values are between 100f2 and 1 MQ, the maximum per-
missible load at 40 °C ambient temperature is 0.1W (0.25W for the
EQ97 series).

The annular carbon track is riveted on a base plate of resin-bonded paper.
The stop is formed by the terminal for the runner. Adjustment is done
by means of a small screwdriver or trimming tool. The angle of rotation
is 240° £ 5°. The terminals will fit a printed-wiring board with a pitch of
2.54 mm.

RESISTANCE tO 1@ Ta N C @ L e + 20%
Resistance value as a function of the rotation an g le ... linear
Effective angle Of rotation ..o e 240° + 10°
Maximum permissible load (of total resistance) at an ambient temperature of 40°C . . 0.1W
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CARBON TRIMMING POTENTIOMETERS - EO86 series

MINIATURE TRIMMER

w)

Permissibleambienttemperature between— 10 and +70 °C
Humidity test at Rnom”~ 2.2kD . . AR < 5%
at Rnom”~ 4.7V.Q . . zIR < 25%
test according to IEC, i.e. during 56 days at 40 °C,
90 to 95% relative humidity, loaded with 0.1Pnom

Pmin Y ax max type
~nom (B) ) (mA) number
100 B 10 3.2 10 E086BC/100E
220 B 10 4.5 7 /220E
470 B 10 7 4.5 /470E
1 kR 20 10 3.2 /1k
2.2kQ 40 14 2.2 /2K2
4.7kQ 100 22 1.4 /4K7
10 kfi 200 32 1.0 /10K
22 kQ 400 45 0.7 /22K
47 kQ 1000 70 0.45 /47K
100 kR 2000 70 0.32 /100K
220 kR 4000 70 0.22 /220K
470 kR 10000 70 0.22 /470K
1 MB 20000 70 0.22 /1M

Rmin is the remaining resistance at either end just before the slider shorts to the respective terminal.
Vmax is the max. voltage (d.c. or r.m.s.) permissable between the ends of the resistance element at
Tamb =« > °C.

's max 's the maximum permissible current through the slider contact.
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EO97 series - CARBON TRIMMING POTENTIOMETERS

STANDARD TRIMMER, SCREWDRIVER-OPERATED

Permissible load

Maximum 0.25W at an ambient temperature of
25 °C, and maximum 0.15W at 70 °C.

The voltages Emax corresponding with these
loads at any actual resistance value can be
found by means of the figure.

Permissible temperature

The ambient temperature may lie between — 10
and +70 °C.

Tolerance = 20%

E24

These stable and reliable carbon trimming
potentiometers of simple construction are
particularly suitable for use in radio and televi-
sion receivers, for preset resistance control,
with facilities for casual adjustments.

The following versions are available:
1. type A - for direct mounting in the wiring;

2. type C - for vertical mounting, 3-pins
(printed-wiring);

3. type D - for horizontal mounting, 3-pins
(printed-wiring);

4. type E - for horizontal mounting, 3 tags (on
enlarged base);



CARBON TRIMMING POTENTIOMETERS - E097 series

STANDARD TRIMMER,

Composition of the type number

A, C, D or E version

Standard resistance values

value

1008
2208
4700

code

100E
220E
470E

value

1 kB
2.2kR
4.7kB

code value
1K 10kR
2K2 22kRB
4K7 47kR

E097 A

code

10K
22K
47K

value

100kR
220kRB
470kR

SCREWDRIVER-OPERATED

-» standard resistance values

4»25).

code value code

100K 1 MRB 1M
220K 2.2MB 2M2
470K 4.7TMB 4M7
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E088 series-SINGLE CARBON POTENTIOMETERS (16 mm)

WITH OR WITHOUT SWITCH

The application of these potentiometers is volume and tone control in small-size battery-powered
sets. Types are available for conventional panel mounting, and also for use on p.w. boards (with or
without fixing nut). The potentiometers can be supplied with areliable, single-pole rotary switch,
which makes them particularly suitable for use in transistorised equipment.

General Data

resistance range RN O M@ .....ocveie it eaaeaas 1kQ .. .4-70 kf3
tolerance of total resistance.............oooiiii. + 20%
ambient temperature ... —10/+70°C
climatic CoONAitioNS .o tropic proof
insulation resistance after IEC humidity test................ >1 M.Q
contact resistance, linear.......cooeiiiiiii i, < 6% Rnom
logarithmic . . . . ...l <10% ”nom

teSt VOItAgE o e 500 Vrms, 50 c/s
tOrquUEe, OPeratiNg . e 50 - 200 gem

AL ST P S e uete ittt < 2kgcm
axial force on spindle ..o < 3 kg
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SINGLE CARBON POTENTIOMETERS (16 mm) - EO88 series

Composition of the type number EO8S8. ./ -L

T
v \Y

Standard resistance values

Spindle

length L

10 mm

15 mm

20 mm

8 mm

[7zaW7.1

Rnom

1 kR

2.2 kB

4.7 kB

10 kB

22 kB

47 kB

100 kR

220 kR

470 kR

tapped
2+ 8kR
4 + 16 kB

10

15

20

08

Model with tap

linear loga-
' rithmic
! curve a
curve b
code
code
01 26
02 27
03 28
04 29
05 30
06 07
08 09
10 11
12 13
curve code
(j 34
d 25
type
(o4
f=fl (|
JJ— 1
4.1
, L 2
24201
8 ?
iisss
rpia

7243200
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EO87 series - SINGLE

WITHOUT SWITCH

E28

CARBON POTENTIOMETERS (23 mm)

These single carbon potentiometers (23 mm outer
diameter) are particularly suitable for use in
military and industrial equipment. The type fulfils
MIL-R 94-A and CCTU-05-01 requirements.

On request resistance values according to
MIL-R-94-A can also be supplied.

Permissible load
linear potentiometer: 1/4W
logarithmic potentiometer: 1/8W.

Standard resistance values

linear logarithmic
Anom curve A curveC
code code
2.2kR 02
o o 04
22 kB 05
47 kB 06 07
100 kB 08
220 kB 10
470 kB 12 13
1 MR 15 16
2.2MB 18 19



SINGLE CARBON POTENTIOMETERS (23 mm) - E098 series

These potentiometers, developed for panel mounting,
are supplied with linear or logarithmic grading, fixing
nut, with or without switch. Preferred spindle length:
60 mm, diameter 1/4 inch or 6 mm.

Permissible load: for linear grading 0.25W at 25 °C
0.125W at 70 °C

for logarithmic grading 0.125W at 25 °C

0.063W at 70 °C

Carbon potentiometers with a diameter of 23 mm are
available for the nominal resistance values Rnom listed
in the table.

The tolerance on Rnom's + 20%.

The potentiometers have been tested at 1000 V (50c/s)
between terminals and metal cover; the switches have
been tested at 2000 V (50c/s).

The ambient temperature may lie between — 10
and +70 °C. The potentiometers are tropic proof.

WITH OR WITHOUT SWITCH
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E 098 series - SINGLE CARBON POTENTIOMETERS (23 mm)

H  with single-pole 23.1590
rotary switch ’
rated 250 V/0.5 A

D with double-pole
rotary switch,
26 mm 0,
rated for 250 V/1.5 A

K with double-pole
push-pull switch
rated for 250 V/1 A
operating force 200 p

L  with double-pole
push-pull switch
rated for 250 V/2 A
operating force 400 p
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SINGLE CARBON POTENTIOMETERS (23 mm) - E098 series

Composition of the type number

Standard resistance values

linear logarithmic
Anom curve a curve b
code code
300 Q 21
470 Q 33
1 kQ 01 26
2.2 kQ 02 27
4.7 kQ 03 28
10 kQ 04 29
22 kQ 05 30
47  kQ 06 07
100 kQ 08 09
220 kQ 10 11
470 kQ 12 13
1 MQ 15 16
2.2 MQ 18 19
4.7 MQ 96
tapped curve code
5 + 17 kQ d 25
50 + 170 kQ d 23
50 + 420 kQ c 14
0.1 + 0.9 MQ c 22
0.2 + 0.8 MQ d 17
0.4 + 0.6 MQ e 24
0.2 + 2.0 MQ c 32
05+ 1.7MQ d 20
special
300 Q f 31
1 MQ f 66
22 MQ f 77

a

Characteristic curves of resistance between
slider and left terminal (Rs/R tot in %) rela-
tive to angle of clockwise rotation.
Customer’s values and curves can be made
to order under certain conditions.
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E091 series - TANDEM CARBON POTENTIOMETERS (23 mm)

WITH OR WITHOUT SWITCH

Tandem potentiometers are suitable forstereophonic recording and reproduction ;the potentiometers
ensure adequate equality of the two signals, both in volume and tone, within the range of from 1kQ
to 2.2 M42. Tandem potentiometers are composed of two single potentiometers which are ganged;
their resistance values and gradings are as identical as possible.

Disparity of potentiometers with identical nominal values of Rj and R,2:

a R2 R2 < 25% Rnom*

b. attenuation matching of ganged potentiometers:

the error is defined indB = 20 llog — — log -1.1
Uj u2

for linear types:

from 10% - 50% of Rtot < 2 dB
from 90% - 50% of Rtot < 2 dB

for logarithmic types: see table

attenuation

logarithmic tapat 10% Rtot tap at 20% Rtot tap at 40% Rtot

0- 20dB 0- 20dB 0- 20dB 0- 20dB < 2dB
20 - 30dB 20 - 30dB 20 - 30dB 20 - 28 dB < 3dB
30 - 40dB 30 - 34dB 30 - 34dB < 4dB

&7+0.2

Tandem potentiometers with identical
values of Rtand R2 satisfy stereo require-
ments, except when R <1kQ.

Mounting holes
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TANDEM CARBON POTENTIOMETERS (23 mm) - EO91 series
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EO90 series - TWIN CARBON POTENTIOMETERS (23 mm)

WITH OR WITHOUT SWITCH

These twin potentiometers are composed of two individual types of the E098 series with coaxial
spindles and meet the demand for controls with duplex knob operation.



WIRE WOUND POTENTIOMETERS IW

- E199AA series

DUST PROOF, SIDE TERMINALS

The resistor element is enclosed

in a

dust-proof casing of black synthetic
resin.

resistance value

Permissible load................... 1W at 40 °C
ambient temperature
Resistance range ................ 1R - 25kQ
Resistance tolerance............. Rn< 500 + 10%
R,, > 50B + 5% and +10%
Working temperature . . . . -10 °C to + 100 °C
Test voltage between spindle
and contactsS.....coceieeieinennnn. 2000 Vac
Operating torque ................ 30-100 gem
spindle resistance
version IZ:gqt)h tolerance ~nom  Indi- Anom
U cation U
A25 25 A= 10%
A50 50 1 1E 10
B13 13 B= 5% 1.5 1E5 15
2 2E 20
25 25 25
Example: resistance value 2.5 kQ, 35 3E5 35
tolerance 10%, screwdriver adjust- 5 5E 30
ment, type number 75 T7E5 75

E199AA/B13A 2K5

Indi- Anom
cation U
10E 100
15e 150
20E 200
25E 250
35E 350
50E 500
75E 750

Indi-
cation

100E
150E
200E
250E
350E
500E
750E

~nom

1K
1.5
2

2.5
3.5
5

7.5

Indi- Anom
ki cation ki

1K
1K5
2K
2K5
3K5
5K
7K5

10
15
20
25

Indi-
cation

10K
15K
20K
25K
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E199AB series - WIRE-WOUND POTENTIOMETER 3W

DUST PROOF TERMINALS UNDERNEATH

This dust-free sealed potentiometer type is most suitable for professional electric and electronic
equipment where accurate and gradual resistance regulation and high stability are required.

Permissible load................... 3W at40 °C, 2W at 70 °C
ambient temperature
Resistance range............c...... 2.2Q - 22 kfi
Resistance tolerance R, < 50Q: + 10%
Rn> 50R: + 5% and + 10%
Effective angle of rotation . 275° + 10°
Resistance value as a function .
B . I ambient temperature
of the rotation angle linear within + 2%
Working temperature . -10 °C to +85 °C
Test voltage between spindle Mount-
and contactS......cceeievnnennn... 1000 Vao Ln(ges
Operating torque . . . . +1 200 gem
End stop torque > 10 kgem
Service life ..oooviiiiiiiiii, min. 25,000 cycles
Composition of the type number E199AB/.......
il
1 ! v
spindle : resistance resistance value (ohm)
version  length(mm) tolerance value  code value  code value code
Al7 17 A= 10% 2.2* 2E2 68 68E 1500 1K5
A30* 30 3.3 3E3 100* 100E 2200  2K2
A60 60 4.7* 4E7 150 150E 3300 3K3
B14 14 B= 5% 6.8 6E8 220* 220E 4700*  4K7
preferred 10* 10E 330 330E 6800 6K8
15 15E 470* 470E 10000* 10K
22* 22E 680 680E 15000 15K
33 33E 1000* 1K 22000* 22k

Example resistance value 3.3 kQ,
tolerance 10%, screwdriver adjust-
ment, type number E199AB/B14A3K3 *Preferred resistance values
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WIRE WOUND POTENTIOMETERS 3W - E199BB series

This dust-free sealed potentiometer type is most suitable for professional electric and electronic
equipment where accurate and gradual resistance regulation and high stability are required.
Properties of this potentiometer are the same as those of type E199AB (see page E36).

Permissible load................ 3W at 40°C, 2W at 70 °C
ambient temperature

Resistance range ............. 2.2Q - 22 kQ

Resistance tolerance . . . . R,™ 50«: + 10%
Rn>50«:+x5%and+10%

Effective angle of rotation 275° + 10°

Resistance value as a function

of the rotation angle . . . . linear within £ 2%

Working temperature . . . -10 °Cto +85 °C

Test voltage between spindle

and contactsS......coceeuvuennen 1000 Vac

Operating torque ............. + 200 gem

End stop torque ............. >10 kgem

Service life ....cooeeeiiiiiii. min. 25,000 cycles

Composition of the type number E199BB/

v T v
spindle resistance resistance value (ohm)
version length(mm)  tolerance value  code value code value code
AL7 1 A= 10/ 22" 22 68 68E 1500 1K5
A30* 30 * *
3.3 3E3 100 100E 2200 2K2
A60 60 4.7* 4E7 150 150E 3300 3K3
B14 u B= 5% A8 6E8  220*  220E 4700%  4K7
* Preferred 10* 10E 330 330E 6800 6K8
15 15E 470* 470E 10000* 10K
Example: resistance value 3.3 kR. 20% 22E 680 680E 15000 15K
tolerance 10%, screwdriver adjust- 33 33E  1000* 1K 22000* 22K
ment, typenumberE199BB/B14A3K3 47% ATE

~Preferred resistance values
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E196AA-series - WIRE-WOUND POTENTIOMETERS 3W

HIGH-STABILITY TYPE

171005

The use of high-quality material and gold-plated contacts for this potentiometer ensures a high stability-

permissible load................... 3W at 40 °C, 2W at 70 °C
ambient temperature
Resistance range ................ 47Q to 3.3k U
Resistance tolerance............. + 50
Effective angle of rotation . . 275° + 5°
Resistance value as a function The dotted line indicates the
of the rotation angle............ linear within + 2% permissible load of an insulated
Working temperature . . . . —40°C to +100 °C potentiometer.
Test voltage between spindle
and contacts...... .. 1000 Vac

Working voltage ................ 500 V peak

Temperature coefficient . . . + 100x10-°/°C

Contact resistance ............. <€ 50 mQ

Change of contact resistance . ~ 10 mQ Mounting
Operating torque ................ 200 to 500 gem hole

Composition of the type number E199AA/

. . resistance value (ohm)
spindle Resistance tolerance

code value code value code
version length (mm) B— + 5% 3.3 3E3 100* 100E 2200* 2K2
4.7* 4E7 150 150E 3300 3K3
Al5 15 6.8 6E8 220* 220E 4700* 4K7
A20 20 10* 10E 330 330E 6800 6K8
B 9 9 15 15E 470* 470E 10000* 10K
------------------ 22* 22E 680 680E 15000 15K
33 33E 1000* 1K 22000* 22K

47* 47E

* Preferred resistance values
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Type number E198AB/
30 W

Type number E198AC/
SOwW

Type number E198AE/
120 W

For data see overleaf

WIRE-WOUND POTENTIOMETERS

CEMENTED -

- E198 series

30w, 50w, 120w
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E198 series - WIRE-WOUND POTENTIOMETERS

CEMENTED — 30W, SOW 120W

These cemented wire-wound potentiometers meet the severest requirements which may be imposed
on variable power resistors under greatly divergent conditions.

resistance tolerance
resistance values

. max. dissipa-
resistance tion at 40 °C
range ambient

(0) temperature (W)
1-7500 30
0.5-10000 50
0.75-10000 1202

1 Maximum peak voltage between contacts and spindle.

request.

Mounting holes

d, mm d2mm

E198 AB/A36A 10.5 3.5
AC/A36A 10.5 4.8
AE/A36A 10.5 4.8

+10%

according to standard potentiometer

resistance range: 1— 1.5— 2— 2.5— 3.5— 5— 7.5— 1

maximum

peak angle_ of weight
rotation
voltagel
)] n @
1250 270 60
uoo 270 95
1300 300 240 |

2 Higher power types,

At

K mm

13,5
20
20

Loading at W max is only permissible if the full
length of the resistance wire or ribbon is used.
If only part of it is used, the permissible load

is a proportional part of W max.
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type number

E198AB/A36A/. ..
E198AC/A36A/. ..
E198AE/A36A/. ..

up to 630 W, are available on

7247500






NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

Our range of NTC thermistors consists of the following types:

1. standard disc types series B; 5. miniature types;

2. standard disc types series E; 6. indirectly heated types;

3. standard rod types; 7. special types for motor cars and household appliances;
4. mounted disc types; 8. special types for radio andtelevision.

STANDARD DISC TYPES SERIES B

B-va/ue colour code
25 at 25 °C for types with leads type number
ambient . _
(A) (°K) 1 1 1 1" without leads with leads
2.2 2650+ 5% red red gold B832000P/2E2 B832001 P/2E2
4 2800+ 5% yellow black gold P/4E P/4E
6 2800 + 5% blue black gold P/6E P/6E
8 2900 £ 5% grey black gold P/8E P/8E
10 2950 + 5% brown black black P/10E P/10E
15 3000+ 5% brown green black P/15E P/15E
33 3250 5% orange orange black P/33E P/33E
50 3300+ 5% green black black P/50E P/50E
130 4400+ 5% brown orange brown P/130E P/130E
500 5200 5% green black brown P/500E P/500E
1300 5450 + 5% brown orange red P/1K3 P/1K3
Wmax = 1W dissipation constant approx. 10 mW/°C
Tmax = 120 °C time constant approx. 60 sec.

Tolerance + 20%; + 10% tolerance types also available.
For £+ 10% types change P of type number into A; an extra silver colour band is added for the =+ 10%
types with leads.

e.g. B832001 P/... is+ 20%
B832001A/... is+ 10% with extra silver colour band
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

STANDARD DISC TYPES SERIES B

0 20 40 60 80 100 120 140
rrrrrr » temperature (°C)

Resistance/temperature Cooling characteristics
characteristics

E43



NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

STANDARD DISC TYPES SERIES E

type number D Amax d
E213BB/... 5+ 0.3 5.5 0.5 (0.6)1
These discs are extremely stable and E213BC/... 9+ 0.3 55 0.6
can be used for critical professional and E213BD/ 16 + 1.0 5.5 0.6 (0.8)1

industrial applications.
1 In the course of 1966.

Tentative data

dissipation time

r3s B-value ~max constant constant colour code
at 25 °C 25 °C amb
(approx)  (approx)
® K W) (W/0)  (seo) ! !
4.7 2625 0.6 W 6 25 yellow  violet gold
15 2825 brown green black
47 3100 yellow  violet black
150 3150 brown  green brown
470 3450 yellow  violet brown
1500 3725 brown  green red
4700 4050 yellow  violet red
150 3425 1w 10 55 brown green brown
470 3650 yellow violet brown
1500 4075 brown green red
4700 4250 yellow  violet red
150 3900 1.5 W 13 120 brown  green brown
470 4200 yellow  violet brown
1500 3900 brown  green red
4700 4200 yellow  violet red

Standard tolerance +20%; +10% on request.

Maximum temperature: 150 °C

Stability: after 1000 hours at W max /\R < 5%
after 1000 hours at 2/3W max y"R < 3%
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type number

E213BB/P4E7
/P15E
/PATE
/P150E
/P4TOE
/P1K5
/P4KT

E213BC/P150E
/P4T0E
/P1K5
/P4KT

E213BD/P150E
/P4T0E
/P1K5
/P4KT



NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

STANDARD DISC TYPES SERIES E
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

STANDARD ROD TYPES

Dimensions (mm)

type number A 6 C D
B832007 3.2 + 0.5 1+ 1 0.4 31 £ 3
B832008 4.7 £ 0.5 21+ 1 0.8 33+ 3
B832009 6.2 + 0.5 31+ 1 0.8 34+ 3

These rods are extremely stable and can be used for critical professional and industrial applications.

8-value at 25 °C Amax af dissipation time
r5 ambient 25 °C am- constant constant colour

tolerance + 5% bient approx.) (approx.) code type number
(k0) (°K) (W) (mW/°C) (sec)

4.7 3250 0.6 5.5 28 orange B832007P/4K7S
15 3550 green /15KS
47 3925 blue /47KS

150 4075 white /150KS

4.7 3250 1.5 12 55 orange B832008P/4K7S
15 3650 green /15KS
47 4000 blue /47KS

150 4150 white /150KS

4.7 3250 2.3 17 105 orange B832009P/4K7S
15 3675 green /15KS
47 4050 blue /47KS

150 4200 white /150KS

Standard tolerance £+20%; +10% on request.

Maximum temperature; 150 °C
Stability: after 1000 hours at W max AR < 5%
after 1000 hours at W max zIR < 3%

Remark

The present range supersedes the old range. The lower values (150D to 1500£?) are disc shaped.
See standard disc types series E.
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

Resistance/temperature
characteristics

o — fomb
-25 0 25 SO 75 100 125 ISO °C
B832007
B832008
B832009

STANDARD ROD TYPES

Voltage/current characteristics
B832007

B832008

B832009
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

MOUNTED DISC TYPES

Standard discs, series B, soldered on a metal strip.

<5 25.7+2

For simple mounting with nut and bolt,
discs of the standard series B are avail-
able soldered on a metal strip.

type number

U+ 20% E201Z2Z/27

8 20% /30
50 20% /31
130 20% /11
500 20% /32

—~
HHHH+++ O
- ™

1300 20% /33

The resistance/temperature characteristics are the same as those of the standard discs B (see page E42).
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

MOUNTED DISC TYPES

Standard discs, series E, screw-mounted.

For insulated mounting and to ensure
good thermal heat contact between
NTC and chassis, the standard discs
series E213BB/... with mounting stud

724519<..2

is available.
R,5
(ii) type number
4.7 E215AB/P4E7
15 /P15E
47 /PATE
150 /P150E
470 /P470E
1500 /P1K5
4700 /P4KT7

Standard tolerance +20%; +10% on request.

Maximum temperature ........c.......... 100 °C
W max at 25 °C ambient................... 0.5W
Dissipation constant..........c..c.ocooiieinen approx. 9.5 mW/°C;

when mounted on a heat sink

(1 dm2, 1.5 mm. thickness) approx. 19 mW/°C
Thermal time constant...................... approx. 80 sec.;

when mounted on a heatsink

(1 dm2, 1.5 mm. thickness) approx. 18 sec.
Dielectric strength. .min 100V
Insulation resistance........c.cooeeeeieiienen > 100 ME?

Resistance/temperature characteristics as E213BB series (see page E44).
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

MINIATURE TYPES

10+2 ~22
®
, /7 sa n if.7
— 1 f ,p
ES T
<
i§ D -
Amax . . . . 60 mWw
A'max e e e . 200 °C
stability . . . . after 1000 hours at TmaxzIR < 1%
dissipation constant approx. 0.4 m9n «
E-value at 25°C
R,5 ambient colour code
tolerance = 5 % type number
(0) (°K) / " 11
1000 2350 brown black red B832003P/1 KS
1500 2450 brown green red /1K5S
2200 26C0 red red red /2K2S
3300 2775 orange orange red /3K3S
4700 3650 yellow violet red /4KT7S
6800 3725 blue grey red /6K8S
10000 3800 brown black orange /10KS
15000 3750 brown green orange /15KS
22000 3800 red red orange /22KS
33000 3750 orange orange orange /33KS
47000 3800 yellow violet orange /47KS
68000 3850 blue grey orange /68KS
100000 3900 brown black yellow /100KS
150000 3975 brown green yellow /150KS
220000 4075 red red yellow /220KS
330000 4175 orange orange yellow /330KS
470000 4225 yellow violet yellow /470KS
680000 4300 blue grey yellow /680KS

Standard tolerance +20%; £10% on request.
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

MINIATURE TYPES
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

MINIATURE TYPES

More versions are available, all built around the NTC bead E209CE/P. The range of resistance values
and the resistance temperature characteristics for all types are the same as for version B8 320 03 P/...

0.35-1.00 0.35+J.00
r~i .0.06*
$ i
5.512
72U5468 7245466
E209CE/P. .. B832002/P
“Naked bead” “Naked bead”

E205CE/P
“Thermometer”

Remark:
B-value tolerance for values lower than 4.7 kO is

+ 10% instead of £+5% .
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

MINIATURE TYPES

B832006P/...
“Vacuum gauge”

E211AE/P...
“Metal casing”

7Zi.5i.69

B8 320 04P/...
“Vacuum mounted”

Dissipation constant: 0.11 mW/°C
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

INDIRECTLY HEATED TYPES

maxS**'

This vacuum mounted indirectly heated thermistor is an improved version of the old
type B832015P/3K3

Type number E207 AC/P3K3
3300.0 + 20%
B-value ..o 2775 °K + 5%
Colour code ..o orange-orange-red
w max (heater).....ooooiiiiiiiiiiiiina.. 30 mw
11 SRR 200 °C
Resistance heater..........cocevieuiiiinennn 100.0 = 10%
Dissipation constant......................... approx. 0.18 mw/°C
Heater efficiencyl .........................lL approx. 97.5%
Time constantl ... approx. 2.2 sec.
Capacitance heater/bead................... approx. 1.6 pF
Dielectric strength heater/bead . . . . min. 200V
Isolation resistance heater/bead . . . . > 10 MO at 50V

1Defined according to CCTU 11-01
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

Resistance/temperature characteristic
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

Cooling characteristic

[¢] 20 Response time characteristic (W heater = 30 mW)



NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

This indirectly heated thermistor is mounted

INDIRECTLY HEATED TYPES

in an air-filled metal casing. Compared with type

E207AC/P3K3 it has a much higher heater power due to the higher dissipation constant; therefore
the time constant, defined as per CCTU H-O'Ljs lower.

Type number

Dissipation constant

Time constantl
Capacitance heater/bead

1 Defined according to CCTU-11-01

Heater efficiencyl ...........cccoceiennens

Dielectric strength heater/bead .
Isolation resistance heater/bead .

E207BD/P3K3
330072 + 20%
2775 °K + 5%
orange-orange-red
80 mw

200 °C

100f3 + 10%
approx. 0.50 mw/°C
approx. 90%
approx. 1.2 sec.
approx 1.1 pF
minimum 200 V
10 MQ
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

Resistance/temperature characteristic

Voltage/current. characteristics
10°



NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

104

®) 5

10

Resistance/power characteristic

Cooling characteristic

Response time characteristic (W heater = 80 mW)
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NTC- NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS
SPECIAL TYPES FOR MOTOR CARS

This special range discs has been developed for
temperature sensors for the cooling water in
motor cars. The NTC’ are specified at a medium
temperature (40-50 °C) and a higher temperature
(96.5 to 100 °C), so that a high accuracy at the
working temperature is obtained.

O They are also suitable for temperature control in
household appliances, such as washing machines.

(a[’;pzr ) ) 5] 1965 OO diameter type
number

Q) Q) Q) <Q) (0) (mm)

2200 1030-1310 147-173 7.0+ 0.3 BL12A
500 175 -215 35 -43 6.9 £+ 0.2 E201Z719
500 92.5-134 12 -15 6.9 £ 0.2 VA1025

1000 221.5-318.5 30 -36 6.9 £ 0.2 VA1049
270 97 -143 29.5-36.5 6.9 £ 0.2 VA1058
700 207 -264 41.4-48.6 6.9 + 0.2 VA1068
800 244 -315 48.0-58.6 6.9 + 0.2 VA1072

Resistance/temperature

characteristics
40



NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

application

compensation
positive tern-
perature coeff. of
deflection coils

protection of
switch and
Si-diode

heater chain
protection

shunt dial lamp

r5
Q)
1.1+ 20%
32+ 30%/—20%
6+ 20% *
10+ 20% *
12 + 20%
15+ 20% *
33+ 20% *
125 + 20%
60 £+ 20%
645-1210
300 - 500
800-1315
2470 - 5370
1750-3250
6700-12600
3870 - 7750

SPECIAL TYPES FOR RADIO AND TELEVISION

8 at 25°C Wy max
approx.
(°K)
2650
4200
2800
2950
2950
3000
3250

(W)

I e Ll = S S

4300
4300

NN

3600
3700 2
3800
4000
3000
3000

wwh NGO

3000 3

normal operating

conditions

(mA) Q>
2200 0.15-0.25
1000 0.7 -1.1
1000 ~1

900 ~1.1
800 ~1.2
800 ~1.2
700 ~1.4
800 2-4
1300 0.7-1.3
300 35-48
300 25-32
200 36-52
300 38-50
100 200-250
100 200-280
200 60-90

* For more information see disc thermistors series B (page E42).

For dimensions and characteristics see following pages.

dissipation
constant
(approx.)
(mW/7°C)
14
14
10
10
10
10
10

18
18

60
30
16
24
20
10

10

type number

B832020
B832030
B832001 P/6E
B832001 P/10E
B832001 P/12E
B832001P/15E
B8 32001 P/33E

BL 28
BL 39

VA1015
VA1026
VA1006
100102
100026/01
100092

83922
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

SPECIAL TYPES FOR RADIO AND TV

Type number B8 320 20

1.840.3

Lead diameter 0.6 mm in the course
of 1966.

Resistance/temperature
characteristic

Voltage/current characteristics

Cooling characteristic
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

SPECIAL TYPES FOR RADIO AND TV

Type number B8 320 30

Lead diameter 0.6 mm in the
course of 1966.

Voltage/current characteristic
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

SPECIAL TYPES FOR RADIO AND TV

Type number B8 320 01P/...

For data see page E4-2.

Type numbers BL28and BL39

14.5x1 46 £2

Dimensions will be changed in the
course of 1966.

Resistance/tempe rature
characteristics

Voltage/current characteristics
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

SPECIAL TYPES FOR RADIO AND TV

Type number VA1015

"] max 13

7245574

— * rca

Resistance/temperature
characteristic

Voltage/current characteristic

Cooling characteristic

8 10 12 14 16
— »t(min)



NTC « NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

SPECIAL TYPES FOR RADIO AND TV
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

SPECIAL TYPES FOR RADIO AND TV

Type number VA1006

— » t (°a

Resistance/temperature
characteristic

Voltage/current characteristic

Cooling characteristic

SO 120 160 200 2i0_ 250 320
— v i (sec)
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NTC - NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS

SPECIAL TYPES FOR RADIO AND TV

characteristic

characteristic
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NEGATIVE-TEMPERATURE-COEFFICIENT THERMISTORS - NTC

SPECIAL TYPES FOR RADIO AND TV

Type number 100092

Resistance/temperature Voltage/current characteristic
characteristic

Type number 83922

28+1 (12.5%1
1 1 max 5 N

f _ yoo
. AO
728557 1

Resistance/temperature Voltage/current characteristic
characteristic
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PTC - POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS

The range of PTC thermistors consists of the following types:

1. standard discs 1W, 40-50 V;
2. standard discs 0.5 W, 25 V;
3. special types.

STANDARD DISCS 1 W, 40-50 V SERIES

switch temp.1  max. temp,

r5s Y¥max2  colour

££5% (B) R at other temp. (approx.) coeff. code type number
°C) (%1°C) V)

50 100°C 3-20 k.Q + 35 +7 40 red E 220 zz/01

30 40 °C <90 Q + 50 + 15 50 orange /02
100 °C > 10kR

50 &= <1008 + 80 + 30 50 yellow /03
o = >  1kRB

40 95 °C < 80 a + 110 + 60 50 green /04

130 °C > 10kQ

1 Defined as the temperature at which the resistance value is twice the value at 25 °C.
* Breakdown voltage.

Dissipation constant for all types approx. 10 mW/°C.

Important.

The above resistance values are measured at 1.5 V. Higher voltages may yield different values due to
self-heating and voltage-dependency.
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POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS -PTC

STANDARD DISCS 1 W, 40-50V SERIES

Resistance/temperature characteristics Voltage/current characteristics

E220zz/01

E2202Z/02
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PTC - POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS

STANDARD DISCS 1 W, 40-50 V SERIES

Resistance/temperature characteristics Voltage/current characteristics

E2202Z/03

E2202Z/04
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POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS - PTC

STANDARD DISCS 0.5 W,

switch max.
R- temp.2 temp. Amax
t30% 25 150 (approx.) coeff. )

©) (°C) (% 1°C)
60 3kB<R< 15kRB | + 35 + 6 25
50 100 kB<R<500 kR + 50 +15 25
50 50 k.B< R<500 kB + 80 + 25 25
50 — 100kB<R<1.2MR +110 +35 25

[

Defined as the temperature at which the resistance value is twice the value at 25 °C.
2 Breakdown voltage.

Dissipation constant for ail types approx. 6 mW/°C.

Important

colour
code

red
orange
yellow
green

25 V SERIES

type
number

E220ZZ/11

/12
/13
/U

The above resistance values are measured at 1.5 V. Higher voltages may yield different values due to

self-heating and voltage-dependency.
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PTC - POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS

STANDARD DISCS 0.5 W, 25 V SERIES

Resistance/temperature characteristics Voltage/current characteristics
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POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS -PTC

STANDARD DISCS 05 W, 25 V SERIES

Resistance/temperature characteristics Voltage/current characteristics
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PTC - POSITIVE-TEMPERATURE-COEFFICIENT THERMISTORS

SPECIAL TYPES

Special types for high voltage applications up to hundreds of volts or ws 0
low Curie temperatures (to— 40 °C) can be made on request. For use
as a motor protection device types have been developed with a special

insulation against high voltage.
. . . R R . 7245A89
A typical example is the E220ZZ/06 which is used as a current limiting

device in telecommunication apparatus.

Resistance/temperature characteristic Voltage/current characteristic
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VOLTAGE-DEPENDENT

The range of VDR resistors consists of the following types:

1. standard disc types with leads;

2. standard disc types with a hole;

3. standard rod types;

4. small disc types for special purposes;

5. special disc types for contact protection;
6. asymmetric types.

STANDARD DISC TYPES WITH LEADS

Most types are lacquered, inpregnated and colour-coded. Only some of
the most important types are mentioned in this survey. Special types can
be made on request. Values preferable according to I.E.C.-E12 series.

Tolerances: normal tolerance on voltage + 20%; VDR’ with atolerance
of + 10% can also be supplied. For + 10% tolerance change P of type
number into A.

The lacquered + 10% types have an extra silver colour band.

E.g. E299DD/P...: £+ 20% tolerance on voltage
E299DD/A...: db 10% tolerance on voltage and extra silver
colour band

RESISTORS - VDR
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VDR-VOLTAGE-DEPENDENT RESISTORS

STANDARD DISC TYPES WITH LEADS

Voltage/current characteristics, type E229DD

(mA)
100
100
100

=
o

=
o

[ e e e =
O 0ooo oo o

=
o

=
o

=
o
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PR R R R R R R PR

W max= 0.8W

"
Dtnax

iy

o o O

12

10
12
15
18
22

33
39
47
56
68
56
68
82
100
120
150
180
220
270
330

145 mm

0.25-0.40

0.21-0.35

0.18-0.25

0.14-0.23

0.14-0.21

A

C
(approx)

14
18
21
25
32
40
48
57
60
70
85
100
130
150
180
190
230
300
350
400
500
600
750
900
1100

2

fax
(mm)
5

[<2] [$2]

~
© oo U N oo oo o oo 9 a9 oo oo

IGHA 2

/
brown
brown
brown
red
red
red
red
red
red
red
red
red
red
red
red
orange
orange
orange
orange
orange
orange
orange
orange
orange
orange

5 I 2

colour code
1]
brown
brown
red
brown
brown
red
red
red
red
red
orange
orange
orange
orange
orange
orange
orange
yellow
yellow
yellow
yellow
yellow
green
green
green

5

1
blue
grey
black
blue
grey
black
red
yellow
blue
grey
black
red
yellow
blue
grey
blue
grey
black
red
yellow
blue
grey
black
red
yellow

AR 2 S 10hA

type number

E299DD/P116
/P118
/P120
/P216
/P218
/P220
/P222
/P224
/P226
/P228
/P230
/P232
/P234
/P236
/P238
/P336
/P338
/P340
/P342
/P344
/P346
/P348
/P350
/P352
/P354



(mA)
100
100
100

[N
[ N e e e e = =)
O 0O 0O 000 OO0 OO OoO oo

L N N N Y

W)

10
12
15
10
12
15
18
22
27
33
39
47
56
68
82
68
82
100
120
150
180
220
270
330

B
0.25-0.40

0.21-0.35

0.18-0.25

0.14-0.23

0.14-0.21

VOLTAGE-DEPENDENT RESISTORS - VDR

C
(approx)

14
18
21
26
32
40
48
57
60
70
85
100
130
150
180
190
230
300
350
400
500
600
750
900
1100

max
(mm)

[<2]

-
©OU NGOG0 OO0l 01010101 o1 o1 O

STANDARD DISC TYPES WITH LEADS

/
brown
brown
brown
brown
red
red
red
red
red
red
red
red
red
red
red
red
orange
orange
orange
orange
orange
orange
orange
orange
orange

colour code

1]

brown
brown
red
red
brown
red
red
red
red
red
orange
orange
orange
orange
orange
yellow
orange
yellow
yellow
yellow
yellow
yellow
green
green
green

blue
grey
black
red
grey
black
red
yellow
blue
grey
black
red
yellow
blue
grey
black
grey
black
red
yellow
blue
grey
black

yellow

type number

E299DE/P116
/P118
/P120
/P122
/P218
/P220
/P222
/F224
/P226
/P228
/P230
/P232
/P234
/P236
/P238
/P240
/P338
/P340
/P342
/P344
/P346
/P348
/P350
/P352
/P354
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(mA)
100
100
100
100
100

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

[ N = N =

E80

VOLTAGE-DEPENDENT RESISTORS

DARD DISC TYPES WITH

ige/current characteristics, type E299DG

IpA 2

W)

10
12
15
18
12
15
18
22
27
33
39
47
56
68
82
100
120
150
180
150
180
220
270
330

5 10°mA 2

B
0.25-0.40

0.21-0.35

0.18-0.25

0.14-0.23

0.14-0.21

LEADS

5 IOVnA 2

Cc
(approx)
14
18
21
26
32
38
47
57
60
70
84
97
125
140
175
170
210
250

380
450
540
660
810
980

~max

(mm)

[$2]

[<2]
© 00Ul Ny Ol 0ol gol ool ol olol ool ool ool ool ol al

~

5

102mA 2

brown
brown
brown
brown
brown
red
red
red
red
red
red
red
red
red
red
red
red
red
red
red
orange
orange
orange
orange
orange

5 10anA

colour code

1]
brown
brown
red
red
red
red
red
red
red
red
orange
orange
orange
orange
orange
yellow
yellow
yellow
yellow
yellow
yellow
yellow
green
green
green

in
blue
grey
black
red
yellow
black
red
yellow
blue
grey
black
red
yellow
blue
grey
black
red
yellow
blue
grey
blue
grey
black
red
yellow

2w

type number

E299DG/P116
/P118
/P120
/P122
/P124
/P220
/P222
/P224
/P226
/P228
/P230
/P232
/P234
/P236
/P238
/P240
/P242
/P244
/P246
/P248
/P346
/P348
/P350
/P352
/P354



Voltage/current characteristics, type E299DH

/
(mA)
100
100
100
100
100
100
100
100
10
10
10
10
10
10
1
10
10
10
10
10
10
10

“max — 3 W

~max “ 42,5 mm

E
V)

10
12
15
18
22
27
33
22
27
33
39
47
56
68
82
100
120
150
180
220
270
220
270
330

3
0.25-0.40

0.21-0.35

0.18-0.25

0.14-0.23

0.14-0.21

VOLTAGE-DEPENDENT RESISTORS - VDR

C
(approx)
14
18
21
26
32
34
48
53
60
70
84
97
125
140
175
170
210
250

380
460

660
810
980

Amax

(mm)
5

[$2]

[<2]
© 00Ul Ny OO 0ol ol ool ool oo o1 ool ool ool ol ol

~

STANDARD DISC TYPES WITH LEADS

brown
brown
brown
brown
brown
brown
brown
brown
red
red
red
red
red
red
red
red
red
red
red
red
red
red
orange
orange
orange

colour code

1l
brown
brown
red
red
red
red
red
orange
red
red
orange
orange
orange
orange
orange
yellow
yellow
yellow
yellow
yellow
green
green
green
green
green

blue
grey
black
red
yellow
blue
grey
black
blue
grey
black
red ’
yellow
blue
grey
black
red
yellow
blue
grey
black
red
black
red
yellow

type number

E299DH/P116
/P118
/P120
/P122
/P124
/P126
/P128
/P130
/P226
/P228
/P230
/P232
/P234
/P236
/P238
/P240
/P242
/P244
/P246
/P248
/P250
/P252
/P350
/P352
/P354
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VOLTAGE-DEPENDENT RESISTORS - VDR

STANDARD DISC TYPES WITH A HOLE

For mounting purposes VDR’ with a hole can be supplied.
The electrical characteristics of these VDR’ are identical to those of the
equivalent lacquered types.

The discs are mark”-i with the type number suffix.
TZA5561

/ £ c W max dimensions
™ B (@ppro) (W) (mm) type number
10 27 0.21-0.35 70 2 25 6 E299AG/P228
10 39 0.21-0.30 100 /P232
10 56 150 /P236
10 82 0.14-0.23 170 /P240
10 120 0.14-0.21 250 /P244
10 180 400 /P248
1 180 600 /P348
1 270 800 /P352
10 22 0.21-0.35 70 3 40 10 E299AH/P226
10 33 0.18-0.25 90 /P230
10 47 120 /P234
10 68 180 /P238
10 100 0.14-0.23 200 /P242
10 150 0.14-0.21 300 /P246
10 220 500 /P250
1 220 700 /P350
1 330 1000 /P354
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(mA)1
10
10
10
10
10
10

1200
1300
300
950

VDR

tolerance

+ + + + 1+ I+ I+

Measured under pulse conditions

10%
10%
10%
10%
20%
10%
20%
10%

- VOLTAGE-DEPENDENT RESISTORS

B

0.20-0.25
0.18-0.23
0.18-0.23
0.18-0.23
0.17-0.22
0.16-0.21

0.18-0.25
0.16-0.21

STANDARD ROD TYPES

colour

code type number
green E298ED/A258
blue /A260
violet /A262
white /A265
grey /P268
red /A269
yellow /P353
black/blue E298 2Z/06

Voltage/current
characteristics

The characteristic of type E 298 ZZ/06 can be
compared with that of type E 298 ED/A269.
The same holds for types E 298 ED/P353 and
E 298 ED/A260.
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VDR -VOLTAGE-DEPENDENT RESISTORS

SMALL DISC TYPES FOR SPECIAL PURPOSES

4.2+0.2 max5

For use in e.g. small battery motors (to protect the collector and to
suppress interferences in radio and TV) type E297ZZ/01 has been devel-
oped which can be mounted in the rotor.

Data E29777/01 :

current at 6 Vdc < 1 mA
current at 25 Vde > 10 mA
W hax 0.1 w

For use in colour television a special range of VDR discs
has been developed:

Tentative data

/ E tolerance

(mA) V) on voltage type number
1 6 +20% E297 7Z/02
1 9 +20% /03
1 12 +15% /04
1 15 +15% /05
1 18 +12% /06
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VOLTAGE-DEPENDENT RESISTORS -VDR

SPECIAL DISC TYPES FOR CONTACT PROTECTION

Colour code:

For all types:
colour band | is grey
colour band Il is white

Colour band Il indicates the lastdigit
of the type number:

o ok, WN P O

black
brown
red
orange
yellow
green
blue

This range is specially developed for contact protection of relays in telephone exchanges. These VDR’s
are extremely stable and can stand current surges of decimals of Amps without changing their charac-

teristics perccivably.

Two versions are available: the VAP-SF series without leads in a non-lacquered, fully impregnated ver-
sion and the VAP-AF series with leads in a lacquered and also impregnated version.
These resistors meet the severe specifications of official inspection offices for telephone equipment.

Cco

48
48
48
48
48
48
48

48
48
48
48
48

48
48
48

<mA)

<0.5
<0.9
<1.7
<3
<5
<9
<15

<0.5
<0.9
<1.7
<3
<5

<1.7
<3
<5

V)
(pulse)
150
150
150
150
150
150
150

150
150
150
150
150

150
150
150

19
(mA)

> 42
> 76
>115
>180
>268
>430
>455

> 27
> 34
> 65
> 91
>152

> 52
> 72
>121

0.25
0.25
0.25

diameter type number

(D) . :
(mm) without leads with leads
17 VAP11SF 0 VAP11AF 0
17 1 1
17 2 2
17 3 3
17 4 4
17 5 5
17 6 6
12.5 VAP21SF 0 VAP21AFO
12.5 1 1
12.5 2 2
12.5 3 3
12.5 4 4
9.5 VAP31SF 2 VAP31AF 2
9.5 3 3
9.5 4 4

J) These measurements are based on a combination of the VDR and a coil. Full test conditions will be sent on

request.
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VDR -VOLTAGE-DEPENDENT RESISTORS

ASYMMETRIC TYPES

Based on a barrier-layer effect, the asymmetric voltage-dependent resistors
differ in many aspects from the well-known voltage dependent resistors made of
silicon carbide. Its characteristic is asymmetric; in the forward direction, the
characteristic shows a very low fl-value and C-value while in the reverse direc-
tion - and C-values are much higher. Its parallel capacitance in forward as well
as in reverse direction is relatively high.
They can be used for instance for stabilisation of the supply current in tran-
sistorised battery receivers.

For the time being two types are available.

Tentative data

forward
direction

reverse
direction

1The E 295ZZ/02 has an extra orange colour dot.

Namp= 25 °C
voltage at 1 mA
temp, coeff.
B
capacitance at 0 mA
at 5 mA

max. permissible current

current at 5V
capacitance at OV
at 5V

max. permissible voltage

temperature range: —30 to +70 °C

cathode is indicated by a white colour dot

E86

type number

E29577/01

1.0V + 10%
>-0.2%/°C
0.05-0.08

~0.15 juF
~10 ftF
25 mA

<20 /1A
~ 0.15/«F
~ 0.05 fiF
5V

E29577/021

1.35V £ 10%
>-0.2%/°C

0.06-0.09

—0.15 .«F
~10/tF
20 mA

<20//A
~ 0.15 y/F
~ 0.05 «F
5V

In the course of 1966 the
colour code will be changed
as follows:

E295Z7/01: black and brown
band

E29577/02: black and red
band



VOLTAGE-DEPENDENT RESISTORS - VDR

ASYMMETRIC TYPES

Voltage/current characteristics of the E295 series

Conduction direction

1tmA)

Reverse direction
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LDR - LIGHT-DEPENDENT RESISTORS

Light-dependent resistors are virtually small photoconductive cells, encapsulated in glass and special
synthetic resin, and provided with two tinned copper connecting leads (0.6 0 x 1 5 mm)

dark value ................ Rd = min. 10 ML2 (measured after 30 min. in
total darkness)

light value .......c....e.et RL = 75-300 Q (measured at 1,000 lux)

recovery rate............. v = min. 200 kfl/sec. (i.e. the resistance rise
per second at falling light intensity)

permissible voltage. . . Emax = 150 Vpeak (provided that W max is not
exceeded)

ambient temperature . . — 20/+60°C

capacitance................ max. 6 pF

Resistance value
as a function of light intensity

Derating curve

LUX

A special version (LDR03/05) with a lower light value is also available.
Type number: B8731 03/05

Dark value: RD ~ 1 (measured after 30 sec. in total darkness)
Light value: RL < 150£?

Other data and dimensions are the same as those of the LDR03
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LIGHT-DEPENDENT RESISTORS - LDR

TYPE NUMBER B8 731 05

Like type B8 731 03, the LDRO5 (B8 731 05) is virtually a small photoconductive cell. However, it has
a different shape and is substantially smaller and lighter. The cell is sealed by means of a special,

plastic coating.
= min. 10 MX3 (measured after 30 min. in

dark value ................ Rd =

total darkness)
light value .....c.......... RL = 75-300X3 (measured at 1,000 lux)
recovery rate ............ v = min. 200 kX3/sec

(i.e. the resistance rise per second at falling
light intensity)

permissible voltage. . . Emax = 150 Vpeak (provided that W max is not
exceeded)
ambient temperature . . — 30/+60°C

Resistance value
as a function of light intensity
Derating curve

A special version (LDR05/05) with a lower light value is

also available
Type number: B8731 05/05
to too Woo WO00 park value: Rd A 1 MX3 (measured after 30 sec. in total

darkness)

Light value: RL < 150X3
Other data and dimensions are the same as those of the LDRO5
Important: Do not solder closer than 10 mm to the body. Complete soldering and

handling instructions available on request.
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LDR - LIGHT-DEPENDENT RESISTORS

TYPE NUMBER B8 731 07

The LDRO7 is identical to the LDRO5 but has no plastic casing. The cell is covered with a special
lacquer.

Rd = rnin. 10 MQ (measured after 30 min. in

total darkness
RL = 75-300 Q (measured at 1,000 lux)

dark value ...c............

light value ................

recovery rate ............. v = min. 200 k£}/sec.
(i.e. the resistance rise per second at falling
light intensity)

permissible voltage. . . Emax = 150 Vpeak (provided that W max is not
exceeded)

ambient temperature . . — 30/+60°C

Important: Soldering and handling instructions available on request.

Resistance value
as a function of light intensity
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0.2" series - PRINTED-WIRING CONNECTORS

TYPE F045

TZUUSLE.

L= 21-179 mm single sided version

Other contact arrangements available on request.
Contact identification marks can be incorporated.



PRINTED-WIRING CONNECTORS -0.2 series

TYPE FO045
connector body... ..moulded black synthetic resin
contact SPrings..cccceeeeeeuennen. ~a gold upon %« nickel plated
phosphor bronze, bifurcated
contact termination............. soldering eyes
contact pitch.............ooe. 0.2" = 5.08 mm
contact resistance.. ..max. 8 mQ per contact (inclusive material resistance)
permissible current............. max. 5 A
board thickness................... 1/16" (1.4— 1.8 mm)
working voltage................... 1400 V (50 c/s)
working temperature . . . . —40 +100°C
insulation resistance............. min. 10J
MOoUNtING «veeiiiiiiiiieeenns on rails or panels
polarity ....coooiiiiiiiiiiiiinn, accessories for polarised mounting, without loss of contact positions,
are available.
number of contacts, single sided max. 54
number of contacts, double sided max. 108
Composition of the type number F045.C/0. .
oo » number of positions
Versions
single or double positions with contact
sided springs
1r
\ single all
Example: 9 double all
The type number of a connector with 15 single all but the two outermost
contacts, all singlesided, all with contact D double all but the two outermost

springs, is F0O45 AC/015.



0.156 series - PRINTED-WIRING CONNECTORS

TYPE F047

number of contact
springs per row

06
10
15
18
22

46.2
62.1
82.0
93.9
109.8

dimensions (mm)

t

38.9
54.8
74.7
86.6
102.5

C

31.8
47.7
67.6
79.5
95.4

27.80
43.63
63.45
75.34
91.14



PRINTED-WIRING CONNECTORS -0.156 series

TYPE F047
connector body .....cooceeuenn.n. glass fibre filled diallyl phalate, blue
contact SPrings...coeveevevnennes 1.3/i gold upon 5fi silver plated
phosphor bronze, bifurcated
contact termination............. soldering eyes
contact pitch....... ... 0.156" (3.96 mm)
contact resistance................ max. 6 mQ (inclusive material resistance)
permissible current............. 5A
board thickness................... 1/16" (1.4-1.8 mm)
working voltage  ................ 354V peak
test voltage......cooevevieiieienen 1800 Vrms
working temp.......cooiiiiinnt —65°/+125°C
insulation resistance............. min. 106 Mf2
Mounting ...ooovveviiieiienannns on mounting plates or rails
polarity ...cooiiiiiiiiiiinns keys for polarised mounting, without loss of contact positions, are
available.
number of contacts............. a) single sided: 6-10-15-18-22
b) double sided: 12-20-30-36-44
Marking ..oooooeeiiiiiiiiiieinn, according to MIL-C-21097B
Composition of the type number F047.C/0. .
bmmmmmmmm e » number of position
Versions:
mounting
holes
A single plain 3.2 mm
Example: B double plain 3.2 mm
The type number of aconnector with E double-bridged plain 3.2 mm
22 contacts, all double-sided, all with = double threaded bushl
contact springs and plain mounting ! single threaded bush1
holes, is F047 BC/022. H double-bridged threaded bushl
1 4-40NC-2B



0.15 series - PRINTED-WIRING CONNECTORS

Type F046

min 0.5

5| m.851

-=U021

mounting bracket



PRINTED-WIRING CONNECTORS -0.15 series

connector body.. .
contact SPrings ..coeeveeeienuennnn.
contact termination................
contact pitch......cocooiiiiiiiiatn
contact resistance...................
permissible current..
board thickness......................
working voltage......c..coooeeeennen
test voltage......cooeievieiieiieian...
working temperature.............
insulation resistance................
MOUNTING .coiiiiiiiiiiieeas
polarity ...ooooiiiiiiiiiiin,

number of contacts single sided

number of contacts double sided .

Type F046

moulded black synthetic resin

1/t gold upon 5|Mnickel-plated phosphor bronze, bifurcated

open soldering lug

0.150" (3.81 mm)

max. 8 vnQ (inclusive material resistance)

max. 3 A

1/16" (0.055-0.071" or 1.4-1.8 mm)

max. 354 V peak

1400V (50 c/s)

-407+100 °C

min. 101 MQ

on mounting plates, brackets or rails by means of plastic brackets
accessories for polarised mounting, without loss of contact posi-
tions, are available,

max. 45

max. 90

Composition of the type number F046.C/0. .

Example:

The type number of aconnector with
31 contacts, all doublesided but for
the two outermost ones, all with

contact springs, is F0O46DC/033.

b-mmmmmmemeee » number of positions
single or double positions with contact
o sided springs
A single all
B double all
single all but the two outermost
0 double all but the two outermost



0.1" series - PRINTED-WIRING CONNECTORS

Type F044

Fo4a4

version AC

Type FO44 AC

Type FOhk AB for soldering

for wire-wrap

Type FO44AA for dip-soldering
F10



PRINTED-WIRING CONNECTORS - 0.1" series

Type F044
connector body... moulded black synthetic resin
contact SPrings.....cceeeeen... 1fi gold upon nickel-plated phosphor bronze double wire springs,
bridged
contact termination R soldering eye, wire-wrap or dip solder pins
contact pitch................... 0.1" (2.54 mm)
contact resistance............. max. 8 mQ (inclusive material resistance)
permissible current . . . . max. 3 A
board thickness................ 1/16" (1.4-1.8 mm)
working voltage ............. max. 100 Vpeak
test voltage.....cooeveenenennen. 900 V peak (50 c/s)
working temperature . . -407+70 °C
insulation resistance . . . . min. 104 MU
mMmounting ...ccoeeveieeieaenns a) on mounting plates, brackets or rails
b) on p.w. boards
polarity ...coooiieiiiiiiiiien.. by inserting a key over a contact
mounting and polarizing accessoires are available.
number of contacts . . . . max. 37

Composition of the type number FO44A./0. .

| » number of positions

Example:

The type number of a connector
with 11 contact springs and wire-
wrap terminals is FO44AB/013.

1kind of terminals positions with contact springs

wrip-wrap [ all, but the two outermost

Ir
A dip-solder
B
c solder J
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0.1" series - PRINTED-WIRING CONNECTORS

TYPE ZEO21
2
n
9
72i.7063
connector body .......ooooeiiiiiins moulded black synthetic resin
contact SPrings......coceeuieininnnns 2/i gold upon 5fi nickel-plated phosphor bronze, dual contact
guarantee
contact termination................... soldering eyes
contact pitch ..., 0.1" or 0.2"
contact resistance...................... max. 8 mQ (inclusive material resistance)
permissible current. ... max. 3A
board thickness....................o.... 1/16" (1.4-1.8 mm)
test voltage......coveiininininienennne. 500 Vdc
working temperature................ -407 + 100 °c
insulation resistance................... min. 101
MOUNTING ...t on panels
polarity. ... by inserting a key over one position
number of contacts single sided 0.1": max. 45
0.2": max. 23
double sided . 0.1": max. 90
0.2": max. 46
type numbers will be indicated upon request
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MIDGET CONNECTING BLOCKS - 83029 series

These connecting blocks are used in
apparatus and installations where
high requirements are imposed both
on the quality of the connection and
on the appearance.

permissible voltage,

contact clamps connected to the mains 500 V peak

contact clamps not connected to the

M @M S e 1000V peak
mains voltage......ccoviriiiiiiiiiiiiiieieenns 250 V, 50 c/s
permissible current max. 25 A
permissible temperature .. ...max 70 °C
insulation resistance.....................co >5000
parallel damping....coccoovieiiiiiiiiiaiiianns >2 MQ
capacitance between two arbitrary contact

Clam P ~5pF

Further details on request.

The 2-to 12-fold connecting
blocks can be fixed on to a
panel of any desired thickness
by means oftwo screws 3 mmo

connecting
block

2-fold
3-fold
4-fold
5-fold
6-fold
7-fold
8-fold
9-fold
10-fold
11-fold
12-fold
14-fold

/
(mm)
32
38.5
45
51
58
64
71.5
78
84.5
91
97.5
97.5

type
number
88029/02
88029/03
88029704
88029/05
88029706
88029707
88029/08
88029709
88029710
88029711
88029/12
88029/14
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88073 series - MINIATURE CONNECTING BLOCKS

1uJ

block Bod/ .o
(o o] 1 £ Yol P

permissible current......o.ooiiiiiii

permissible voltage between adjacent contacts

teSt VOltage . e

working temperature

insulation resistance........oooiiiiiiiiiiiiiiiiiiens

capacitance between to arbitrary clamps:

connecting block / (mm)
2-fold 32.5
3-fold 39
4-fold 45.5
5-fold 52
6-fold 58.5
7-fold 65
8-fold 71.5
9-fold 71.5

10-fold 71.5

Further details on request

type number

88073/02

g9gng

X/

moulded black synthetic resin

nickel-plated brass clamps, insertion of connect-
ing wire on one side, soldering connection on
other side

max. 6 A

from mains: max. 354.V peak

from other sources: 630 Vpeak

2000 Vrms

-257+70°C

min. 50.000 MQ

approx. 5 pF

order number

2422 012 00406
/03 00506
/04 00606
/05 00706
/06 00806
/07 00906
/08 01006
/09 01091
/10 01005

The 2- to 8-fold connecting blocks can be fixed on to a panel of any desired thickness by means of two

screws 3 mm 0.
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AA

AB

CONTROL KNOBS

These knobs have been specially designed for professional equipment.
Their star feature is the fact that they are fixed by means of a clamping
collet. This method renders it superfluous to machine the shaft; it
greatly facilitates the fixing and removal of the knobs, and ensures a
permanently reliable attachment.

Round knobs

outer
diameter
(mm)
14
u
14
14

22
22
22
22
22
22
22

30
30
30
30
30

40
40
40
40
40

60
60
60
60
60

60
60
60
60
60

80
80
80
80
80

height
(mm)

20.5
20.5
20.5
20.5

21
21
21
21
21
21
21

spindle
0 (mm)

DO DN OO RDE OB

o0 o000

type

number

F111AA/14
AB/14
AA/14
AB/14

AA/22
AB/22
AA/22
AB/22
AC/22
AD/22
AE/22

AA/30
AB/30
AC/30
AD/30
AE/30

AA/40
AB/40
AC/40
AD/40
AE/40

AA/60
AB/60
AC/60
AD/60
AE/60

AA/60
AB/60
AC/60
AD/60
AE/60

AA/80
AB/80
AC/80
AD/80
AE/80

XX X X
I NN

XX X X X XX X X X X X
[N N RN

XX X X X
o0 000

XX X X X XX X X X

XX X X X

oo oo o

o0 000

spindle
0 inch

s/..

w

type

number

F111AA/14
AB/14
AA/14
AB/14

AA/22
AB/22
AA/22
AB/22
AC/22
AD/22
AE/22

AA/30
AB/30
AC/30
AD/30
AE/30

AA/40
AB/40
AC/40
AD/40
AE/40

AA/60
AB/60
AC/60
AD/60
AE/60

AA/60
AB/60
AC/60
AD/60
AE/60

AA/80
AB/80
AC/80
AD/80
AE/80

X 3/ig
x 316
X i
X i

e

X X X X > X X XXX X X X X X X X X x x XX
R cmhme mmim el -

X XX X X
Q
é\g
N

x 6/Ifl

X X X X X
TN NN

AC

AD

AE

- F111 series

BLACK



F111 series - CONTROL KNOBS

BLACK

Round knobs with crank

outer
version diameter height spindle type number
(mm) (mm)
BA 40 AO 6 mm F111BA/40 X 6
r F111BA/40 X r
BC AO AO 6 mm F111BC/40 X 6
r F111BC/40 X r
BA 60 42 6 mm F111BA/60 X 6
r F111BA/60 X
BC 60 42 6 mm F111BC/60 X 6
r F111BC/60 X i"
Vernier knobs
spindle spindle
provided with o type number | o type number
(mm) (inch) j
centre points. 6 881 50/00 r j 88150/10
SCrews 6 88150/01 r 88150/11
Reduction drive 1:9.
Switch knobs
max.
version length height spindle type number
(mm) (mm)
CA 40 23 6 mm F111CA/40 X 6
r FI1ZICAMO X r
CA 60 25 6 mm F111CA/60 X 6

i F111CA/60 X i"
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The control knobs series F112 have been designed
for use with equipment in a great variety of classes.
Among their main features we mention:
— modern styling;
— perfect mounting by means of clamping collet:
— available in black, grey or white.

Round knobs

outer
diameter
(mm)

10
10
10
10
13
13
13
13
13
13
17
17
17
17
172
22
22
22
22
22
22
22
22
222
222
222
30
30
30
30
302
302
302

height
(mm)

13
13
13
13
15
15
15
15
15
15

16.

16

16.
16.
15.

17
17

21.
21.

17
17

21.
21.

17

21.
21.

19
19

22.
22.

19
22

22.

w oo oo

a o

»

spindle
0 (mm)

3.2
3.2

>

DD DD DB BB OO >> 000 >> > >

type number

F112 AA/-10
F112 AB/-10
F112AA/-10
F112AB/-10
F112AA/-13
F112 AB/-13
F112AD/-13
F112AA/-13
F112 AB/-13
F112AD/-13
F112AA/-17
F112 AB/-17
F112AA/-17
F112 AB/-17
F112DA/-17
F112AA/-22
F112AB/-22
F112 AC/-22
F112AD/-22
F112AA/-22
F112 AB/-22
F112 AC/-22
F112AD/-22
F112DA/-22
F112DC/-22
F112DD/-22
F112AA/-30
F112 AB/-30
F112AC/-30
F112AD/-30
F112DA/-30
F112DC/-30
F112DD/-30

+ o+ +F F + + A+ o+ o+ F F X X X X X X X X X X X X XXX X X X X

»

DD DD B> 000> > 00 0M>> > Nthn

spindle
o (inch)

8
i

CONTROL KNOBS

- F112 series

THREE DIFFERENT COLOURS

type numberl

F112AA/-10
F112AB/-10

F112AA/-13
F112AB/-13
F112AD/-13

F112AA/-17
F112AB/-17

F112AA/-22
F112AB/-22
F112AC/-22
F112AD/-22

F112AA/-30
F112AB/-30
F112AC/-30
F112AD/-30

X
X

>

X X X X

X X X X

th th — —

1 2See next page



F112 series- CONTROL KNOBS

Switch knobs2

max. length height indl
(mm) (mm) spindle 0 type numberl
31 17.5 6 F112 CA/-30 x 6
31 17.5 }

F112 CA/-30 x i

1The dash in the type number stands for: A(black), B(grey), C(white).

2These “open knobs” are to be used in combination with a “closed” type for operating two concentrical spindles.
Preferred combinations are 13 a upon 17 0; 17 0 upon 22 0; 17 0 upon 30 0 and 22 0 upon 30 0.
F18



GLASS-TO-METAL SEALS - F043 series

COMPRESSION TYPES

Compression seals are used for hermetically sealing of components. They consist of a tube embedded
in the insulating material glass around which a metal outer ring is compressed. The connecting wire
has to be led through and soldered to the tube. The compression seal has to be soldered on to the

concerning component.

flash-over
voltage (kV)

2
2.8
5
5
5
5
6.2
6.2
6.2
4.5

C.D.1

0.75
1.5
4

w o oo DD

dimensions (mm)

S

0.35
0.35
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40

d,

1.5
1.5
2

NNDNNMNDNDDNDDN

d2

4.2

6.2
13.2
14.2
15.2
17.2
19.2
23.8
28.8
10.7

d4

11.7

DIN
DAO,75-4,2
DA1.5 -6,2
DA4  -13,2
DA4  -14,2
DB4 -15,2
DB4 -17,2
DB6 -19,2
DB6  -23,8
DB6 -28,8
DC3 -10,7

1C,D, represents the minimum creeping distance between the live parts.

fig-

WNNMNNNNR PP

type

number

FO43AA/001
/002
/004
/005
/006
/007
/008
/009
/010
/013
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880.. series - GLASS-TO-METAL SEALS

MATCHED TYPES

Glass-to-metal seals are used for leading a conductor insulated through the metal envelope of a unit,
and, at the same time for hermetically sealing the unit. External influences such as gases, moisture and
dust are excluded, and prevalent conditions in the unit as regards vacuum, gas atmosphere or any liquid
are rigorously maintained.

Matched-expansion glass-to-metal seals are widely used in both professional equipment and the enter-
tainment sector. Particularly the easy-fitting smaller types are often used as inexpensive feed-throughs,
e.g. for channel selectors, without full exploitation of the sealing function. A few further fields of appli-
cation are: hearing-aids; capacitors; transformers; filters; quartz-crystal units; measuring equipment;
computers, and so on.

creeping distance peak voltage in volts
top bottom current type number
a b c d
(mm) (mm) (A)
3 2 354 1100 34 800 5 88012703
3 2 354 1100 34 800 10 88013703
5 3.3 800 "600 354 1100 10 88013705
3 2 354 1100 34 800 5 88014703
5 3.3 800 1600 354 1100 5 88014705
10 6.7 1600 2200 1000 1800 10 88014710
15 10 3200 4000 1600 2200 10 88014715
15 6.7 3200 4000 1000 1800 10 88015/15
4 3 500 1400 354 1100 10 88016/04
1 0.8 34 34 34 34 2 88017700
1 0.8 34 34 34 34 1 88017/02
3 2 354 1100 34 800 5 88018703
5 2 800 1600 34 800 5 88018705

bottom in oil, lead-in directly connected to the mains

bottom in oil, lead-in not directly connected to the mains
bottom in air (min. 700 mm mercury), iead-in directly connected tothe mains
bottom in air (min. 700 mm mercury), lead-in not directlyconnected to the mains.

coow
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73+0.21

525+0.2

GLASS-TO-METAL SEALS

- 880 . series

MATCHED TYPES

dimensions (mm)

A 8
8.3+ 0.4 3.9+ 0.4
6.2+ 0.4 41 + 04

8+ 0.4 51+ 04
10.1 + 0.4 71 + 0.4
11.9 + 04 9+ 0.4
16.8 =+ 0.4 125+ 0.4
223+ 0.4 159 + 0.4
223+ 04 125+ 0.4
10.2 £+0.3 ! 10.3 + 0.3
6.2+ 0.4 8 ©

3.2+ 0.4 3.8+ 0.4
12.3 £0.4 3.9+ 0.4
143 + 0.4 3.9+ 0.4
88018/05
88013/03 88013/05 88014/03 88014/05

88014710 88014715 88015/15

type number

88012/03
88013703
88013705
88014703
88014705
88014710
88014715
88015715
88016/04
88017/00
88017/02
88018/03
88018705



8800. series - SCREENED PLUGS AND SOCKETS

These rigid plugs and sockets have been basically designed for use with microphones and amplifiers.
They consist of a moulded synthetic resin body with pins or sockets which are fixed in a strong die-
cast aluminium can. The contact springs are double acting, offering a four-fold contact guarantee and

are of a self-cleaning contact design.

The plugs and sockets are available in three series
88003 - three-pole according to Fig. 1; Imax 6 A
88004 - three-pole according to Fig. 2; Imax 15 A
88005 - six-pole according to Fig. 3; Iraax 6 A

Permissible voltages:
Epeak (between two arbitrary contacts)

Permissible temperature range

Contact resistance  .............cocooielll
Insulation resistance.........................
Parallel damping......coocvieieiiiiiiiiiianen.
Capacitance between contacts and casing

F22

500 V (except between contacts 1 and 2 of series
88003 where Epeak = 350 V. Series 88004 are also sui-
table for connection to three-phase mains of 3 X 350 V
-40/+70 °C

max. 3 mQ

min. 15000

min. 0.5 M.Q at 1500 kc/s

3-6 pF



SCREENED PLUGS AND SOCKETS -8800. series
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SOCKETS FOR TUBES AND TRANSISTORS

GENERAL

To ensure the reliability of any electronic equipment, a permanently good electrical contact between
tubes or transistors and the circuit is of paramount importance. It is the task of the sockets to provide
adequate and lasting contacts. Therefore, very high requirements have to be imposed on their design
and qualities, both electrical and mechanical. Even the best tube or transistor will not behave better
than its socket will allow it to do!

In service, inferior or wrongly chosen sockets may cause crackling and unduly high losses; when tubes
are being inserted into or removed from such sockets, they may even be damaged. Moreover, the
dynamic expansion of electronic applications has resulted in afairly great number of new tube construc-
tions which are used under very divergent and often adverse conditions.

For all these reasons, we have developed a range of first-rate sockets for current tubes and transistors,
devoting our best attention to requirements such as high insulation resistance, low capacitance, low
losses and ability to withstand high temperatures, shocks and vibrations.

The sockets for radio and TV applications have been designed with the aim to obtain optimum perform-
ance at an attractive price. According to the application, the insulating material is either resin-
bonded paper, synthetic resin or ceramics. Sockets with resin-bonded paper or synthetic resin are
suitable for frequencies up to 50 Mc/s. Sockets with ceramic insulating material are suitable for use in
humid surroundings; they will give satisfactory results at frequencies up to 500 Mc/s.

All types have been designed for top-chassis mounting. During soldering operations, the sockets should
contain either adummy tube or awire jig. Earthing of the centre screen greatly reduces the capacitance
between contacts. Suitable screen cans are available for miniature and noval sockets.

The sockets for professional applications are employed inter alia in transmitters, telecommunications and
industrial equipment. Their construction is extra rigid and provides maximum resistance to arcing and
flashovers. A few types have been designed for bottom-chassis mounting. If more than one type of
socket is available for a given tube base, the choice depends on the application of the tube.

For transistors, three types of socket are available viz. with 3, i and 5 contacts. These sockets are
made of a synthetic resin which can withstand an ambient temperature of 100 °C.

F24



application

tubes

colour TV (90°)
11" tinyvision
TV

special tubes

transistors

1 Silver plated;

2Gold plated;

SOCKETS FOR

type

subminiature (B8D)

octal (K8A)

miniature (B7G)

noval (B9A)

decal

magnoval
eightar

12p. base
7p. base

superjumbo
medium N base
medium base

13 p. base

: (T018)

o~ w
- T T

insulating
material

synthetic resin

synthetic resin
ceramic

resin bonded paper
ceramic

resin bonded paper
ceramic

ceramic

ceramicl

ceramic2

ceramicl

resin bonded paperl
ceramic

resin bonded paper
mica-filled
synthetic resin
resin bonded paper
ceramic

ceramic

special plastic

synthetic resin

synthetic resin

number
of contacts

10
10
10
10

12

13

5

type number

5907/23

5903/12
5903/13

B8 700 46 (p.w.)
5909/36

B8 700 49 (p.w.)
B8 700 28 (p.w.)
B8 700 19

B8 702 24
B8 700 22
B8 702 23
B8 702 11 (p.w.)

B8 700 86

B8 700 63

2422 504 01001
2422 500 03001

2422 500 03002 (p.w.)

40403

40219

40222

B8 700 67

BB 700 01/00
BB 702 12
Z9 012 30

(—) BVA registration number; (p.w.) printed wiring version, 50 pcs

TUBES AND TRANSISTORS

SURVEY

page

F26

F26
F26

F27
F27

F28
F28
F29
F30
F30
F30
F30

F31

F31

F32

F32

F32

F33

F33

F34

F34

F35
F35
F35
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TUBE SOCKETS

SUBMINIATURE TYPE (B8D)

Type 5907/23

Insulating material: synthetic resin
Number of contacts: 8

OCTAL TYPES

Type: 5903/12
Insulating material: synthetic resin
Number of contacts: 8

Type: 5903/13
Insulating material: ceramic
Number of contacts: 8
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Type B8 700 46 for p.w.

Insulating material: resin-bonded
paper.
Number of contacts: 7

Strips each containing
50 sockets
type B8 700 46

JUEE

Shielding can
dimensions
H (mm)

u
52
57.5
63

type
number
B8 700 06
B8 700 07
B8 700 08
B8 700 09

~3(9

TUBE SOCKETS

MINIATURE TYPES (B7G)

,04*005

Type 5909/36
Insulating material: ceramic
Number of contacts: 7



TUBE SOCKETS

NOVAL TYPES

Type B8 700 49 for p.w.

Insulating material: resin-bonded paper
Number of contacts: 9

Strips each con-
taining 50 sockets
type B8 700 49

Type: B8 700 28 for p.w.
Insulating material: ceramic
Number of contacts: 9
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Shielding can

dimensions
H (mm)

2
52
57.5
63
74

type

number

B8 700 54
B8 700 55
B8 700 56
B8 700 57
B8 700 58

TUBE SOCKETS

Type: B8 700 19
Insulating material: ceramic
Number of contacts: 9
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TUBE SOCKETS

DECAL TYPES

Type E8 702 24
Insulating material: ceramic
Number of contacts: 10, silver-plated

Type B8 702 22 Type B8 702 23
Insulating material: ceramic

Insulating material: ceramic
Number of contacts: 10, silver-plated

Number of contacts: 10, gold-plated

Type B8 702 11 for p.w.

Insulating material: resin-bonded paper on strips each containing 50 sockets type B8 702 11
Number of contacts: 10, silver-plated

F30
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TUBE SOCKETS

MAGNOVAL TYPE

Type B8 700 36
Insulating material: ceramic
Number of contacts: 9

EIGHTAR TYPE

For TV picture tubes, 110° deflection

Type: B8 700 63
Insulating material: resin-bonded paper
Number of contacts: 8
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TUBE SOCKETS

12p TYPE

Colour TV (90°)

Type: 2422 504 01001

Insulating material: mica-filled synthetic resin.
Number of contacts: 12

7p TPE

11" tinyvision TV

Type 2422 500 03001

Insulating material: resin-bonded
paper

Number of contacts: 7

DS SENIN

17247532

Type 2422 500 03002
P.w. version
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TUBE SOCKETS

SUPER JUMBO BASE TYPE

Type 40403
Insulating material: ceramic
Number of contacts: 4

MEDIUM N BASE TYPE

Type 40219
Insulating material: ceramic
Number of contacts: 5
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TUBE SOCKETS

13-PIN TYPE FOR COUNTING TUBES
las

7- iy

25»

Type B8 700 67
Insulating material: synthetic resin
Number of contacts: 13



TRANSISTOR SOCKETS

Type B8 700 01/00
Insulating material: synthetic resin
Number of contacts: 3

Type B8 702 12 (T018)
Insulating material: synthetic resin
Number of contacts: 4

mo 00030 Type 29 012 30
Insulating material: synthetic resin
8.8 Number of contacts: 5
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AP1001/2 series - IF COILS FOR RADIO (tube sets)

MINIATURE TYPES FOR AM

The AM coils are adjusted to an IF type number type number
frequency of 452 or 470 kc/s. There
are versions for conventional wiring
and for printed wiring. The latter
items fit a grid of e = 0.1" or 2.50

mm and a hole diameter of 1.3 mm.
A A A

rr
Available types
AP1001/52, 452 kc/s convent, wiring
AP1001/70, 470 kc/s convent, wiring .
AP1002/52, 452 kc/s printed wiring é;
AP1002/70, 470 kc/s printed wiring ap
p Q /T
range of adjustment............oooiiiiiiiinns 446— 483 kc/s
quality factor Q .....ooiiiiiiiiins 140
quality factor KQ .....ooooiiiiiiiiiiiiee, 1
maximum working temperature 85 °C
The coils for conventional ’ 11
wiring are fixed by means of a * —
wire spring shown in the ad- - r.
jacent figure, which also gives i L
the required mounting aper- 0J j—
ture; the printed-wiring *

types are mounted by means
oftwo earthing tags.

K 195pF

R=2t0.2 24W.1 Mounting spring and aper-
20-Q1 ture for conventional-wiring
versions.
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IF COILS FOR RADIO (tube sets) - AP1108 series

MINIATURE TYPES FOR FM

33pl 33pF
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AP1113 series - RATIO DETECTOR COILS FOR RADIO (tube sets)

MINIATURE TYPES FOR FM

AP1113/00
(conventional wiring)

Hole pattern

F38

AP1113/01
(printed wiring)

Adjustment range .

At 10.7 Mc/s

10.7 Mc/s + 7.5%
Q, = 100, Q2=90
kQ = 1.65+15%
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IF COILS FOR RADIO (transistorized sets) - AP1051 series

SUBMINIATURE TYPES FOR AM, FM AND AM/FM

The coils are designed for mounting
on printed-wiring boards with an
e-grid = e/4 = 0.635 mm.

They can be supplied with a built-in
capacitor (capacitance values 47, 82,
100 or 150 pF).

intermediate frequency....... 450-470 kc/s (AM)

10.7 Mc/s (FM)
quality factor Q .......ceeciiiiiiiiiiine. 100-140
inductance adjustment range. . . . +10%-+15%
temperature coefficient........ 100.10~6-400.10~&/°C

Production quantities can besuppliedaccording to specification.

PIECE PARTS FOR SUBMINIATURE IF COILS
The frame core for the coils of the AP1051 series can be supplied separately. For setmakers who wish
to make there own miniature (Lilliput) IF coils (series AP1040-AP1045) an assortment of loose piece

parts is available.
These piece parts are described in section “Soft magnetic materials” pages G15, G16.
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AP1051 series - IF COILS FOR RADIO (transistorized sets)

SUBMINIATURE TYPES FOR AM

The following performance can be obtained with these coils in the above-given circuit, measured with

a supply voltage of —7 V.

a. Sensitivity: Input 2/.(Vi 6 dB at 1 Mc/s for 50 mV audio output. The input is modulated 30% at

400 c/s. The output is measured across a 5 kQ load.

b. Bandwidth: 5.1 kc/s +500 c/s at 6 dB. Measured under similar conditions with a centre frequency

of 470 kc/s.
c. Attenuation: 26 dB +3 dB at +9 kc/s from centre frequency.
d. Consumption: approx. 3.3 mA.

SUBMINIATURE TYPES FOR AM FM AND AM/FM

Available types: A M - AP1051/20 AP1051/22 F M - AP1051/17
AP1051/21 A P1051/23 AP1051/18

a. Sensitivity: Input 1.6 /cV + 6 dB at 1 Mc/s for 10 mV audio output.
The input is modulated 30% at 400 c/s. The output is measured
unloaded.

b. Bandwidth: 4.8 kc/s + 500 c/s at 6 dB. Measured under similar Sj =

conditions with a centre frequency of 460 kc/s. S2=
c. Attenuation: 77 X at 9 kc/s from centre frequency. Sj =
d. Consumption: approx. 3.3 mA. S4=
e. Max. input: Vb on first transistor 20 mV (1 MHz) S6 =

F40

AP1051/19

oscillator AM
AP1051/20

S5= AP1051/21
AP1051/22
AP1051/23



IF COILS FOR RADIO (transistorized sets) - AP1051 series

SUBMINIATURE TYPES FOR AM, FM AND AM/FM

Application FM

Sj, S2,S3,54, S5, =AP1051/17-IF coil
56 =AP1051/18-Detector coil
57 =AP1051/19-Detector coil

The following performance can be obtained with these coils in the above-given circuit, measured with

a supply voltage of 6V.

a. Sensitivity: Input 44/<V for 10 mV audio output. The output is measured unloaded. Af =
b. Bandwidth: 160 kc/s at 6 dB.

c. Attenuation: 450 X at 300 kc/s from centre frequency.

d. Consumption: approx. 3.3 mA.

Application AM/FM

Sj = aerial coil AM S, = AP1051/23
Sa = oscillator coil AM S8, 89, S10, SIx, S12 = AP1051/17
S3 = AP1051/20 513 = AP1051/18

S4,56 = AP1051/21 514 = AP1051/19

S5 = AP1051/22

15 kc/s.
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LP1150 series - RF/IF COIL FOR RADIO (transistorized sets)

MODULE TYPE FOR AM

The module type LP1150 is a miniature fully screened frequency changer and I.F. amplifier designed to
cover the medium and long wave bands. It is primarily intended for use in small size radio receivers, but
its performance is such that it can be used with advantage in larger receivers.

The first transistor is used as a self oscillating mixer. The second and third transistors provide two
stages of I.F. amplification at 450-470 kc/s using single-tuned circuit I.F. transformers. An OA90 diode
provides the A.F. output into a5 kQ load, (normally the volume control of the receiver). An R.F. filter
capacitor is provided across this A.F. output.

min 2.2(6x)
© © -V
© ©  LPT150 3ivo -

max49.8 n 46,3+0.15

Associated circuits

To complete the radio frequency side of a receiver it is necessary to add the aerial circuit, tuning capac-
itor and wave range switching. The audio output may be applied direct to the volume control whilst
the supply voltage is obtained from a 9V battery, via a decoupling network. The circuit below has been
simplified by omitting the wave range switch.

aerial section
AC 1033

Connections

1. Oscillator section of tuning gang AC1033 4. Audio output
2. Earth 5. —7 V input
3. Aerial coil secondary 6. Earth

Performance

These figures are based on initial production and may be amended. They are based on a supply voltage,

measured at the module, of —7 V.

a. Sensitivity: input 2/*V + 6 dB at 1 Mc/s for 50 mV audio output. The input is modulated 30% at
400 c/s. The output is measured across a 5 kf? load.

b. Bandwidth: 5.1 kc/s + 500 c/s at 6 dB.
Measured under similar conditions with a centre frequency of 470 kc/>.

c. Attenuation: 26 dB + 3 dB at + 9 kc/s from centre frequency.

d. Consumption: approximately 3.3 mA.
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POLARIZED RELAY - SZC series

MINIATURE TYPE

These relays are especially designed for applications which require small dimensions, high reliability,
long life, low power and short switching times.

They are in particular suitable for use in telephonesystems, computers, remote-control, data switching
and telegraphsystems, measuring apparatus, logiccircuits, television, etc. The relays are housed
in a hermetically sealed metal can, switch in a well defined gas atmosphere and have good shock and
vibration proparties.

They can be supplied in two versions:
Type SZC7122. A bistable type with one change-over contact. This version has two normal positions.

Type SZC7123. A monostable type with one change-over contact. This version has one normal posi-
tion. To keep the make-contact closed, the relay must be energized.

When relay type SZC7122 is ener-
gised according to the figure, term-
inals 2 and 6 are interconnected; in
the opposite direction terminals 2
and 1 are interconnected.

When relay type SZC7123 is ener-
gised, terminals 2 and 6 are inter-
connected.

F43



SZC series - POLARIZED RELAY

MINIATURE TYPE

Winding data

version winding terminals number vyire resistance type number
begin end of turns ! diam. 25 °C(R)
bistable | 5 3 2400 10.05 mm 290 SZC7122
] 8 7 2400 0.05 mm 400
monostable | 5 3 2400 0.05 mm 290 SZC7123
] 8 7 2400 10.05 mm 400

The tolerance on the winding resistance is +15%-

Ampere turns

bistable relay | monostable relay
HOPErate . coiiiiiiieieieaeaeeaens 35 AT . 45 AT
release.....ooiieiiiiiiiiiiiiie, 1 — 1 6 AT
non operate......cocevieiieininenn. | 10 AT | 20 AT
— | 22 AT

life of contacts.

.>10" contact operations.

Switching times.

1. Operate time of closed contact.
This time depends on the energizing AT, operate AT and the total power in the energizing circuit
and may vary from

0.3 - 1.5 msec (monostable type)
and 0.15 - 0.6 msec (bistable type),

eg-
circuit dissipation 500 mw 100 mW
energizing AT
2 11
operate AT
monostable type . approx. 0.3 msec approx. 1.5 msec
bistable type . . . . approx. 0.15 msec approx. 0.6 msec

2. Change-over time. This time also depends on the energizing AT, operate AT and the total power
in the energizing circuit, and lies between 0.25 and 0.6 msec.

3. Bounce time <0.3 msec at 90% of the relays of a batch.
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INTRODUCTION

F46

CLASSIFICATION

A correctly chosen loudspeaker is essential to obtain adequate acoustic results from
electro-acoustic equipment. The following factors should be considered.

Shape, size and attachment, with reference to the available space.

Quality and sensitivity, which compromise between fidelity of reproduction and
price.

The frequency-response characteristic in relation to the kind of application.

Impedance and power-handling capacity, which should be adapted to the output
stage of the equipment.

Appearance and finish.

To facilitate your making a choice from our programme of loudspeakers, all the basic
types are tabulated on page 51. The explanations given in the rest of this introduction
apply to the entire programme and, therefore, they are not repeated in the specifica-
tions.

Midget speakers

As their name indicates, the midget speakers have minor dimensions and, particularly,
very small depth. Nevertheless they have a remarkable sensitivity and, thanks to this
circumstance and to the special Z-version frequency-response characteristics, they are
extremely suitable for transistorised radio sets such as portable, pocket-size and per-
sonal equipment.

Standard speakers

The standard speakers are by far the most extensive group. As a consequence of the
diversity in characteristics and size, they are suitable for sets of all kinds, AM, FM, TV,
car radio, electrophones, tape recorders, sound columns, consoles, etc. in all the various
price classes.

Almost any size is available in two or more sensitivity classes (I, Il, Il and 1A) according
as a magnet system of 6800, 8500 or 9500 gauss is used ; the difference in acoustic output
between consecutive classes is 3 dB.

The TICONAL magnet systems class I, Il and Il have remarkably weak leakage fields.

The classes Il and IIIA are identical as regards their high quality, but the 111A speakers
have a smaller depth thanks to the use of flat ferroxdure magnet rings. Therefore, they
are appropriate for larger-size transistor equipment such as table-type radio sets, car-
radio sets, gramophones and tape recorders.

The fairly appreciable difference in price between the various classes allows of choosing
the required compromise between price and quality for any individual application.



INTRODUCTION

High-quality speakers

The high-quality speakers have been specially designed for use in Hi-Fi equipment,
where a high power-handling capacity, a very wide frequency-range and a negligible
distortion level are required. Examples of application: acoustic boxes, bass-reflex boxes,
juke boxes, Hi-Fi enclosures, with and without cross-over network and stereo columns.

Special speakers

The special speakers have specific applications, (see page F85)

ATTACHMENT

All the loudspeakers conform to the recommendations of the E.I.A. (Electronic Indus-
tries Association, formerly RETMA).

QUALITY LEVEL

Thanks to the use of superior TICONAL or ferroxdure magnets of outstanding
materials for cone and centre ring, as also to the rugged construction featuring a close-
tolerance air-gap, the quality of each type of speaker complies with the most exacting
requirements.

FINISH

The loudspeakers are tropic-proof and they are cadmium-plated so as to prevent any
corrosion.

DERIVATIVE TYPES

Each basic type may have one or more derivative versions as regards acoustic charac-
teristics and voice-coil impedance.

M-VERSION (bicone speakers)

These speakers are equipped with an extra high-note cone inside the normal one. This
results in remarkable perfection of reproduction, the frequency range being expanded
from about 10 kc/s to some 20 kc/s, and the spatial sound-distributions being made more
uniform.

At high frequencies the normal cone suffers from the “breaking-up” effect, which means
that not all parts vibrate in phase any longer: the entire cone area cannot follow the quick
vibrations as a consequence of inertia; several parts will vibrate out of phase and so
counteract each other. At rising frequency the effective area is even more restricted
to the apex region of the cone, and a steadily decreasing acoustic output is the result.

Glueing a small and fairly stiff extra cone inside the apex of the normal cone enlarges
the radiating surface at highfrequencies, and hence improves the high-note reproduction.

The extra cone furthermore acts as a sound diffuser at frequencies up to about 10 kc/s,
the range of the normal cone. Beyond this frequency the small cone gradually takes over
from the larger one, the latter then acting as a high-note reflector.

Applications are, inter alia, Hi-Fi equipment, stereo enclosures, TV receivers and
FM radio sets.
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INTRODUCTION

X-VERSION

The speakers of this version have been specially designed for medium-class receivers
that can reproduce only a limited frequency range.

By employing special cone-techniques, it was found possible to obtain an increased
sensitivity in the region of maximum earsensitivity (1-4 kc/s). Between 1.4 and 6 kc/s
the frequency characteristic shows a so-called forwardness or presence peak of about
5 dB, making the sound very clear and open.

Y-VERSION

For less powerful AM/FM receivers such as battery sets, where high-note distortion is
likely to occur, the speakers of this version are very suitable.

The sensitivity in the region of 1-4 kc/s is further increased, and frequencies beyond
6 kc/s are suppressed. A presence peak of 7-8 dB improves the sound quality to a fair
level.

Z-VERSION

These speakers have a major sensitivity in the medium range and, for cone diameters
up to 4", a frequency cut-off at 3.5-4 kc/s so as to avoid the noise that accompanies the
higher frequencies. In the case of a larger cone diameter, the reproduction of the higher
frequencies is attenuated.

Z-version speakers are extremely suitable for transistorised sets.

IMPEDANCE

In addition to the low-ohmic basic types, the loudspeakers are available in high-ohmic
versions which may be desirable in the case of a transformerless output stage.

Standard high-ohmic versions are the following.

A (800 ), H (25 n>,
C (150 Q), p (15 nj,
G (100 £1), s (8D),
K ( 60 ft), R (4fl).

PREFERRED TYPES

Speakers with type numbers in bold print are as a rule available at shorter notice than
the other types.

Non-listed items can be supplied on request.



FREQUENCY-RESPONSE CHARACTERISTICS

GENERAL

On the following pages you will find the frequency-response curves of all low-ohmic types. These

curves are measured under the following conditions:

recorded in anechoic room;
. without baffle;
microphone in axis of loudspeaker at a distance of 50 cm;

input 50 mW at 400 c/s;

a & 0N P

. constant voltage.

Comparing a constant-current characteristic of any loudspeaker with a constant-voltage
one, we find the latter flatter in the region of the resonance frequency, whereas it drops
more abruptly at the higher frequencies. The reason is as follows.

The power which moves the coil and the cone is proportional to the current through
the coil. In the case of constant voltage, the current will decline in the neighbourhood
of the resonance frequency and at higher frequencies as a consequence of rising coil
impedance. The result is dropping sound pressure in these frequency regions.

The frequency ranges indicated on the obsolete EP-sheets relate to older constant-
current measurements and, hence, do not relate to the response curves depicted here.

THE USE OF RESPONSE CHARACTERISTICS

First of all we wish to emphasise that these curves should be used exclusively for com-
parison.

Never compare curves which are not based on one and the same measuring method
(identical measuring equipment, measuring room, distance, power input and, even,
identically mounted speakers). Only experienced experts are able to compare response
curves not based on exactly identical conditions. Also the condition of the anechoic
chamber may greatly affect the results.

Contrary to many other manufacturers, frequency characteristics for loudspeakers
were determined without a baffle.

THE FREQUENCY CHARACTERISTICS FOR MAKING COMPARISONS

The response curve does help us to disclose differences in reproduction quality. The
comparison of curves determined under identical conditions may give a picture of a
few acoustical aspects. A difference in level means a difference in sensitivity (efficiency)
in various frequency regions. A difference in width means a difference in frequency
range.

We should never forget, however, that the curves represent the sound pressure only
in the centre of a circular plane. Since the sound pressure is not uniformly distributed
over the plane and not in the same manner in various cases, the sound impression may
differ more than the response curves suggest.

It will be evident that a high degree of expertness is required to interpret the differen-
ces in response curves. For the greater part, this expertness is gained through exper-
ience.
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FREQUENCY-RESPONSE CHARACTERISTICS

FREQUENCY CHARACTERISTICS AN AID FOR MANUFACTURERS

Response curves play a great part in the development of loudspeakers, pinpointing
their acoustic characteristics, their manufacture and production checks.

For a major part, the acoustic characteristics are bound up with the moving parts of a
speaker, i.e. the coil, centring ring and cone. For the development engineer it is but a
small problem to establish what response curve is required for an equipment under
development. Furthermore, if the acoustic reproduction is not yet up to the require-
ments, it is a fairly simple matter for them to subject the speaker to slight modifica-
tions, based on the frequency curve, and to examine the effect with the help of the curve.
For loudspeakers in production, the frequency characteristic is an excellent means to
check the reproduction quality and, at the same time, the sensitivity of the magnet
system. As regards less experted customers, great caution should be exercised as for
use and interpretation of the curves.

0 50 100 200 300 400 500 Hz 1 2 3 4 5 10kHz 20



cone size

0

2
2.25"
2.5"

g
8.5"
10"
12"
12"
3 X
4 X
5X
6 X

g
6"
7.

9"

shape of
flange

round
round
round
square
square
round
special
round
octagonal
octagonal
round-
wafer

round-

round-
wafer
octagona
round
round
round
round
oval
oval
ova
ova

standard cones .

standard impedance
(low-ohmic)

midget
speakers

AD2218
AD2209
AD3207
AD3316
AD3416
AD3417
AD3414
AD3415

3-4-8.Q

class 1

AD1300
AD1400

AD1500
AD1700

SURVEY OF BASIC TYPES

standard speakers

class Il

AD2300
AD2400

AD2500
AD2700

AD2800

AD2460
AD2570
AD 2690

Z-0-X-M

3-5fi

Woofer loudspeaker AD5201 Hi-Fi (see page F96)

class Il

AD3500
AD3700

AD3800

AD3380
AD3460
AD3570
AD3690

Z-0-X-M

4-5Q

class Il A

AD3514
AD3714

AD3814

AD3464
AD3574
A D 3694

Z-X-M

58

special
speakers

AD3701
AD3721

AD3725
AD3729

AD4201

high
quality
speakers

A D 4800
9710

AD4000
AD4200
AD5200

70

sl



2 MIDGET LOUDSPEAKERS

AD2218

Main dimensions:

outer diameter
total depth ma

power-

handling

capacity
(W)

0.3

D G

impedance
at 1 kc/s

(0)

resonance
frequency
m

590

Primary applications:

pocket

Specific property:

Extremely flat magnet of TICONAL X.

total
magnetic

flux

(Mx)

6000

~0

50 100

flux
density

©)

6000

200 300 500Hz

weight

(e

radios and other transistorised sets of minor
dimensions.

3 A5 10kHz 20

type number

AD2218Z7



225 MIDGET LOUDSPEAKERS

AD2209
Primary applications:
pocket radios and other transistorised sets of minor
dimensions.
Specific properties:
1. Extra-powerful magnet of TICONAL GG and a pot of
sintered iron.
2. Negligible stray field (at 1 mm distance from the magnet
system, the stray field is hardly measurable).
Main dimensions:
outer diameter..................ll 58 mm
total depth maX.......ccovevieieiinen. 23 mm
50
dB
A0
30
20
10
~0 50 100 200 300 500Hz 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux eight " b
capacity at 1 kc/s frequency flux density welg ype number
(W) Q) (cl®) (Mx) (G) (@)
0.5 8 420 11500 7100 55 AD2209SZ
0.5 70 420 11500 7100 55 AD2209KZ
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25 MIDGET LOUDSPEAKERS
AD3207
Primary applications:

personal sets and other transistorised cordless radio
receivers.

Specific property:

High sensitive magnet of ferroxdure 300.

Main dimensions:

outer diameter....................e 63.9 mm
total depth max.......coooeeveiene. 20.1 mm
power- total
handling impedance resonance magnetic flux iah b
capacity at 1 kefs frequency flux density weight type number
(W) (0) ft/sj (Mx) (Q @)
0.5 3 350 8500 8500 85 AD3207Z
0.5 150 350 8500 8500 85 AD3207Cz
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3" MIDGET LOUDSPEAKERS

Primary applications:

portable radios and other transistorised cordless sets.

Specific properties:

1. Small depths owing to a flat magnet of powerful ferrox-
dure.

2. The frequency-response curve displays a pronounced
presence peak in the region of maximum ear sensitivity.

Main dimensions:

mounting diam eter
outer diameter
total depth max

50r
dB
40 -
W
20 - By A
10 -
m
0 50 100 200 300 500Hz 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux
capacity at 1 kc/s frequency flux density
(W) (0) (els) (Mx) ©)
1 3 285 9500 9500
1 8 285 9500 9500
1 150 285 9500 9500

weight
()

130
130
130

AD3316
................ 92 mm
............... 80.2 mm
............... 27.2 mm

type number

AD3316Z
AD3316SZ
AD3316CZ
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U MIDGET LOUDSPEAKERS

AD3416

Primary applications:

cordless radio sets;
small tape recorders.

Specific properties:

1.
2
3
Main dimensions:
mounting diameter............... 119 mm
outer diameter...................... 105.2 mm
total depth max......cccceeeieenanns 29.3 mm
power-
handling impedance resonance  frequency
capacity at 1 kc/s  frequency range
(W) Q) (c/9) (c/s)
1 3 250 240-6000

F56

Favourable compromise between features such as high
acoustic output, reduced mounting depth and low
weight.

. Powerful ferroxdure magnet.

. The frequency-response curve displays a pronounced

presence peak in the region of maximum ear sensitivity.

total
magnetic flux .
flux density weight type number
(Mx) ©) ©
I I
9500 9500 150 AD3416Z



4" MIDGET LOUDSPEAKERS

AD3417
Primary application:
AM/EM transistor sets.
Specific properties:
1. Frequency range suitable for both AM and FM recep-
tion in transistorised sets. They combine the advan-
tages of our Z-type cones with a frequency limit of
7.8 kc/s, which was found to be the best compromise
to ensure satisfactory results in both systems.
2. Small depth owing to flat ferroxdure magnet.
Main dimensions:
outer diameter...................... 105.2 mm
total depth maX........cooeienanns 30 mm
0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handlin impedance resonance  frequenc magnetic flux .
) 9 P 4 y 9 . weight type number
capacity at 1 ke/s  frequency range flux density
(w) Q) fc/sj (c/s) (Mx) (G) @)
1.5 3 155 135-8000 9500 9500 150 AD3417Y
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U MIDGET LOUDSPEAKERS

AD3414

Main dimensions:

mounting diameter
outer diameter
total depth max

power-

handling

capacity
(W)

impedance
at 1 kc/s

©)

15

Primary application:

high-quality cordless radio sets

Specific properties:

1.
2
3
............. 115 mm
............ 95.2 mm
............ 42.2 mm
resonance  frequency
frequency range
(c/s) (c/s)
165 170-7000
165 170-7000

These class-l1lIlIA speakers are particularly suitable for
high-performance cordless radio sets.

. Extremely sensitive ferroxdure magnet, which con-

verts even small output signals into a sound of fair vo-
lume.

. The resonance frequency has been adapted to the aver-

age size of smaller sets so as to obtain optimum bass
reproduction.

0 50 100 ZOO 300 500Hz 1 2 345 10kHz 20
total
magnetic flux ioht ¢ b
flux density welg ype number
(Mx) ©) ©
22300 12000 400 AD34147

22300 12000 400 AD3414PZ



Primary application:

cordless radio sets
(in particular for AM/FM reception)

Specific properties:

1. Owing to the large and flat square magnet of ferroxdure
and the X-version cone, these speakers combine high
sensitivity and appreciable presence with a small depth.

U MIDGET LOUDSPEAKERS

2. Sensitivity equals that of type AD3414Z, but the wider
frequency range renders these speakers suitable for

AM/FEM sets.
power-
handling impedance
capacity at 1 kc/s
(W) (0)
3 4

resonance
frequency
(c/s)

160

frequency
range

(cr

150-10000

total
magnetic

flux

(Mx)

25000

Main dimensions:

outer diameter
total depth m ax

flux
density

(©)

10400

weight
@

250

AD3415

type number

AD3415RX
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3 STANDARD LOUDSPEAKERS

A D1300-06

Primary applications:

small radio receivers;
intercoms; TV tweeters.

Specific properties:

1. Thanks to the pronounced high-note reproduction the
AD1300 is quite suitable for use as high-note projector
at the front of receivers.

2. The Z-version is outstandingly suited to obtain clear
reproduction of the human voice.

Main dimensions:

mounting diameter............... 92 mm
outer diameter.............cooeuee. 80.2 mm
total depth max... 42.8 mm
0 50 100 200 300 500Hz 1 0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- ! j | total
handling j impedance ; resonance | magnetic _ flux oh b
capacity at 1 kc/s j frequency | flux ensity weight type number
w) Q 1 ©s) 1 (Nix) © @
230 9500 6800 130 AD1300-06
275 9500 6800 130 AD1300Z-06
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Primary applications:

small radio receivers;
intercoms; TV tweeters.

Specific properties:

1. Thanks to the pronounced high-note reproduction the
AD2300 is quite suitable for use as high-note projector

at the front of receivers;

2. The Z-version is outstandingly suited to obtain clear

reproduction of the human voice.

0 50 100 200 300 500Hz 2 3A5
power-
handling : impedance resonance
capacity at 1 kc/s frequency
(W) \ (0) (c/s)

2 3 230

2 3 275

2 150 275

10kHz 20

total
magnetic

flux

(Mx)

15800
15800
15800

Main dimensions:

mounting diameter.

outer diameter
total depth max

flux
density

(Q

8500
8500
8500

200 300 500Hz 1

weight
@

230
230
230

3 STANDARD LOUDSPEAKERS

AD2300-06

2 3 A5 10kHz 20

type number

AD 2300-06
AD2300Z-06
AD2300CZ-06

F61



4 STANDARD LOUDSPEAKERS

AD1400-06

Main dimensions:

mounting diameter
outer diameter
total depth max

power-

handling

capacity
(w)

w

F62

200 300 500Hz

impedance
at 1 kc/s

Q

25

Primary applications:

AM/FM radio sets;
tape recorders; electrophones.

Specific property:

As a consequence of the raised response in the medium-
note region, the Z-version items are outstandingly suited
to obtain clear reproduction of the human voice. There-
fore, they are widely used for dictaphones.

...... 115 mm
...... 105.2 mm
...... 50 mm
2 345 10kHz 20
total
resonance magnetic
frequency flux
(c/s) (Mx)
165 9500
202 9500
202 9500

50 100

flux
density

(Q

6800
6800
6800

200 300 500Hz 1

weight
(C)]

160
160
160

2 345 10kHz 20

type number

AD1400-06
AD1400Z-06
AD1400HZ-06



4' STANDARD LOUDSPEAKERS

AD2400-06
Primary applications:
AM/FM radio sets; tape recorders; electrophones;
TV tweeters (AD2400M-06).
Specific property:
Type AD2400M/06 is particularly suitable for use as a high-
note projector (tweeter) at the front of radio- and TV-
receivers.
Main dimensions:
mounting diameter................ 115 mm
outer diameter...................... 105.2 mm
total depth max......cccoeeveennnns 62 mm
power- total
handling impedance resonance magnetic flux
. . type number
capacity at 1 kc/s frequency flux density
©) /9 Mx) © T
3 3 170 15800 8500 260 A D 2400-06
3 3 165 15800 8500 260 AD2400M-06
3 3 205 15800 8500 260 AD2400Z-06
3 60 205 15800 8500 260 AD2400KZ-06
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5 STANDARD LOUDSPEAKERS

AD1500-06

Primary application:

all kinds of radio and TV sets.

Specific properties:

See section “Introduction”, standard speakers, p. 46.

Main dimensions:

mounting diameter................ 119 mm
outer diameter......................
total depth max....

0 50 100 200 300 500Hz 1

power- | | | total
handling i impedance | resonance , magnetic flux i
capacity i at 1kc/s | frequency | flux density weight
W) @ 1 @9\ (Mx) ) ©
130 9500 6800 150
130 9500 6800 150

F64

type number

A D1500-06
AD1500X-06



5 STANDARD LOUDSPEAKERS

AD25G0-06
Primary application:
all kinds of radio and TV sets
Specific properties:
See section “Introduction”, standard speakers.
Main dimensions:
mounting diameter................ 119 mm
outer diameter.......c..coceeeeennt 121 mm
total depth maX.....c..cooeinennnen 63.5 mm
0 50 100 200 300 500Hz 1 2 345 10kHz 20 0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux weidht tvoe number
capacity at 1 kc/s frequency flux density ¢ yP
(W) (0) (c/s) (Mx) (Q (C))
3 3 130 15800 8500 250 AD2500-06
6 3 130 15800 8500 250 AD2500X-06
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5"STANDARD LOUDSPEAKERS

AD3500-06

Primary applications:

all kinds of radio and TV sets

Specific properties:

1. The 800 Q type, obtained by applying a special method
of winding the voice coil, can be used in conjunction
with a single-ended transformerless output stage.

2. High sensitivity.

3. See section “Introduction”, standard speakers p. 46.

Main dimensions:

mounting diameter.........c...c.ooo.et 119 mm
outer diameter................ooi 121 mm
total depth max.......c.cooeiiiiiiiiinn, 68 mm
0 50 100 200 300 500Hz 2 345 10kHz 20 0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux cight ¢ b
capacity at 1 kc/s frequency flux density welg ype number
m ) (cls) (Mx) ©) ©
3 5 130 28000 9500 400 AD3500-06
3 5 124 28000 9500 400 AD3500M-06
3 800 124 28000 9500 400 AD3500AM-06
6 5 130 28000 9500 400 AD3500X-06



5'STANDARD LOUDSPEAKERS

Primary applications:

equipment in which little space is available, such as tape-
recorders, car radios and gramophones.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker
magnet system owing to the small height of its annular
ferroxdure magnet.

2. The acoustic output of the class-IlIA speakers AD3514
equals that of the class-ill types AD3500-06 provided
with a TICONAL magnet.

0 b=
0 50 100 200 300 500Hz 1 2 345 10kHz 20 0
power- total
handling impedance resonance frequency magnetic
capacity at 1 kc/s frequency range flux
(W) (&) (c/s) (c/s) (Mx)
3 5 124 95-18000 28200
6 5 130 100-11000 28200
3 5 155 150-10000 28200

AD3514
Main dimensions:
mounting diameter................ 119 mm
outer diameter.......cccceeeeenennt 121 mm
total depth maX........coocivennsn 52.5 mm
I T I B S
50 100 200 300 500Hz 1 2 345 10kHz 20

flux
i type number
density weight yp!
(Q (Q
9500 445 AD3514M
9500 445 AD3514X
9500 445 AD3514Z7
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6.5 STANDARD LOUDSPEAKERS

AD1700-06

Main dimensions:

mounting diameter

outer diameter................
total depth max...............

AD 1700/06

A 50 100 200 300 500Hz

power-
handling impedance
capacity at 1 kc/s
W) @)
3 3
6 3

F68

...... 155.2
...... 61.

Primary application:
all kinds of radio and TV sets

Specific properties:

See section “Introduction”, standard speakers, p. 46.

mm
mm
4 mm

2 345 10kHz 20

resonance
frequency
(c/s)

90
110

total
magnetic

flux

(Mx)

9500
9500

0

AD 1700X/06

S*\P'

50 100 200 300 500Hz 1

flux iaht
density welg

(Q @
6800 190
6800 190

345 10kHz 20

type number

AD1700-06
AD1700X-06



6.5 STANDARD LOUDSPEAKERS

AD270G-06
Primary application:
all kinds of radio and TV sets
Specific properties:
See section “Introduction”, standard speakers, p.46.
Main dimensions:
mounting diameter................ 156 mm
outer diameter...........cooeeeene. 155.2 mm
total depth max.......c.ocoeeennen. 72.4 mm
0 50 100 200300 500Hz 1 2 345 10kHz 20
AD2700X/06
[ S [ S ——
0 50 100 200 300 500Hz 2 345 10kHz 20 0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux ioht tvbe number
capacity at 1 ke/s frequency flux density welg Y
(W) (0) m (Mx) ©) (s)
3 5 90 15200 8500 290 AD2700-06
3 5 85 15200 8500 290 AD2700M-06
6 5 110 15200 8500 290 AD2700X-06

F69



6.5 STANDARD LOUDSPEAKERS

AD3700-06

Specific properties:

1. The 800 £2 type, obtained by applying a special
method of winding the voice coil,can be used
in conjunction with asingle-ended transformer-
less output stage.

2. High sensitivity

3. See “Introduction”, standard speakers, p. 46.

Main dimensions:

mounting diam eter....
outer diameter
total depth max

power-

handling

capacity
W)

F70

impedance
at 1 kc/s
@

5
5
800
5
5

mm
..155.2 mm
77.9 mm
total
resonance magnetic flux i
frequency flux density weight
i) (Mx) «Q ©
90 28000 9500 uo
85 28000 9500 no
85 28000 9500 HO
110 28000 9500 uo
135 28000 9500 HO

type number

AD3700-06
AD3700M-06
AD3700AM-06
AD3700X-06
AD3700Z-06



Primary applications:

6.5 STANDARD LOUDSPEAKERS

equipment in which little space is available, such as tape-

recorders and magnetophones.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker mag-
net system owing to the small height of its annular

ferroxdure magnet.

2. The acoustic output of the class-IlIA speakers AD3714
equals that of the class-ill types AD3700-06, provided

with a TICONAL magnet.

0 50 100 200300 500Hz 1 2 345
power-
handling impedance resonance
capacity at 1 kc/s frequency
(W) Q) ft/sj
3 5 85
6 5 110

10kHz 20

total
magnetic

flux

(Mx)

28200
28 200

AD3714
Main dimensions:
mounting diameter................ 156 mm
outer diameter......c..coooeeennnen 155.2 mm
total depth max...........c...oeen 62.4 mm

flux ight type number
density welg yp

(Q @

9500 475 AD3714M
9500 475 AD3714X

Fr1



8 STANDARD LOUDSPEAKERS

A D2800-06

Primary applications:

all kinds of radio and TV sets

Specific properties:

See section “Introduction”, standard speakers, p. 46.

Main dimensions:

mounting diameter............... 194 mm
outer diameter.........c.coeevenaen 191.6 mm
total depth max..................... 82.8 mm
0 50 100 200 300 500Hz I 2 345 10kHz 20
power-
handling impedance resonance frequency
capacity at 1 ke/s frequency range
(w) (0) (c/3) (c/3)
6 5 75 65-11000
6 5 72 60-18000
6 5 95 70-10000

Fr2

[¢]

total
magnetic

flux

(Mx)

15 200
15200
15200

50 100 200 300 500Hz 1

flux
density

©)

8500
8500
8500

weight
@

370
370
370

2

345 10kHz 20

type number

AD 2800-06
AD2800M-06
AD2800X-06



8 STANDARD LOUDSPEAKERS

AD3800-06
Primary applications:
all kinds of radio and TV sets.
Specific properties:
1. The 800 Q type, obtained by applying a special method
of winding the voice coil, can be used in conjunction
with a single-ended transformerless output stage.
2. High sensitivity.
3. See section “Introduction”, standard speakers.
Note: In 1966 this loudspeaker will be replaced by type
AD3806, which has identical proporties.
Main dimensions:
mounting diameter................ 194 mm
outer diameter...................... 191.6 mm
total depth max.....c.cooevennnen. 88.3 mm
0 50 100 200 300 500Hz 1 2 345 10kHz 20 0 50 100 200300 500Hz 1 2 345 10kHz 20
power- total
i impedance resonance  frequenc magnetic flux
handll_ng P g y g . weight type number
capacity at 1 ke/s  frequency range flux density
(W) Q) (c/s) (c/9) (Mx) ©) (>
6 5 75 65-11000 28000 9500 520 AD3800-06
6 5 72 60-18000 28000 9500 520 AD3800M-06
6 800 72 60-18000 28000 9500 520 AD3800AM-06
6 5 95 70-10000 28000 9500 520 AD3800X-06
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8 STANDARD LOUDSPEAKERS

AD3814

Primary applications:

AM/FM receivers;
equipment in which little space is available, such as tape-
recorders and magnetophones.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker mag-
net system owing to the small height of its annular
ferroxdure magnet.

2. The acoustic output of the class-IlIA speakers AD3814
equals that of the class-ill types AD3800-06 provided
with a TICONAL magnet.

Main dimensions:

mounting diameter............... 194 mm
outer diameter...................... 191.6 mm
total depth maxX........c..cooeeeene 72.8 mm
50
dB
40
30
20
1c
0
power- total
handling impedance resonance magnetic flux . b
capacity at 1 kc/s frequency flux density weight type number
W) Q) (c/s) (Mx) G) @
6 5 72 28200 9500 535 AD3814M
6 5 95 28200 9500 535 AD3814X

Fra



3'"x 8 STANDARD LOUDSPEAKERS

AD3386RX
Primary applications:
TV sets; portable radios;
tape recorders.
Specific properties:
1. Stretched oval speakers of the class-ill type.
2. Extremely good acoustic performance notwithstanding
its asymmetry.
Main dimensions:
mounting diameter . . . . 184 x 62 mm
outer diameter................ 205 x 82 mm
total depth maxX......coceveveenenns 67.5 mm
0 50 100 200300 500Hz 1 2 3AS5 10kHz 20
power- total
handling impedance resonance  frequency magnetic flu>_< weight type number
capacity at 1 ke/s frequency range flux density
(W) (0) (c/s) (c/s) (Mx) ©) @
3 5 130 120-12000 28000 9500 450 AD3386RX
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U'"x 6 STANDARD LOUDSPEAKERS

AD2460-06

Primary applications:

small radio sets; electrophones;
tape recorders.

Specific properties:

See section “Introduction”, standard speakers, p. 46.

Main dimensions:

mounting diameter . . . 117.5 X 92 mm
outer diameter............. 155 X 103 mm
total depth max 62,8 mm
0 50 100 200 300 500Hz 1 2 345 10kHz 20 0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handling impedance resonance magnetic flux i b
capacity at 1 kc/s frequency flux density weight type number
w) ©) ©/s) (Mx) Q @
3 5 130 15200 8500 290 AD 2460-06
3 5 124 15200 8500 290 AD2460M-06
6 5 130 15200 8500 290 AD2460X-06
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Primary applications:

small radio sets; electrophones;
tape recorders.

power-
handling impedance resonance
capacity at 1 kc/s frequency

(w) Q) (c’9)

3 5 130

3 5 124

6 5 130

3 5 155

V x 6 STANDARD LOUDSPEAKERS

total
magnetic

flux

(Mx)

28000
28000
28000
28000

AD3460-06

Specific properties:

1. High sensitivity;
2. See section
speakers, p. 46.

Main dimensions:

“Introduction”, standard

mounting diameter . 117.5 x 92 mm
outer diameter............. 155 x 103 mm
total depth max......ccccvveieennnne 68.3 mm

flux ight type number
density welg yp

©) @

9500 440 A D 3460-06
9500 440 AD3460M-06
9500 440 AD3460X-06
9500 440 AD3460Z-06

Fr7



4"x 6 STANDARD LOUDSPEAKERS

AD3464

Primary applications:

equipment in which little space is available, such as tape-
recorders, magnetophones and car radios.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker mag-
net system owing to the small height of its annular
ferroxdure magnet.

2. The acoustic output of the class-111A speakers AD3464
equals that of the class-ill types AD3460-06 provided
with a TICONAL magnet.

Main dimensions:

mounting diameter . . . 117.5 X 92 mm
outer diameter............. 155 x 103 mm
total depth maX........ccoeeevenaen 52.8 mm

0 50 100 200 300 500Hz 1 2 345 10kHz 20

power- total
handling impedance resonance frequency magnetic flux i
capacity at 1 kc/s frequency range flux density weight type number
(w) Q) (c/s) (/) (Mx) ©) @
3 5 124 105-18000 28200 9500 480 AD3464M
6 5 130 110-11000 28200 9500 480 AD3464X
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Primary application:

all kinds of radio and TV sets.

Specific properties:

See section “Introduction”, standard speakers, p. 46.

power-

handling

capacity
(W)

impedance
at 1 kc/s

(SP)

[$3]

resonance
frequency

(e/s)

90
90
110

5 x 7 STANDARD LOUDSPEAKERS

AD2570-06

Main dimensions:

mounting diameter . . . . 110 x 110 mm
outer diameter................ 183 x 133 mm

total depth max...........c......... 72.8 mm
0— —— ==== — |} F=—= —mmm —— mmmmmme— —mem
0 50 100 200 300 500Hz I 2 345 10kHz 20
total
magnetic flux iaht tvoe number
flux density welg yp
(Mx) ©) ©
15 200 8500 320 AD2570-06
15 200 8500 320 AD2570M-06
15 200 8500 320 AD2570X-06



5 x 7 STANDARD LOUDSPEAKERS

AD3570-06

Primary application:

all kinds of radio and TV sets.

Specific properties:

1. Oval class-ill types designed for use in those cases where
the available space prohibits the accommodation of
round class-ill speakers AD3700.

2. High acoustic output owing to the powerful TICONAL

magnet.
Main dimensions:
mounting diameter . . . . 110 x 110 mm
outer diameter................ 183 x 133 mm
total depth maxX......cccoeeveennnns 78.3 mm
power- total
handling impedance resonance magnetic flux iah type number
capacity at 1 kc/s frequency flux density weight ype nu
(W) (0) (c/s) (Mx) (Q @
3 5 90 28000 9500 470 AD3570-06
3 5 90 28000 9500 470 AD3570M-06
6 5 110 28000 9500 470 AD3570X-06
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5 x TSTANDARD LOUDSPEAKERS

Primary applications:

radio and TV sets;

equipment in which little space is available, such as tape-
recorders and magnetophones.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker mag-
net system owing to the small height of its annular
ferroxdure magnet.

2. The acoustic output of the class-IlIA speakers AD3574
equals that of the class-ill types AD3570-06 provided
with a TICONAL magnet.

0 50 100 200 300 500Hz 1 10kHz 20 0 50 100 200 300 500Hz 1
power- | | | total
handling \ impedance | resonance magnetic \ flux cight
capacity | at 1kc/s | frequency flux j density welg
(W) Q) I (s v (Mx) 1 © (9)
90 28200 9500 520
110 28200 9500 520

Main dimensions:

mounting diameter .
outer diameter............
total depth max...........

AD3574

. 110 x110 mm

183 x 133 mm
62.8 mm

345 10kHz 20

type number

AD3574M
AD3574X
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6 x 9 STANDARD LOUDSPEAKERS

A D 2690-06

Primary applications:

AM/FM and TV sets;
radiogramophones.

Specific properties:

See section "Introduction”, standard speakers, p. 66.

Main dimensions:

mounting diameter . . 166.7 X 117.5 mm
outer diameter. . . . 233.6 X 160.6 mm
total depth maX........c.oceoieennen 82.8 mm
0 50 100 200 300 500Hz 1 2 345 10kHz 20
power- total
handling impedance resonance  frequency magnetic
capacity at 1 kc/s  frequency range flux
(W) (0) (c/s) (c/s) (Mx)
6 5 7 65-18000 15200
6 5 100 90- 9000 15200
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flux
density

(Q

8500
8500

weight
©)

375
375

type number

AD2690M-06
AD2690X-06



6'x 9 STANDARD LOUDSPEAKERS

Primary applications:

AM/FM and TV sets; radiogramophones.

Specific properties:

1. The 800 O type, obtained by applying a special method
of winding the voice coil, can be used in conjunction
with a single-ended transformerless output stage.

2. High sensitivity.

3. See section “Introduction”, standard speakers, p. Ub.

0 50 toO 200300 500Hz ) 2 345 10kHz 20

power- total

handling impedance resonance  frequency magnetic

capacity at 1 ke/s  frequency range flux

(W) Q) (c/s) (t/5) (Mx)

6 5 80 70-11 000 28000
6 5 77 65-18000 28000
6 800 77 65-18000 28000
6 5 100 90- 9000 28000

T *4 v

Main dimensions:

mounting diameter .

outer diameter.

total depth max........

flux

density weight
(Q @
9500 525
9500 525
9500 525
9500 525

AD3690-06

166.7 x 117.5 mm
233.6 x 160.6 mm
88.3 mm

type number

A D 3690-06
AD3690M-06
AD3690AM-06
AD3690X-06
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6' X9 STANDARD LOUDSPEAKERS

AD3694

Main dimensions:

mounting diameter .
outer diameter.

total depth max

power-

handling

capacity
(W)

Fg4

impedance
at 1 kc/s
Q)

Primary application:

equipment in which little space is available, such as tape-
recorders magnetophones and carradios.

Specific properties:

1. Flat but, nevertheless, very sensitive loudspeaker mag-
net system owing to the small height of its annular
ferroxdure magnet.

2. The acoustic output of the class-1lIA speakers AD3694
equals that of the class-ill types AD3690-06 provided
with aTICONAL magnet.

166.7 X 117.5 mm
233.6 X 160.6 mm

...... 72.8 mm
total
resonance magnetic flux iah tvoe number
frequency flux density weight ype nu
(/s) (Mx) ©) ©
80 28200 9500 565 AD3694M
100 28200 9500 565 AD3694X



6.5 SPECIAL LOUDSPEAKERS

AD3701
Primary application:
small closed cabinets for monophonic and stereophonic
reproduction (see page F95).
Specific properties:
1. Hi-Fi reproduction over a very wide frequency range
owing to the use of a special double cone which has a
very low resonance frequency and reproduces even the
highest tones so as to ensure a true timbre.
2. Great power-handling capacity when placed in a closed
cabinet having a volume of about 25 litres.
3. Very high sensitivity owing to the use of a large annular
ferroxdure magnet.
Main dimensions:
mounting diameter................... 156 mm
outer diameter......................... 155.2 mm
total depth maX.......cooeeeiiinen. 67 mm
0 50 100 ZOO 300 500Hz 1
power- total
handling 1 impedance resonance \ magnetic flux cight tvoe number
capacity at 1 kc/s frequency flux density welg o
(w) ()] (/) N (Mx) (Q 1 (9)
10 5 55 42600 9500 525 AD3701M
10 800 55 42600 9500 525 AD3701 AM
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6.5 SPECIAL LOUDSPEAKERS

AD3721

Main dimensions:

mounting diameter
outer diameter
total depth max

power-

handling

capacity
(W)

F86

impedance
at 1 kc/s

Q)

resonance
frequency
m

110

Primary application

equipment in which little space is available, such as tape-
recorders and electrophones.

Specific properties:

1. These wafer types have a space-saving shape and a small
mounting depth.

2. High acoustic efficiency nothwithstanding the small
mounting depth owing ro the sensitive flat ferroxdure
magnet.

3. Flat wafer design

~0 50 100 200 300 500Hz 1 2 345 10kHz 20
total

magnetic flux iah b
flux density weight type number
(Mx) ©) ©

28200 9500 500 AD3721



6.5 SPECIAL LOUDSPEAKERS

AD3725

Primary application:
TV sets.
Specific properties:
1. These speakers (otherwise identical to type AD3721)

are equipped with a leakage-compensation assembly

composed of a screening bracket and two compensa-

tion magnets, which almost completely neutralise the

leakage field of the loudspeaker magnet. In view of the

compactness of TV receivers this is of paramount im-

portance to prevent the speakers - close to the picture

tube - from affecting the image quality.
2. Flat wafer design, greatly facilitating accommodation of

these speakers in TV sets.
3. The sensitive flat ferroxdure magnet ensures a high

efficiency. Main dimensions:

mounting diameter................ 156 mm

outer diameter........
total depth max

power- | total
handling : impedance resonance | magnetic flux .
capacity at 1 kc/s frequency flux density weight type number
W)y v Q@ (els) v (Mx) (G) (9)
5 110 23200 9500 530 AD3725
800 110 28200 9500 530 AD3725A-02
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6.5 SPECIAL LOUDSPEAKERS

AD3729

Main dimensions:

mounting diameter
outer diameter
total depth max

power-
handling
capacity

F83

(W)

impedance
at 1 kc/s
Q)

800

Primary application:

TV sets.

Specific properties:
1. Small mounting depth as a result of the inverted con-
struction.

2. High sensitivity (class Ill) owing to the use ofaTICONAL
GG magnet.

3. Absence of a stray field, an essential condition to ob-
viate any influence on the picture tube.

4. The M-version speakers have a wide frequency range.

When the speakers, which are supplied in a plastic envelope, are
built in, the front must be covered with a piece of muslin so as to
prevent dust from entering the air gap.

....... 156 mm
....... 155 mm
....... 46.9 mm
0 50 100 200 300 500Hz | 2 345 10kHz 20
total
resonance magnetic flux . iaht b
frequency j flux | density Iweig type number
(c/s) | (Mx) Q) (9)
80 18900 7000 250 AD3729RM
80 18900 7000 250 AD3729AM
100 18900 7000 250 AD3729RX



12 SPECIAL

Primary applications:

juke boxes;
acoustic boxes for musical installations.

Specific properties:

1. New type of inexpensive speaker with a reasonably
good efficiency, well suitable for those installations
where both cost and quality are factors of importance.

2. The M-version is suited to stereo reproduction be-
cause of its wide frequency range.

LOUDSPEAKERS

Main dimensions:

mounting diameter
outer diameter
total depth max

power- total

handling impedance resonance frequency magnetic flux

capacity  at 1 kc/s frequency ! range flux density
(W) (0) (c/s) (c/s) (Mx) (Q
10 5 45 40- 7000 42600 9500
10 5 45 40-18000 42600 9500

weight
(s)

850
850

AD4201

294 mm
......... 314.3 mm
122.7 mm

type number

AD4201
AD4201 M
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8 HIGH-QUALITY LOUDSPEAKERS

AD4800

Primary applications:

Hi-

Fi and stereo equipment;

type AD4800 is suitable for low-note reproduction, such
as required for acoustic and bass-reflex boxes, and for low
and medium note reproduction in cross-over networks.

Specific properties:

1.
2
3
Main dimensions:
mounting diameter................ 194 mm
outer diameter...................... 205.6 mm
total depth max..................... 118.3 mm
power-
handling impedance resonance frequency
capacity at 1 kc/s frequency range
(W) (0) (c/3) (c/s)
6 5 60 55-10000
6 5 60 55-18000

F90

When these speakers are placed in an acoustic box or

any other enclosure,

their sensitivity and

response

qualities result in an almost constant sound pressure

over the entire audible frequency range.

. Optimum sound volume.

. Practically undistorted sound reproduction.

0 50 100 200 300 500Hz 1 2 345 10kHz 20
total
magnetic flux .
weight e number
flux density g e
(Mx) (Q (kg)
58300 13000 15 AD4800
58300 13000 15 AD4800M



85" HIGH-QUALITY LOUDSPEAKERS

9710-01
Primary application:
Hi-Fi equipment.
Specific properties:
1. Eminently suitable for use in all kindsof Hi-Fi equipment
owing to their outstanding reproduction of world-wide
fame.
2. Particularly large air gap, resulting in the voice coil
being completely enclosed by a uniform magnetic field
even at the largest amplitudes. No distortion will thus
be experienced due to the coil amplitude being dis-
proportional to the current.
3. Constant voice-coil impedance throughout the entire
frequency range, so that the output stage always has a
perfectly matched load.
6. Very smooth response curves owing to the improved i . .
cone design Main dimensions:
5. Clear bass response without boom effects, because of mountir_lg diameter . . . 203.2 mm
the mechanical damping at low frequencies. outer diameter............. 216.5 mm
total depth max............ 111.6 mm
power- total
handling [impedance resonance  frequency magnetic flux | ight
capacity at 1 ke/s frequency range flux density welg type number
(W) (0) (c/s) (c/9) (Mx) (Q (kg)
10 7 50 60-10000 97600 8000 1.8 9710-01
10 7 50 60-19000 97600 8000 1.8 9710M-01
10 800 50 60-19000 97600 8000 1.8 9710AM-01

Fo1



10 HIGH-QUALITY LOUDSPEAKERS

AD4000

Main dimensions:

mounting diameter .
outer diameter

total depth max............

0 50 100 200 300 500Hz 1

power-
handling impedance resonance
capacity at 1 kefs frequency
(W) (0) (c/3)
10 7 50
10 7 50
10 800 50

F92

Primary applications:

Hi-Fi and stereo equipment;
radiograph consoles.

Specific properties:

1.

261.3 mm

Outstanding quality of reproduction, rendering these
types suitable for use in all kinds of Hi-Fi equipment.

Particularly large air gap, resulting in the voice coil
being completely enclosed by a uniform magnetic field
even at the largest amplitudes. No distortion will thus
be experienced due to the coil amplitude being dis-
proportional to the current.

. Constant voice-coil impedance throughout the entire

frequency range, so that the output stage always has a
perfectly matched load.

4. Very smooth response curves owing to the improved
cone design.
mm 5. Clear bass response without boom effects, because of
the mechanical damping at low frequencies.
45 10kHz 20 0 50 100 200 300 500Hz 1 2 345 10kHz 20
total
frequency magnetic flux ight t b
range flux density welg ype number
(c/s) (Mx) (Q (kg)
45- 7000 98000 8000 1.77 AD4000
45-18000 98000 8000 1.77 AD4000OM
45-18000 98000 8000 1.77 AD4000AM



12 HIGH-QUALITY LOUDSPEAKERS

Primary application:

Hi-Fi installations.

Specific properties:

1.
2.

High power-handling capacity.

Particularly large air gap, resulting in the voice coil
being completely enclosed by a uniform magnetic field
even at the largest amplitudes. No distortion will thus
be experienced due to the coil amplitude being dis-
proportional to the current.

. Constant voice-coil impedance throughout the entire
frequency range, so that the output stage always has a
perfectly matched load.

. Very smooth response curves owing to the improved
cone design.

. Clear bass response without boom effects, because of
the mechanical damping at low frequencies.

. The acoustic output of types AD4200 is 3 dB lower than
that of types AD5200.
power- total

handling impedance j resonance  frequency magnetic
capacity at 1 kc/s \ frequency range flux
m () L (els) (c/s) (Mx)

20 7 45 40- 7000 98000
20 7 45 35-17000 98000
20 800 45 35-17000 98000

Main dimensions:

mounting diameter .
outer diameter......
total depth max.....

flux ight
density welg

(Q (kg)
8000 1.8
8000 1.8
8000 1.8

AD4200

. 294 mm

....... 314.3 mm
....... 155.6 mm

type number

AD4200
AD4200M
AD4200AM
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12 HIGH-QUALITY LOUDSPEAKERS

AD5200

Primary application:

Hi-

Fi installations.

Specific properties:

1.

> > 2.

3

4

o . 5

Main dimensions:

mounting diameter . . 294 mm 6
outer diameter. . 314.3 mm
total depth max. . . 165.6 mm

power-
handling {impedance : resonance  frequer.cy
capacity at 1 kc/s  frequency 1 range
w) Q) (c/s) (c/s)
20 7 45 40- 7000
20 7 45 35-17000
20 800 45 35-17000

F94

High power-handling capacity.

Particularly large air gap, resulting in the voice coil
being completely enclosed by a uniform magnetic field
even at the largest amplitudes. No distortion will thus
be experienced due to the coil amplitude being dis-
proportional to the current.

Constant voice-coil impedance throughout the entire
frequency range, so that the output stage always has a
perfectly matched load.

. Very smooth response curves owing to the improved

cone design.

. Clear bass response without boom effects, because of

the mechanical damping at low frequencies.

types AD4200 by 3 dB.

thanks to the use of avery powerful TICONAL magnet.

total
magnetic flux .
flux density weight type number
(Mx) Q (kg)
134,000 11000 3.5 AD5200
134000 11000 3.5 ADS200M
134000 11000 3.5 AD5200AM



APPLICATION OF TYPE AD3701M

ALL-ROUND ACOUSTIC BOX WITH SOUND REFLECTOR

Technical data

The all-round acoustic box is supplied in two styles, suitable
for any interior: in smart pearl grey imitation leather, and
elegant beech veneer.

Frequency range . . . 60-18000 c/s

Bass-resonance . . . . 70 c/s

Power-handling

capacity of the

loudspeaker............. 10 W without audible
distortion if mounted in aclosed
cabinet having a volume of
approx. 25 litres

Type numbers:

AD5043/S (3-8Q). . . in pearl grey imitation leather
AD5043/M (3-8,6) . . in beech veneer

The only tool you need

In order to avoid damage to the various components, the
all-round acoustic box is supplied only partially assembled.
Assembly is very simple. Clear instructions are enclosed.
You can assemble a complete, ready-to-use all-round
acoustic box in a few minutes without any special tools.
All you need is ascrewdriver to fix the seventeen supplied
screws into pre-drilled holes.
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WOOFER LOUDSPEAKER

AD5201

Notwithstanding the design of the AD5201 being based on the normal electrodynamical principle, a
number of striking features make it unique in its kind. The use of new materials and techniques
allowed the development of a Hi-Fi speaker which, in conjunction with high and medium-note speakers
and housed in an acoustically adequate enclosure, will be found a major contribution towards natural

sound reproduction.
Because of its specific design and characteristics, this speaker is a solitary in our programme.

power- total
handling impedance resonance frequency magnetic flux iah
capacity at 1 kc/s frequency range flux density weight
W) Q) (c/s) (c/s) (Mx) G) (kg)
|
25 8 26 25-1000 134000 9300 3.5
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QUARTZ-CRYSTAL UNITS

The AT crystals in HC-6/U and HC-18/U holders mentioned in the tables satisfy the requirements of
the military specification MIL-C-3098B.

The crystals in all-glass holders HC-27/U satisfy MIL-C-3098C.

They have the following outstanding properties:

a. reduced liability to aging effects;

b. close frequency tolerances at the nominal temperature can be achieved;
c. lower series resistance, thanks to the crystal’s working in vacuum.

When applying for quotation or when ordering, please state:

fundamental
1. nominal frequency ...kc/s, mode of vibration: third
fifth
2. a. frequency tolerance ... X 10~6,0r
b. adjustment tolerance ... X 10-\ and
frequency drift ... X 10~6.

3. temperature range.

U. a. parallel resonance, capacitance parallel to unit:...pF, or
b. anti-resonance, capacitance in series to unit:...pF, or
c. series resonance.

5. type of holder.

For non-listed types, please apply in the same manner and submit oscillator circuit with description.
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QUARTZ-CRYSTAL UNITS

HOLDERS FOR QUARTZ CRYSTAL UNITS (preferred types)

Metal
max. 25.5
r 1004"
Metal Metal
max.11.05
*0.434"*
max. 10.2
*0.402"
jo
®
1
, min 0.40*10.016")
mox 0X5* 10.019")
4.9~0.2
H-2 HC-6/U HC-18/U
Metal All-glass All-glass
max 11.05 max.11.05
125'10.06
HC-25/U HC-26/U HC-27/U

Fo8



crystal cut
XY

NT

DT

CT

HT

AT
(pressure mount)

AT
(metal-plated,
fundamental)

AT
(metal-plated,
3rd overtone)

AT
(metal-plated,
5th overtone)

frequency

range

9- 13

34- 80

60-180

80-180

80-120
120-180
100-180
180-250
180-190
190-250
180-250
200-500

250-550
250-280
280-550
250-550
300-550

550-850
550-800
800-850
680-850

1.6- 5

1.8- 20
7- 20
2.4- 20

10- 61
17- 61
10- 61

20- 61
50- 87
50- 87
50- 87

preferred holders in bold print

ke/s

ke/s

ke/s
ke/s
ke/s
ke/s
ke/s
ke/s
ke/s
ke/s
ke/s
ke/s

ke/s
ke/s
ke/s
ke/s
ke/s

ke/s
ke/s
ke/s
ke/s

Mc/s

Mc/s
Mc/s
Mc/s

Mc/s
Mc/s
Mc/s

Mc/s
Mc/s
Mc/s
Mc/s

QUARTZ-CRYSTAL UNITS

TYPES FOR GENERAL APPLICATIONS

holder
glas - noval B9A, height 72 mm
glass - noval B9A, height 72 mm

glass - noval B9A, height 72 mm
- noval B9A, height 61 mm
miniature B7G, height 61 mm
miniature B7G, height 48 mm
metal - H1, H2
glas - noval B9A, height 61 mm
miniature B7G, height 61 mm
miniature B7G, height 48 mm
metal - H1, H2
metal - HC-6U/, HC-17 U

glass - noval B9A, height 61 mm
miniature B7G, height 61 mm
miniature B7G, height 48 mm

metal - H1, H2

metal - HC-6/U, HC-17/U

glass - noval B9A, height 61 mm
miniature B7G, height 61 mm
miniature B7G, height 48 mm

metal - H1, H2

metal - H1, H2

metal - H1, H2, HC-6/U, (HC-17/U)
metal - HC-18/U, HC25/U
all-glass-HC-27/U

metal - HC-6/U, (HC-17/U)
metal - HC-18/U, HC25/U
all-glass-HC-27U

all-glass-H C-26/U

metal - HC-6/U, (HC-17/U)
metal - HC-18/U, HC25/U
all-glass - HC-27/U

sheet

number

EP 4801
EP 4802

EP 4803

EP 4804
EP 4805

EP 4806
EP 4807
EP 4808
EP 4809
EP 4810

EP 4811

EP 4812

EP 4813

EP 4814
EP 4818
EP 4819

EP 4820
EP 4821
EP 4823

EP4823
EP 4826
EP 4827

| EP 4828

(©)

A
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QUARTZ-CRYSTAL UNITS

TYPES FOR FREQUENCY STABILIZATION

Frequency < 1Mc/s

crystal cut
Holder wr
Xy DT. cT HT
HC-6/U | 'EPA-807 "\
HC-17/U
-EP4B06 A j-—1 EP4812
H1, H2 \EP4804\* ) EP4809~1
height 61 mm EP4803-F ~ 1 0 S ! EPAenffizft
B7G EP4805 EP4808 \ \ EP4811
height 48 mm EP4BO3W 773
R EP4805 » - -
. Z2%EP4801 NgP44ao0 20 1
height 72 mm
B9A PP46Cy~"
height 61 mm . EP4805 ; _ EP4811.
Z4P4B0z/Ay/ZZ/Ep4d08.AZKAZY\
34 60 80 100 180 200 280 500 550 680 850
120 190 250300 800
— * kec/s
Frequency > 1Mc/s
Holder
*
i
H1, H2 pressure mount o777 eph6iY///A
] 1
H1, H2 \22222//2/2ZM Zm 22222222ZM
HC-6/U vr. ~7::z:. z \ .
_ | V//////7//APHB20///////A
HC-17/V EPH826)
1 | |
HC-18/U 1 Y//EPOW /A
} YZZZZ/Eph bzZZZZZA
RC-25/7U \EPP827a
HC-26/U4 VtentativeZ/A
v//////sEPwr//////7/7A AN
HC-27/U | | \////777/ZPH623Z2//7//A
IEPH826
1613 2.4 710 17 20 50 61 87 Mc/s

Preferred holders in bold print

*) fundamental; 2) 3rd overtone; 3) 5th overtone; 4) For data see EP 4823A
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QUARTZ-CRYSTAL UNITS

TYPES FOR SPECIAL APPLICATIONS

crystal sheet

application holder frequency cut number

steering of models HC-6/U 27.125 Mc/s1 AT EP4820
total tolerance +1000 X 10~6
series resonance
40.68 Mc/sl
total tolerance +500 X 10~6
series resonance
13.56 Mc/sl
total tolerance +500 X 1C-6 EP4814
C,, = 30 pF

SSB systems or secondary HC-27/U 10 Mc/s4 AT EP4825
standards 3n overtone

total tolerance +5 X 10~6

Cp = 75 pF

series resistance 40 D

(—40 °C to £75 °C)

measuring equipment HC-6/U 4.5 Mc/s2; 5.5 Mc/s2 AT EP4814
6.75 Mc/s2; 10.7 Mc/s2
total tolerance £+100 X 10~6
Cp = 30 pF

decade counting unit type B9A 10 kc/s3 XY EP4801
88929/09.1 total tolerance +100 X 10~6
series resistance max. 15000

measuring and telecommunica- B9A 100 ke/s1 X EP4803
tion equipment total tolerance £100 X 10-~6

Cp = 75 pF

series resistance > 10008

Temperature range: ‘) 0 --——-- (-60 °C; !) — 20 — +70°C; 3 +10 --——-]-70°C; <) +69°C to 71 °C.
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AD90.. series - AUDIO TRANSFORMERS

FOR PUSH-PULL CIRCUITS WITH TUBES

type number

primary impedance . . . . L <)
secondary impedance . . .(0
POW T it - (W)
efficiency at 400 c/s . L (%>
transformation ratio . . . .

primary inductance . . . . 1 -(H)
DC bias magnetization . . (mA)
primary resistance . . (a)

frequency response betweén-SdB poin-ts (.c/s)
{reference 1 kc/s)
distortion is 1% at . m (c/9)

F102

AD 9030/03

9,000
7-14

15

90

36-25

28

5

350
20-60,000

60
2 X EL84

2 x ucLs2
2 x ECL82

AD 9032

6,600
7-14

15

88

30-22

28

5

335
20-60,000

60

2 x EL84

AD 9047

6,600
7-14

35

86

31-22

70

5

180
10-60,000

30

2 x EL34

AD 9058

9,000
7-14
15

67

5

320
10-100,000

2 x ECL86
2 x EL84

AD9030/03

AD9032



type number

primary impedance )
secondary impedance < (fj)
power . . . . (W)
efficiency at 400 c/s (%)
transformation ratio
primary inductance (H)
DC bias magnetiza-

tion . . . . (mA)
primary resistance (fi)
frequency response

between -3dB

points (c/s)

(reference 1 kc/s)
distortion is 1% at  (c/s)

AUDIO TRANSFORMERS - AD90.. series

FOR PUSH-PULL CIRCUITS WITH TRANSISTORS

AD 9054
AD 9015 AD 9049 AD 9051
Vs =7V | Vs= 14V
360 52 98 7 1 41
3 3 3 3-5
0.2 0.3 0.75 8
85 85 80 70
11 4.2 5.7 1.6-1.25 j 3.65-2.85
0.6 0.3 0.48 0.2
16 2.6 9.5 2.13
45-35,000 50-10,000 50-10,000 10-10,000
160 90
2x 0C72 2x 0C74 2x 0C74 2x 0C26
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AD90 series - AUDIO TRANSFORMERS

FOR SINGLE-ENDED CIRCUITS WITH TUBE OR TRANSISTOR

type number AD 9008
primary impedance - (0) 5,400
secondary impedance . < (-0) 3-5
POW EF ieiiiiaanincnans (W) 3
efficiency at 400 c/s - (%) 75
extra windings:
anti-hum . . (% of Nprim) 10
feed-back . (% or Nsec) -
transformation ratio . 45-34
primary inductance . (H) 10
DC bias magnetization (mA) 36
primary resistance. - (-0) 550

frequency response
between -3dB points «(c/s) 50-10,000
(reference 1 kc/s)

distortion is 1% at 1(c/s) 60

ECL 82
ucL82
EL 84

7244628
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AD 9018

2,400
3-5
6

75

2.3
74
31-22
6.5
70
320

45-10,000

55
UL 84

AD 9020 AD

5,400
3-5
6

76

112
46-33
10

40
540

40-20,000 60-1

65

ECL 82
UcCL82
EL 84

AD 90S6

9022

2,400
3-5
3

82

7
29-22
2.5

65
200

5,000

75
UL 84

AD 9056

8
3-5
2
80

1.67-1.3
0.019
570

0.75

10-6,000

70
OC 26

AD 9057

7000
3-5
3

10,5
36
495

10-100,000

ECL 86



AUDIO TRANSFORMERS - AD90.. series

FOR DRIVER-CIRCUITS WITH TRANSISTOR(S)

type number AD 9014 AD 9043 AD 9050 AD 9053 AD 9055
efficiency at 400 c/s - (%) 70 70 IS 95 95
transformation ratio 1 0.65 1.15 1.24 6.45
primary inductance - (H) 10 11 3.4 0.44 1.6
DC bias magnetization (mA) 1 4.5 4 5 15
primary resistance. - (0) 400 106 123 4 60
frequency response between
-3dB points . . . . ) 20-40,000 50-10,000 50-10,000 10-60,000 10-10,000
(reference 1 kc/s)
distortion 1% at =(c/s) 70 - - - -
oc7nl OC71 or oC 79 ocC 72
OoC 75
2x 0C 72 2x 0C 74 2x0C 26 OoC 26
AD 9053 AD 9055
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AD9O0.. series - MAINS TRANSFORMERS

AD 9026

No-load current: max. 130 mA
No-load losses: max. 7.5 W

AD 9028

No-load current: max. 120 mA
No-load losses: max. 7 W

F106

:65mA

>UA

AD 9027

No-load current: max. 90 mA
No-load losses: max. 6 W

AD 9029

No-load current: max. 175 mA
No-load losses: max. 10 W



VARIABLE TRANSFORMERS - E401 series

GENERAL

These transformers have been designed for controlling line voltages.

The output can be varied from zero to approximately 15% above the line voltage.

They consist of atoroidal coil wound on a laminated annular core. The insulation of each turn is partly
stripped to form a contact track for the slider. The coil has up to three taps: one at each end at 18%,

of the total turns and one centre tap.
The slider contact can be easily removed.

General Data:
Rated input voltage..

FrEQUENCY  weeeieie et
Rated current.......oooooiiiiii
Angle of rotation ..o
Ambient temperature........c.cooiiiiiiiiiiiiiiinn.

Rise of coil temperature at max. load

Insulation between frame and coil (after climatic
test: 21 days at 40 °C, 90 to 95% r.h. IEC 68-C)
High voltage test (1 minute).....cooeiieieiinienen
Air gap between hot and cold parts...............

Leakage path between hot and cold parts

Operational life ...,

Shock test, worst case mounting position

Vibration test (24 hOUTIS) . cciiiiiiiiiiiiiiieieens

130, 220 and 240 Vac +5 %
50.. .400 c/s

1-90A

approx. 320°

-20 to +40 °C

< 55 °C average

A5MQ

2000 Vrms

)> 4 mm

A5 mm

> 250000 complete turns
1500 falls from 25 mm

0 5 mm amplitude, 50 c/s
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E401 series - VARIABLE TRANSFORMERS

SURVEY OF STANDARD RANGE

panel models

with knob without knob
B model K model

E401 BA/023 E401 KA/023
045 045

090 090

B/010 B/010

020 020

040 040

080 080

200 200

E/010 E/010

020 020

040 040

080 080

200 200

Composition of type number

bench models

with knob

A model

E401AA/023
045
090

B/010
020
040
080
200

E/010
020
040
080
200

without knob

C model

E401CA/023
045
090

B/010
020
040
080
200

E/010
020
040
080
200

laboratory models

with binding
posts
G model

E401GA/090

B/040
080

C/040
080

1Panel models (B and K models) are designed for the current indicated in parenthesis.
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with earthed
output socket
H model

E401H B/010
020
040
080

input



1-10A - VARIABLE TRANSFORMERS - E401 series

PANEL MODELS

Panel model B with knob

Panel model K without knob

Type: Dimensions:
FA01BJ . £401K./. .. H D A d d da t b K L
A/023 B/010 E/010 110 106 63 93 56 67 M4 71 21 153
045 020 020 112 127 74 110 56 67 M4 71 21 153
090 040 040 117 158 92 140 106 93 M6 84 24 157

080 080 120 185 106 168 106 93 M6 84 24 157

The standard spindle with knob is 139 mm long
Any spindle length of 8 mm diameter (fit h9) can be used
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E401 series - VARIABLE TRANSFORMERS - 1-10A

BENCH MODELS

D
H00DOO*
3-))
H
3
Bench model A with knob and resilient pads
Bench model C without knob and pads
Type | Dimensions
E401A./. ...E40IC./.. H D A 2 b K
A/023 B/010 E/010 122 113 79 99 77 21
045 020 020 123 134 93 100 77 21
090 040 040 131 166 117 106 92 24
080 080 133 193 134 106 92 24

The resilient pads protrude approximately 5 mm. The spindle can be set to protrude up to approxim-
ately 30 mm above the cover.
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1-10A-VARIABLE TRANSFORMERS - E401 series

LABORATORY MODELS

Laboratory model H with
earthed socket and secundary fuse

Laboratory model G
with binding posts
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20A-E401 series - VARIABLE TRANSFORMERS

PANEL MODELS

Panel model E401 B./200 with knob
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20A-VARIABLE TRANSFORMERS - E401 series

BENCH MODELS

Bench model A with knob and feet

gh9

TZUBQ

Bench model A with knob and feet
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E401 series - VARIABLE TRANSFORMERS

STACKING SETS

Three bench models 220V/20A  (B/200 types) Three panel models 220V/8.5A
stacked and paralleled, using 2 chokes. (B/080 types) stacked for 3 phase Y-operation

Stacking set B8 709 63

F1U



transformer
types

E401 A/203
045

B/010

020

E/010

020

E401 A/090
B/040

080

E/040

080

E401 A/090
B/080
E/080

E401 A/200
B/200

number of
transformers
stacked

2 in series (or
3-phase open zl)

3 in 3-phase Y

2 in series (or

3-phase open A)

3 in 3-phase Y

2 in parallel

3 in parallel

2 in series (or
3-phase open A)

3 in 3-phase Y

2 in parallel

3 in parallel

= PR PR e Y
X X X x X X X X X

xX X

[y
x

T
X X X X

N~ NP

VARIABLE TRANSFORMERS - E401 series

bench
modell

A+ 1 x C models
B8 709 72 stacking set

A + 2 x C models
B8 709 62 stacking set

x A + 1 x C models

X X X X

B8 709 66 stacking set

A + 2 x C models
B8 709 64 stacking set

A + 1 x C models
B8 709 66 stacking set
B8 709 69 cover

B8 709 71 choke

A + 2 x C models
B8 709 64 stacking set
B8 709 68 cover

B8 709 70 choke

B8 709 71 choke

A + 1 x C models
B8 709 60/06 stacking set
B8 709 60/03 cover

A + 2 x C models
B8 709 60/06 stacking set
B8 709 60/04 cover

A + 1 x C models
B8 709 60/06 stacking set
B8 709 60/03 cover
B8 709 60/02 choke

A + 2 x C models
B8 709 60/06 stacking set
B8 709 60/04 cover
B8 709 60/02 choke

x

STACKING SETS

panel
modell

B + 1 x K models
B8 709 73 stacking set

B + 2 x K models
B8 709 62 stacking set

B+ 1 x K models
B8 709 67 stacking set

B + 2 x K models
B8 709 65 stacking set

B + 1 x K models
B8 709 67 stacking set

B8 709 71 choke

B + 2 x K models
B8 709 65 stacking set

B8 709 70 choke
B8 709 71 choke

B+ 1 x K models

B8 709 60/07 stacking set

B + 2 x K models
B8 709 60/07 stacking set

B + 1 x K models
B8 709 60/07 stacking set
B8 709 60/02 choke

B + 2 x K models
B8 709 60/07 stacking set

B8 709 60/02 choke

1Spindles are available in two lengths: 300 mm for 2 transformers, type number 432202608351

450 mm for 3 transformers, type number 4322 02608361

F115



E401 series - VARIABLE TRANSFORMERS

MOTOR DRIVE MODULE

Pinion set type 84543 for matching the entire
AU5300/80. . series of gearboxes to the motor
drive.

Panel model E401 KB/080 with motor drive.

A motor drive module is available for most of the E401 series variable transformers, either stacked or
individual. Two types of motor combined with a choice of gearboxes can rotate the variable trans-
formers over 320°, from limit to limit, in 6, 15, 30, or 60 sec.

Protective-cover set.
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VARIABLE TRANSFORMERS - E401 series

MOTOR DRIVE MODULE

A motor-driven variable transformer, either stacked or individual, can be build up of the following
parts:

TranN S oM @ (S) i see page F108
transformer stacking Se t.....ocooiiiiiiiiii i see page F115
top plate (for mounting of motor) plus accessories . . 84 538
stacking set for motor drive (see table below)l . . . . 84539/..
gearbox (see table below ) ..o, 84 540/...
[0 PPN AU5300/80. ..
SWItCh S @ t .o 84 5412
cover for motor AU5050/22 84 542/01
AU5100/22 84 542/02
pinion set
(for gearbox AU5300/80. .. 0Nnly) .ciiiiiiiiiiiiiiiiiaeens 84 543
motor (according to table below).....c.oooiiiiiiiiinan. 0 = type AU5050/22
X = type AU5100/22
Transformers rotation time (limit to limit) stacking
£401../... 6 sec 15 sec 30 sec 60 sec 120 sec set 84 539/. .
number of transformers
123 123 123 123 123 1 more
use motor
A/023 X X 0 X X 00X 00 00O /04 /04
/045 X X 0 X X 0 0 X 00O 00O /04 /04
/090 X X 0 X X 0 X X 00O 0o /03 /02
B/010 E/010 X X o X X 0 0 x 00O 000 /04 /04
/020 /020 X X 0 X X 0 0 X 00O 00O /04 /04
/040 /040 X X 0 X X 0 X X 00O 0oo0cC /03 /02
/080 /080 X o X X 0 X X 0 0 X 00O /03 /02
with gear box
type 84 540/... 16 /15 /30 /60 /120
or AU5300/80. ..3 see booklet “Small synchronous motors and gearboxes”

1Serves to mount the motor drive on the transformer. The number of parts in the set depends on whether it con-
cerns asingle or a stacked transformer.

2 Additional switches to rotate the transformer to certain pre-determined intermediate positions. Set 84 538 contains
two switches for the two extreme positions.

3 To calculate the rotation time (limit to limit) when using the AU5300/80. . series of gearboxes, multiply their gear
reduction i by 1/50, which yields the time in minutes.
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E401 series - VARIABLE TRANSFORMERS

The miniature transformers are molded in reinforced polyester resin. The construction is rugged and
professional. The mounting hole pattern is simple, the support area is relatively wide, and the trans-
formers are light enough to be mounted on thin chassis or panels.

Type number: 2P 250 50

The spindle of this model is adjustable in length protruding at both sides. A different spindle of suitable
length can be fitted.

Max. input voltage................ 240 V + 5% (connected to K— N)
220V + 5% (connected to K— M)

No-load output voltage . . . 0—240V (Input connected to K— M)

Nominal current................ 0.7 A over the whole range

Frequency..coocooeeeinienncnnn. 50-500 c/s

No-load losses........c.oeeeeee. 2w

Test voltage.... .. 2000 V during 1 minute

Temperature range ............. —15to +40 °C without derating

Climatic conditions............ Conform 1.E.C.68, test C - 21 days

Max. permissible temp,

rise at any point 70 °C
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E401 series - VARIABLE TRANSFORMERS

frequency . . . 50-400 c/s

insulation resistance 10,000 M.Q between winding
and spindle

test voltage . . 2 kVrms- 50 c¢/sduring 1 min

life oo in excess of 500,000 complete
revolutions

climatic conditions conform to IEC 68, test C

mounting . . . threaded bush

operating torque. max. 500 gr

Type E 401 ZZ
Some of these transformers are wound in two layers. The slide contact tracks only the upper layer

and so only one half of the primary voltage is tapped.

m:zit!;zm output voltage (V) turnl c:rl:z(:t A_\éo:taiizm loss at type
terminals (out = 0) lout = A number

(V) ‘nom (") (V)

240 CcB 120. .240 cw 0.5 20 0.8 E401 7Z/01

CA 0. .120 ccw

220 CB 120. .240 cw 0.5 20 0.9 02

120 (one layer) 0. .120 - 0.6 14 0.8 03
60 (one layer) 0. .60 — 1.2 6 0.6 04

1 Turn shaft end CW (clockwise) or CCW (counter-clockwise) to increase output voltage.
2 This is the voltage drop from A to the slider C when C-B is loaded with Inom.

F119



B870... series - VARIABLE TRANSFORMERS

MODELS WITH SEPARATE WINDINGS,

input
voltage

)
180
220

240

Range I. Line voltage connected to terminals A-C for

output voltage

no-load

)

260
215
320
265
350
285

nominal

)

240
196
300
240
330
265

range

B8 70900/02 at "0-300 V' ’position.

Range Il. Line voltage connected to terminals A-B for panel mounting type B8 709 50/01 or switch-off type B8 709 00/02
at “0-240 V™ position.

Output terminals E-T

F120

max. output
current
lnom.

(A)

PRRR e
[LRGRERT NSRS

max.
no-load
losses
w)

5
3.5
7.5

5

1

6

1

voltage
per
turn

)

0.58
0.48
0.71
0.58
0.77
0.63

panel mounting type B8 709 50/01 or

ELECTROSTATICALLY SCREENED

operating
torque
(kg cm)

[SENNENERENY

laboratory type

For further electrical and climatic data see page F71
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Soft magnetic materials
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FERROXCUBE 3 & U

SURVEY OF SYMBOLS

Mi

Ve .

AT.

1 )
Gj7 o dTe

length of the magnetic path in cm

. cross-section of a homogeneous part of the core in cm2

. relative initial permeability, defined by:

B
Mi = I'm
H—0n

. relative effective permeability, defined by

. effective volume of a potcore in cm3 — volume of an ideal toroid
in the same material grade and with the same magnetic proper-
ties as the potcore. Ve is calculated by:

. length of the air gap in mm
. turns factor — number of turns for 1 mH

. inductancefactoi— inductanceforoneturn in nanohenry (10~9H)

. peak feld strength in oersted

. peak induction in gauss

. amperes X turns

temperature factor =
value for a certain ferroxcube material over a certain tempera-
ture range, in order to calculate the temperature coefficient per
°C of a coil the temperature factor has to be multiplied by the
effective permeability.

Afi
AM iMe peroc
Mi Mi2

So t.c.



Qp_ jl1 A2

Ai2l°g”
0
Curie point .

tan 6

02-24-100 = = o o °

(2 e,

FERROXCUBE 3 & h

SURVEY OF SYMBOLS

. disaccommodation factor, which gives the permeability varia-

tion of the core, measured between 10 and 100 minutes after
demagnetization.

. critical temperature in °C above which the ferromagnetic body

is paramagnetic.

. constant for eddy current and residual losses together at a cer-

tain frequency, determined at B <1 gauss through the coil. The
resulting R/L value for eddy current and residual losses is:

S -
p = x ne x 2jtf QjH (Fin c/sj
/

. constant for hysteresis losses standardized for an effective vol-

ume of 24 cm3,/ie = 100 and measured between two currents,
corresponding to two Bmax values, stated in the ferroxcube
catalogue.

At 800 c/s, for agiven volume Ve, and for an equivalent permea-
bility Ae, we obtain:

q2-V-, = 7224400 X (4 )3/2X JU Q IH>/-mA
ve

T = g2-V-;, <V 1l x1X 800D/H

(L in henry, fin c/s and iin mA)

. specific resistance in fl.cm measured with d.c.
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FERROXCUBE 3 & U

MAIN APPLICATIONS

Ferroxcube is the name given to the ceramic soft magnetic core material produced by our factories.
Owing to its excellent properties, this material more and more supersedes metallic core materials.
Thanks to the high electrical resistivity the eddy current losses in the material are extremely low,
even at high frequencies, so the troublesome process of laminating the core can be avoided. Hence
ferroxcube is supplied as ready-shaped piece parts the forms of which have been adapted to the re-
quired magnetic circuit.

grade application

3B2, 3B3 frames for IF transformers, potcores, rods, screw cores

3B5 potcores

3B7 potcores

3C2 yoke rings, erasing heads

3C4 U-cores

3C6 U-cores

3D3 antenna rods, potcores, screw cores

3E1 E- and I-cores, toroids, potcores

3E2 H-cores , small toroids

3H1 potcores, E- and I-cores, small toroids, cross cores

4A1 potcores, E-cores, small toroids

4A3 antenna rods (long and medium wave)

4B1 antenna rods, frames for IF transformers

4C3 antenna rods

4C4 small potcores and small toroids

4D1 frames for IF transformers, screw cores

4E1 frames for IF transformers, screw cores
Mechanical data
specific weight................ 3.5-5 g/cm3
specific heat...................... appr. 0.17 cal/g/°C
thermal conductivity . . . . appr. 8 x 10~3 cal/cm sec/°C
coefficient of linear expansion appr. 10~5 /°C
modulus of elasticity . . . . appr. 15,000 kg/mm?2
tensile strength................ appr. 1.8 kg/mm2
crushing strength............ appr. 7.3 kg/mm2
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Ferroxcube 3 grades

frequency
(ke/s)

4
16
16
16

100

250

450

frequency
(ke/s)

4
16
16

100
500
1000

Ferroxcube 4 grades

4A1
frequency tan 6
(Mc/s) Mi
0.450 65 X 10-«
0.700 100 x 10-«
1 150 x 10-«
15
2
3
5
10
15
20
40

FERROXCUBE 3 & 4

MAXIMUM LOSS FACTOR

382 383 385 387 3C4
tan 6 tan & tan 6 tan O
Mi Mi
A 1lgauss; 25°C 7 x 10« 25X 10-° 1 X 10-«
1000 gauss; 25°C 65
1000 gauss; 85°C 65
2000 gauss; 85°C 230
g 1 gauss; 25°C 18 X 10« 15 X 10-' 10 X 10-« 5 X 10-6
g 1 gauss; 25°C 27 x 10“6
g 1 gauss; 25°C 50 X 10-°
3C6 3D3 3E1 3E2 3H1
tan $ tan 0 tan 6
at mW/cm3
Mi Mi Mi
< 1lgauss; 25 °C 2.5 X 10-« 1 x 10-#
2000gauss; 25°C 150
2000 gauss ;100°C 120
N 1gauss; 25 °C 8 X 10-6 15 X 10-6 5 X 10-«
< 1lgauss; 25°C 14 x 10-e 90 X 10-«
1 gauss; 25°C 30 X 10«
4A3 481 4C3 4C4 4p1 4E|
tan 0 tan 6 tan 6 tan § tan 0 tan 6
Mi Mi Mi Mi Mi
70 x 10-«
90 x 10-«
40 x 10-« 140 x 10"«
60 x 10-« 40 x 10«
180 x 10-«
60 x 10 « 210 x 10-«
100 x 10-« 100 x 10-« 300 x 10-« 300 x 10«
150 x 10-«
200 x 10 « 300 x 10-«
360 x 10-«
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FERROXCUBE 3 & U

PROPERTIES

initial permeability................

temperature factor of initial
permeability.........c...oii

between +23 and +55 °C

between +23 and +70 °C

curie temperature (°C) . . . .

disaccommodation between 10
and 100 min. after demagnetiza-
tion at 23 ° C

magnetic induction at H(Oe) =
at 25 °C ,
at 70 °C <Sauss>

hysteresis factor...................
/ o \
"\ H32mA /

specific d.c. resistance (f2.cm)

1tj = 10 minutes, t2 =

G8

Mi

1 dfi
Mi2’ dT

Tc

miv2L

Mi2-losS *
tl

(Bsa() 25
(B,a() 70

2-24-100

100 minutes

3B2

900+20%

(Oto + 2)

x 10-6

>150

<11 x10~6

10
3650
2800

>80

383
900+ 20%
(Oto + 2)
X10-6
>150
<11 x10-8
10
3500
2800
<12
>120

385

1400+ 25%

+ 0.5x10-«
to
+ 2.3x10-«

>150

<7.5x10-«

10
3950
3150

<2.5

387

2300+ 20%

-0.6x10-«
to
+0.6x10«

>170

<4.3x10-«

10
4350
3500

<1.8

>100



initial permeability

amplitude permeability
at B = 1000 gauss;

T= 23°C
B = 1000 gauss;

I. g3o>
B = 2000 gauss;

T = 85°c
B = 2000 gauss;

T = 100 °C

temperature factor of ini-
tial permeability

between +23 and +55 °C
between +23 and +70 °C

curie temperature (°C)

disaccommodation be-
tween 10and 100 min. after
demagnetization at 23 °C

magnetic induction:
at H (0e) = .oieiienns

at 25 °C \ ..
at 70 °C JgausS.............
At 100°Cjuueeeeaaeeeannnn.

hysteresis factor at

100 kc/s(Rm S a )

specific d.c. resistance
(fl.cm)

3C2

&i 900 +25%

frap
1
Hi* dT
Oto+4.5x10~6
Tc >150
Z+Mog —
tl
10
25 3650
(BMt) 70 2800
(Bsoi)100 —
q2-24-100
Q >10

FERROXCUBE 3 & ft

3C4 3C6

3000+ 25% -

>2000 -

>1500 -
— >1000
>150 >150
10 6.4

4600 -

3550 -
— >5800

PROPERTIES

3D3

750 £20%

Oto+2x10-6

>150

<5x10-6

10
4200
3550

<3

>150
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FERROXCUBE 3 & k

PROPERTIES

3E1 3H1 4A1
initial permeability................ Mi 2700+ 20% 2300+20% 600+20%
temperature factor of initial per- 1 dA
meability.............. Mi2® dT
between +23 and +55 °C (Oto + 4) — (0 to +6)
X10~6 X10~*
+0.6x10-
between +23 and +70 °C — to i
+1.8x10-
curie temperature (°C)............. Tc >125 >170 >125
disaccommodation between 10 Mi-Mi
and 100 min. after demagnetisa- 9 % tp <5.9x10-6 <4.3x10" —
tion at 23 ° C .eoeeeeeeieeeieee, ftz,1og "
magnetic induction at H (Oe) = 10 10 10
(Bs,,*) 25 3550 4350 2250
at 70 °C ) g3USS. ..ot (Bsat) 70 2450 3500 1650
hysteresis factorat / Q \ q2-24-100 <4 <1.8 -
4 ke/s AH32m A/
specific d.c.resistance . . (,!3.cm) 8 — >100 >100,000
461 4C3 4C4 4D1
initial permeability Mi 250+20% 80+20% 120+20% 50+ 20%
temperature factor of initial 1 dt (Oto+15)
permeability................... Mi2' dT — — X10-*
between +23 and +55 °C . (Oto+8)
x10~*
between +5 and +55°C Oto -10 Oto-10
x10-“ X10-* —
curie temperature (°C) Tc >250 >350 >350 >400
disaccommodation between Mi-Mi
10 and 100 min. after demag- t — <10x10-« -
netisation at 23 °C . . . . Mi2-log —
ti
magnetic induction at 20 30 30 40
H (Oe) = at25°C . ... (Bsat) 25 3250 3900 3300 2200
at 70 °C gausSS...cccenennnn. (Bsat) 70 2800 3600 3100 2100
specific d.c.resistance (Q.cm) Q >100,000 >100,000 >100,000 >100,000

G10

4A3

450+20%

<10 x10-*

>100,000
4£1
15+ 20%

(Oto+15)
X10-*

>500

100
1750
1650

>100,000



FERROXCUBE 3 & ft

ANTENNA RODS AND PLATES

RODS1
Grade 4A3 Grade 4B1
dimensions \ type number dimensions type number

(0 9.8+ 0.3) x (240 + g) 4311 020 52621 (0 9.7+ 0.3) x (240 + 8) 4311 020 52331
X (220 1)) 4311 020 52741 X (200 £1) 3122 104 91251
X 2°°: 4311 020 52581 X (175 + 5) 4311 020 52241
X 8°i2 4311 020 52751 X (140 + 5) 3122 104 91241
X (160 £\) 4311 020 52611 X (130 + 2) 4311 020 52231
X (150 t\) 4311 020 52771 (0 7.8+ 0.2) x (190 + 4) 4311 020 52551
X (14° £1) 4311 020 52601 X (140 + 3) 4311 020 50251
X (1 is) 4311 020 52781 x (100 + 2) 4311 020 52171
X (100 1) 4311 020 52591 (0 6.5- 0.3) x (130 + 05) 3122 104 91801

(0 7.8%0.2) X ggpsg) 4311 020 52701
X (1401 §) 4311 020 52691
X o 55 4311 020 52791

(0 635+ 0.2) x (130 +]) 4311 020 52801

"Preferred types

G11



FERROXCUBE 3& U

ANTENNA RODS AND PLATES

RODS
Grade 3D3
dimensions
(0 9.7 £+ 0.4) x (240 = 6)
x (200 1f)
x (175 t 4)
x (160 £])
X (150 - 4)
X (140 - 4)
X (100 £ 2)
(0 7.5+ 0.3) x (140 £ 3)
X (125 £+ 2.5)
(0 6.35 + 0.3) x (130 = 3)
Grade 4C3
dimensions
(0 9.8+ 0.3) x (200 1)
X (155 - 4)
PLATES1
Grade 4B1
dimensions
(19- 1) x (3.8- 0.3) x (150
x (125
X (100
X (75
(13.4 - 0.8) x (4.15 - 0.3) x (120
X (94
X (62

1 Preferred types

G12

type number

4311
4311
4311
4311
4311
4311
4311
4311
4311
4311

020
020
020
020
020
020
020
020
020
020

51521
51051
51131
51351
52001
51931
51211
51271
51831
51641

type number

4311 020 52351
4311 020 52341

6)
5)

3)
2)
1
1

type number

4311
4311
4311
4311

020
020
020
020

3122 104
3122 104
3122 104

52411
52401
52391
52381
92141
92121
92151



FERROXCUBE 3& 4

RODS AND TUBES FOR SMALL COILS (E.G. IFTRANSFORMERS)

Ferroxcube rods and tubes are used as cores in RF and HF inductances with an open magnetic circuit
such as in IF transformers.

RODS'1
diam. (mm) length (mm) grade type number
0.95-0.15 10 -2.5 3B 56 680 21/3B
1.25-0.04 6.2—0.4 3B 4322 020 32081
1.65-0.05 9.2—0.4 3B 3122 104 91071
9.2—0.4 4B 3122 104 91061
11.5-0.4 3B 4322 020 32101
11.5-0.4 4E 4322 020 32111
12.2-0.4 3B 56 680 36/3B
12.2-0.4 4B 3122 104 91111
19.2-0.4 3B 3122 104 91231
25.2-0.4 3B 3122 104 91171
25.2-0.4 4B 3122 104 91181
28.2-0.4 3B 3122 104 91091
28.2-0.4 4B 4322 020 32091
1.7-0.15 15.2-0.4 4D 4322 020 32171
1.7—-0.1 28.2-0.4 4C 4322 020 32121
28.2-0.4 4D 4322 020 32131
28.2-0.4 4E 4322 020 32141
1.7-0.15 30.5-1 3B 3122 104 91201
1.75-0.2 10.2-0.4 3B 3122 104 91131
18.5-1 3B 3122 104 91141
18.5-1 4B 3122 104 91151
18.7-0.4 3B 3122 104 91141
4 -0.5 63 -1 3C 56 680 63/3C1
6 -0.075 46.2-0.4 3C 3122 104 91311
6.65-0.3 40.4-0.8 3B 4322 020 32161

1 Preferred types

G13



FERROXCUBE 3&U

RODS AND TUBES FOR SMALL COILS (e.g. IF transformers)

Ferroxcube rods and tubes are used as cores in RF and HF inductances with an open magnetic circuit
such as in IF transformers.

TUBES"'

outer diam. (mm) inner diam. (mm) length (mm) grade type number
2.8 -0.03 1.2 +0.1 8.2—0.4 3B 4322 020 34341
8 r° 1.2 +0.2 3.5-0.5 3B 4322 020 34401
4B 4322 020 34421
6.5—0.5 3B 4022 101 80011
3.7 -0.3 1.7 +0.2 13.7-0.4 4E 4322 020 34331
4.15-0.05 2 + 0.2 7.2—0.4 4A 4322 020 34441
12.2-0.4 4B 4322 020 34451
4C 4322 020 34461
4D 4322 020 34471
15.2-0.4 4B 4322 020 34381
4C 4322 020 34371
21.2-0.4 4A 4322 020 34391
4B 4322 020 34481
4.3 -0.2 2 + 0.2 7.2—0.4 3B 3122 104 92901
12.5-1 3B 4322 020 34491
15.2-0.2 4D 4322 020 36761
15.4-0.8 3B 4322 020 36751
18.5-1 3B 4322 020 36771
25.5-1 3B 4322 020 36781
4B 3122 104 90811

4C 56 060 75/4C

4D 56 060 75/4D

4E 56 060 75/4E
30.2-0.4 3B 4322 020 36791
40.5-1 3B 3122 104 90801
55.5-1 3B 4322 020 36801
4.95-0.1 1.3 +0.2 40.5-1 3C3 3122 104 93111
5.3 -0.2 3 + 0.2 22.4-0.8 3B 4322 020 36811
6.2 -0.4 2.85 + 0.3 30.2-0.4 4C 4322 020 36821

6.4 -0.4 3 + 0.2 14.3-0.6 4D K5 000 85

8 o 4.2 + 0.6 51.4-2.8 3B 4322 020 34311
4B 4322 020 34321

1 Preferred types

GU



FERROXCUBE 3 & U

SCREW CORES AND CUP CORES FOR SMALL COILS (e.g. IF transformers)

60°

SCREW CORES1

The standard cores are available in ferroxcube 3D3
with an initial permeability of 750 +20%.

SCrew thread

M4 x 0.50
M4  x 0.50
M5  x 0.75
M5 x 1
M6 x 0.5*
M6 x 0.75
M6 x 0.75
M6 x 1
M6 x 1
M7 x 1
M7 x 1
M8 x 0.75
M8 x 1.25
M8 x 1.25
* Grade 3B

CUP CORES1

(mm)
12 + 0.3

7+ 0.2
12 + 0.3
20+ 0.3
12 + 0.2
25 + 0.5
13+ 0.3
25+ 0.5
12 + 0.3
18 £+ 0.5
12 + 0.3
16 £+ 0.5
25+ 0.5
16 £+ 0.5

d
(mm)
3.65 + 0.05
3.65 + 0.05
4.55 + 0.05
5.0 - 01
5.9 - 0.04
5.55 + 0.05
5.55 + 0.05
5.5 = 0.02
5.5 *= 0.02
6.45 + 0.05
6.45 + 0.05
7.55 + 0.05
7.35 + 0.05
7.35 + 0.05

Type number 132210492221, Grade 3B1

1Preferred types

(mm)

1.6
1.6

2.15
2.35

2.45
2.65
2.65
2.75
2.75

3.15
3.15

3.65
3.65
3.65

I+
o

+ + + o+ 1+ + 1+

+ I+

+ + I+

0.15
0.15

0.3
0.15
0.5
0.25
0.25

0.15
0.15

0.15
0.15
0.15

(mm)
0.7+ 0.1
0.7 £ 0.1
0.8 £+ 0.1
1.1+ 01
1.2+ 0.2
1.1+ 01
1.1+ 01
1.3+ 01
1.3+ 01
1.3+ 0.1
1.3+ 0.1
1.3+ 01
1.3+ 01
1.3+ 01

type number

4312
4312

4312
4312

4312
4312
4312
4312
4312

4312
4312

4312
4312
4312

020
020

020
020

020
020
020
020
020

020
020

020
020
020

32041
32141

32051
32131

32011
32071
32061
32031
32021

32091
32081

32101
32121
32111

Type number 432202020954, Grade 3B1
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FERROXCUBE 3 & 4

PIECE PARTS AND MOUNTING

PARTS FOR SMALL

IF-COILS

LILLIPUT COILS (complete IF-coils for 452 kc/s: AP 1040-AP 1045 etc.)

The complete range of piece parts comprises:

Screw core (ferroxcube)

&

11
S

Frame (lacquered)

Coupling rod (3B1)

For coupling between
primary and secondary
windings, to be inserted
in disc AP 3018.

G16

Type number 3122 104 91131

max. frequency Zl\%Ug) [ grade \ type numberl
0.6 3B1 312210493011
4B1 93021
12 4D1 93041
20 powder K4 725 10
iron

1 A version with a trimming grip on both sides is also
available.

max. frequency (Mc/s) type number

0.6 AP 3014 00/3B1

2 AP 3014/01 4B1

12 AP 3014/02/4D1
ratio detector AP 3014 03/4D1

Coupling disc Type number AP 3018

W.2



FERROXCUBE 3 & 4

PIECE PARTS AND MOUNTING PARTS FOR SMALL IF-COILS

LILLIPUT COILS

For one coil

Mechanical shielding - type number AP 3015/00 to be used

(polystyrene) when screening is not required; the
Q-factor is not affected.

Mechanical shielding - type number AP 3015/01
(copper) (symmetric hole)
type number AP 3015/02
(asymmetric hole)

For two coils Block Spacer plate
Type number AP 3015/03 Type number AP 3019 Type number AP 3017
(for ratio detector only)

Coil formers (polyethylene)

version type number
S
symmetric;
for use without A pins AP 3016700
ferroxcube frame 5 pins AP 3016/01
asymmetric;
for use with 4 pins AP 3016702
ferroxcube frame 5 pins AP 3016/03
version type number
asymmetric;
for use with
ferroxcube frame 2 flanges AP 3016705
base with A pins AP 3016704

G117



FERROXCUBE 3 & 4

YOKE RINGS FOR USE IN DEFLECTION COILS FOR 110° PICTURE TUBES

European technique American technique
Type number 3122 104 92181 Type number 4322 020 35011
(preferred type)

37t0.9

G18



FERROXCUBE 3 & 4

YOKE RINGS FOR USE IN DEFLECTION COILS FOR 110° PICTURE TUBES

Type number 3122104 90511 Type number 432202035071

,H5.1-1A

6.2+0iL J3.8+02

G19



FERROXCUBE 3 & 4

DAMPING BEADS AND WIDE-BAND CHOKES

7274053

number

~max f (@™max)
of turns
(kQ) (Mc/s)
1.5 0.35 + 20% 120
1.5 0.45 + 20% 250
2.5 0.75 = 20% 50
2.5 0.85 + 20% 180
2 x 15 0.90 £ 20% 50
2 x 1.5 1.00 £ 20% 110
Beads without wirel
~T
CL. J b
"S a i
a1 Fig. 1
L outer o or b inner o
(mm) (mm) (mm)
10 £ 0.5 6+ 0.3 0.7 *+ 0.
14 + 0.4 14 + 0.5 3.5 + 0.
10 + 0.5 6+ 0.3 0.7 + o
7.5+ 0.5 6+ 0.3 0.7 + o.
8+ 0.3 14 + 0.5 3.5 + 0.

1 For single hole beads see under tubes, page
G20

decrease of impedance
in the frequency range

(Me/s) dB
10-300 <7
80-300 <3
10-220, 30-100 <7, <3
50-300, 80-220 <6. <3
10-220, 30-100 <7, <3
50-300, 80-220 <7, <3
*
| o -
t -
Ammmmmem 1
s Crad
(mm) raae
2 - 3B1
5 8.5 - 0.5 4B1
2 - 4B1
2 - 3B1
5 8.5-0.5 4B1

(for anti-interference applications)

Beads and wide-band chokes
are available in ferroxcube
grades 3B1 and 4B1.

The chokes are supplied with
six axial holes through which
1.5, 2.5 or 2 X 1.5 turns of
tinned copper wire are
threaded.

The table gives the types of
chokes that are currently
available.

Detailed information can be
given on request.

grade type number
3B1 4312 020 36631
4B1 4312 020 36691
3B1 4312 020 36641
4B1 4312 020 36701
3B1 4312 020 36651
4B1 4312 020 36711
1
|

J

fig- type number

2 4312 020 31501

1 4312 020 31521 -

2 4312 020 31551

2 VK 211 18

1 4312 020 31571



FERROXCUBE 3 & 4

U-CORES FOR LINE-OUTPUT TRANSFORMERS

Available types

All types of core are available in ferroxcube grades 3C4 and 3C6. The difference in splay between two
U-cores taken at random from one packingwill never exceed half the total tolerance on dimension Bj.

dimensions (mm) type number
grade
Ba D, G H K Fig. 1

49.8 + 0.8 26.9 155 + 0.4 48+ 0.2 |28.4 £+ 0.2 155 + 1 3C4 4312 020 332011

3C6 333011
Fig. 2

56.7 + 0.75 361 13.8+ 0.2 3.6+ 0.2 205 + 0.2 17.6 + 1 3C4 33221
3C6 33321

60.35 + 0.9 37.05 15.9+ 0.4 4.8+ 0.2 |28.75+ 0.2 1555+ 1 3C4 33211
3C6 33311
60.35 + 0.9 37.75 159+ 0.4 4.8+ 0.2 31.8 + 0.2 1855+ 1 3C4 33231 -
| 3C6 33331

1Ds = 15.9 + 0.2.
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FERROXCUBE 3& 4

U-CORES FOR LINE-OUTPUT TRANSFORMERS

G22



FERROXCUBE 3 &4

U-CORES FOR LINE-OUTPUT TRANSFORMERS

MATERIAL 3C6

6, B2 H K b i type number
(mm) (mm) (mm) (mm) (mm) fig- yP
40.7 + 1.3 24.4 + 1.2 33 * 0.2 23.1 + 0.9 11.4 - 0.5 3 3122 104 90481
39.6 + 0.4 9.5+ 0.2 11.4 - 0.5 4 3122 104 90471
496 + 0.8 27 + 1 44.2 + 0.2 >31 15.6 + 0.4 3 4312 020 33381
50 + 0.8 12.6 £+ 0.2 15.6 + 0.4 4 4312 020 33391
58 +1.3 28 + 1 44.6 + 0.5 31.5+ 0.5 15 0.4 5 4312 020 33341
58 +1.3 28 + 1 34.6 £+ 0.5 21.5 + 0.5 15 0.4 5 4312 020 33351
59.4 + 0.8 13.5+ 0.2 15 0.4 6 4312 020 33361
72 1 44 +1.4 33.1 + 0.15 19 0.4 14.1 + 0.3 11 4312 020 33001
93 +1.8 36.2 + 1.6 52 + 0.5 24 0.45 30 + 0.6 1 4312 020 33102
93 +1.8 27.5 £ 0.5 30 + 0.6 4312 020 33112
93 +1.8 36.2 + 1.6 76 = 0.5 48 + 0.9 30 + 0.6 1 4312 020 33092
93 +1.8 36.2 + 1.6 76 = 0.5 48 + 0.9 16 0.5 1 4312 020 33072
93 +1.8 275+ 0.5 16 0.5 2 4312 020 33082
101.6 + 2 >47 57.1 £+ 0.4 31.7 + 0.75 25.4 + 0.8 1 4312 020 33122

1 Notches in back.
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FERROXCUBE 3 & 4

PIECE PARTS FOR ERASING HEADS (material grades 3Cl and 3C2)

? N

For good erasing of magnetic tape at a low noise level, afrequency
is required that is several times higher than the maximum fre-
quency to be recorded. That is why, for use in erasing heads a core
material with low eddy current losses is recommended. Low eddy
current losses imply low heat dissipation, and consequently less
power for the erasing procedure.

Ferroxcube cores possess this property in a much higher degree
than laminated metal cores, so that they are plainly indicated for
this application.

The tables below contain data of ferroxcube cores in the material
grades 3C1 and 3C2.

Properties

Low eddy current losses at frequencies up to 500 kc/s.
The initial permeability is approximately 900.
The saturation flux at 23 °C is

of ferroxcube 3C1 approx. 3300 gauss,

of ferroxcube 3C2 approx. 3800 gauss.

Survey of cores
Ferroxcube grade 3C1, shape according to Fig. 1.

dimensions (mm)

A B C D d | E F G
4.7-0.4 1.7-0.4 11+0.2 1.4%0.2 0 05 +0.1 4.8%x0.4 3.2—
47—04 36—02 11+0.2 1.4%0.2 0 05 +0.1 4.8x0.4 3.2—
4.7—0.4 7.1-0.2 11%0.2 1.4%0.2 0 05 0.1 4.8%x0.4 3.2—
4.7—04 1.2-0.4 11+0.2 1.4%0.2 0 05 +0.1 4.8%x0.4 3.2—
4.7—04 3.5—03 11+0.2 1.4%0.2 0 0.55+0.1 4.8%¥0.4 3.2—
47—04 2.8—02 11+0.2 1.4%0.2 0+0.2 0.5 #0.1 4.8%x0.4 3.2—
47—03 1.4-0.2 11+0.2 1.4%#0.2 0+0.2 05 *0.1 4.8x0.4 3.2
3.1-0.3 1.6-0.2 9.2+0.2 1.4%¥0.1 0£0.1 0.5 0.1 3.8%0.4 3.2
Ferroxcube grade 3C2, shape according to Fig. 2.

dimensions (mm)

A B c d E G H
5.8— DE— 09+0.4 01+0.C5 9.4¥0.4 45—04 ! 3%0.2
5.8— 0.6 - 08+0.4 0.1+0.05 9.4x0.4 4.5— (B40].2
5.8— DAH—0.2 18+0.4 0.1+0.05 9.4%0.4 4.5— (B40.2

G24
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type number

56907 27/3C1
56907 33/3C1
56907 73/3C1
56907 80/3C1
5690797/3C1
K550090
K550015
K550035

type number

K550000
K550025
K550045



FERROXCUBE 3 & 4

POTCORES OF THE P-SERIES
Introduction

Ever since ferroxcube potcores were first
introduced some fifteen years ago, they have
proved to be among the best cores for in-
ductors and transformers and have been
used in ever-increasing quantities. Origi-
nally developed for carrier telephone equip-
ment, potcores are nowadays also used
successfully in loading coils, tuned circuits,
chokes, and many other applications where
highly reliable inductors are required.

One of the great advantages of ferroxcube
potcores over the conventional powder-
iron or spiral cores is that it is possible to
adapt their effective permeability to the spe-
cific requirements of the inductor for a certain
application. In this way, high quality factors
and high stability of inductance can be obtained
with cores of small volume. This also results
in a small volume of the whole equipment,
the more so as no additional external shields
are required. Metal parts in the vicinity of
the coil do not cause losses, since the stray
magneticfield around the potcores is extre-
mely small.

A great variety of potcore types is available to suit the widest diversity of requirements in afrequency
range extending from audio frequencies to approximately 20 Mc/s.

Contrary to the custom of the early days of ferroxcube, when a type of core was designed for a specific
application, to-day ranges of internationally standardized cores are available (see the tables), which
can be used in the majority of applications. In this way, the creation of a great variety of coreshapes
is avoided, and all the advantages of largescale production, constant quality level and reasonable
prices are fully exploited.

The entire problem of the construction of a coil or atransformer can be reduced tothefoilowing points.
Around a core of magnetic material, a number of windings of conducting wire must be arranged in
some way or other. This arrangement must be such that winding and core are not only kept together
in astable way, but also that the coil can be easily inserted into a circuit. A further requirement is that
the assembly should preferably be suitable for conventionally wired circuits as well as for mounting on
printed-wiring boards. Finally, coils for tuned circuits should be provided with means of adjusting their
inductance, so that the circuit of which they form part can be tuned inductively, and bulky capacitive
trimmers avoided.

Apart from the complete range of ferroxcube potcores, a comprehensive survey of coil formers,
mounting parts and adjusting devices is given that eminently match the range of potcores.



FERROXCUBE 3 & k

POTCORES OF THE P-SERIES

Electrical properties

On the following pages the values of relative effective permeability,”, are given. This characteristic is
the most important factor to be considered when designing a coil with aferromagnetic core. The rela-
tive effective permeability is defined as

Z VI<iA

where /4t — the relative initial permeability of the material used;
I = the length of the lines of force of the part of the magnetic circuit considered, in cm;
A = the cross-section through the core, perpendicular to the direction of the lines of force,
in cm2.

For a certain required inductance L, the necessary number of turns N is calculated either from

N = asjlL
or from
in which:
a = the turns factor, that is, the number of turns for 1 mH when the coil former is completely
filled;
Al = the inductance factor, that is, the inductance in nH per turn, also calculated for a comple-

tely filled coil former.

If no adjustment is carried out by introducing an air gap, the
limits between which the inductance of the assembled coil may
vary are determined by the guaranteed properties of the core = ———— = oo
material and the mechanical tolerances of the core.

The values of fie, a or AL mentioned are to be used for the pot- - —

cores without the adjusting mechanism.

The most important electrical properties of a coil are the total - comeeeen
losses at low induction, the hysteresis losses and the stability of ~  -——mmemmmme -

the inductance with time and temperature. They are determined

to agreat extent by the proper choice of the effective permeability fie. It should always be kept in mind,
however, that in the case of the maximum quality factor, about one half of the total losses is still made
up of losses in the copper and insulating material. When designing coils, itis, therefore, most important
to select the right kind of winding wire and insulating material. For low-frequency coils the winding
space should be used to the full extent, and for high-frequency coils care should be taken that the stray
capacitance does not become excessive.

It is impossible to give here hard and fast rules for the optimum design of potcored coils. More detailed
information will be gladly supplied on request.
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FERROXCUBE 3 & ft

POTCORES OF THE P-SERIES

Grades of material

Potcores can be obtained in different grades of ferroxcube. Each grade has specific advantages in a
certain frequency range and for certain applications. For example, grade 3H1 has been developed to
match the temperature coefficient of polystyrene capacitors; grade 3B7 is meant for coils in combina-
tion with mica capacitors.

The table below indicates the purpose for which the different materials are most suitable. A survey
of material properties that gives more detailed information can be found on page G7.

Not all potcore sizes are available in each of the material grades mentioned in the table. Since the
choice of a certain core size depends on, amongst others, the frequency of the application concerned,
aselection has been made for the most frequent requirements. Subsequent tables contain the grades of
material in which the various types of core are normally available.

main approximate ferroxcube
application frequency range grade
filter coils from 0.1 to 200 kc/s 3B7, 3H1
200 ke/sto 2 Mc/s 3D3
2 Mc/s to 20 Mc/s 4C4
loading coils, up to 60 kc/s 3H1
transformers, 200 c¢/s to 10 Mc/s 3H1

chokes



FERROXCUBE 3 & 4

POTCORES OF THE P-SERIES
Available types
Potcores are generally supplied in three versions:

(a) potcore halves without air gap

These cores are of interest to large-quantity consumers who are doing their own adjustments, and
who in this way are offered all the advantages of simple stock keeping and afree choice of the effective
permeability.

Preferred types of potcore halves (P-series)

material 3H1 387 3D3 4C4

p 11/7 K5 352 16 K5 352 15 K5 352 17 K5 352 19
p 14/8 K5 351 82 K5 351 81 K5 351 80 K5 351 84
p 18/11 K5 351 52 K5 351 53 K5 351 51 K5 351 54
p 22/13 K5 352 01 K5 352 00 K5 352 02 K5 352 03
p 26/16 K5 351 57 K5 351 58 K5 351 56 K5 351 59
p 30/19 K5 352 05 K5 352 06 K5 352 07 K5 352 09
p 36/22 K5 351 61 K5 351 62 K5 351 63 K5 351 64
p 42/29 K5 352 22 K5 352 21 — —

Potcore halves are only supplied without an air gap.
Two parts are required for one complete core.

(b) pre-adjusted potcores with /<,-values following the E6 progression

The advantage of this range of pre-adjusted potcores is that for each potcore size the same effective
permeability may be chosen. Narrow limits of inductance after assembly can be realised.

(c) pre-adjusted potcores with AL-values following the RS and RIO progression

Like the pre-adjusted types mentioned under (b), these potcores have narrow inductance limits.

G28



FERROXCUBE 3 & 4

POTCORES OF THE P-SERIES

Accessories and mounting parts

Coil formers

The type numbers of the standard (I.E.C) coil formers are given with their
nominal dimensions. The rigid insulating material can amply withstand the
stresses that occur during winding. It has an adequate moisture resistance, and
will endure the conventional impregnating temperatures.

Adjustors

The inductance of a pre-adjusted potcore can be increased by inserting an adjus-
tor. In practice, an adjustment range of 10% is generally sufficient to cope with
the tolerances of capacitors and inductors, and with the parasitic capacitances
and inductances that occur when components are incorporated in a circuit.

On pages G34-G38 for each type of potcore the corresponding type of
adjustor is given which will increase the published ~-value by a minimum of
8%, and a maximum of 14% approximately.

When optimum stability is of prime importance, the type of adjustorthat matches
acertain potcore should be chosen. If it is desired to widen the adjustment range,
however, an adjustor indicated for a potcore with a high yte-value may be used in
a potcore with a low/(,,-value.

Mounting parts

Potcored coils can be mounted on conventional panels (see below), as well as on
printed-wiring boards; the location of the soldering tags being matched to the
0.1 in. as well as to the 2.50 mm grid. The insulating material of the tag plate can
fully withstand the temperatures occurring during dip-soldering.

After placing the spring in the container, the core is brought under the correct
pressure by pressing the tag plate down to the rim of the container. It will be
held in place after the three ears have been folded over. For conventional panel
mounting, a fixing bush and nut are separately available. Type P 11/7 does not
possess this mounting facility.

Further information on the design of simple tools for potcore assembly will be
gladly supplied on request.
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POTCORES OF THE P-SERIES

Mounting parts and coil formers

accessories

coil former
1 section

container

spring

tag plate

For mounting on
only

sd 4.

1 MAXKiW

# >
accessoriesl

coil former
1 section
2 sections
3 sections

container

spring

tag plate

type number

P5 055 71

Bl 410 46

Bl 480 31
4322 021 30180

printed-wiring boards

Type P 18/11

type number

P5 055 75
P5 055 76
P5 055 88
Bl 410 48
B1 480 20
P4 057 26

For mounting on conventional panels as
well as on printed-wiring boards

1 For panel mounting use fixing bush Bl 391 85
and nut Bl 436 53.
2 For panel mounting the container 4322 021

30600 has to be used.

G30

MAX3\

MAX 135

accessoriesl 2

coil former
1 section
2 sections

container

spring

tag plate

accessoriesl

coil former
1 section
2 sections
3 sections

container

spring

tag plate

Type P 148

mark

type number

P5 055 72
P5 055 73
B1 410 47
Bl 480 21
P4 057 25

Type P

type number

P5 055 78
P5 055 79
P5 055 89
Bl 410 49
Bl 480 31
P4 057 27

22 13

Mark

For mounting on conventional panels as
well as on printed-wiring boards
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POTCORES OF THE P-SERIES

Mounting parts and coil formers

accessoriesl \ type number accessoriesl type number
coil former coil former
1 section P5 055 81 1 section P5 055 84
2 sections P5 055 82 2 sections P5 055 85
3 sections P5 055 90 3 sections P5 055 91
container B1 410 50 container Bl 410 51
spring Bl 480 22 spring Bl 480 23
tag plate P4 057 28 tag plate P4 057 29

Type P 42/29

accessoriesl type number accessoriesl type number
coil former coil former
1 section P5 055 86 1 section P5 055 60
2 sections P5 055 87 2 sections P5 055 61
3 sections P5 055 92
container Bl 410 52 container Bl 410 53
spring Bl 480 24 spring Bl 480 33
tag plate P4 057 30 tag plate P4 057 47

* For mounting on conventional panels as we lias on printed-/viring boards. For panel mounting use fixing bush Bl 391 85
and nut Bl 436 53.
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POTCORES OF THE P-SERIES

Survey of potcore and coil former dimensions

POTCORES

The main dimensions of the potcores
are in conformity with the following

standardization specifications'
IEC publication 133

CCTU 06-02 (France)

DIN 293 (Germany)

COIL FORMERS

core type

P11/7
P14/8
P18/11
P22/13
P26/16
P30/19
P36 22
P42/29

The dimensions of the coil formers
are in conformity with the following

standardization specifications:
IEC publication 133
CCTU 06-02 (France)

D.I.N. 41 294 (Germany)

core type

P11/7

P14/8

P18/11
P22/13
P26/16
P30/19
P36/22
P42/29
P42/29

G32

d,

8.9
11.5
14.8
17.8
20.9
24.7
29.6
35.4
35.4

2

5.7
7.1
8.7
10.7
12.8
15.0
17.9
19.6
19.6

dl

111
14.0
17.9
21.5
25.5
30.0
35.5
42.4

d2

9.20
11.8
15.1
18.2
21.6
25.4
30.4
36.3

nominal dimensions (mm)

d3

4.60
5.90
7.45
9.25
11.3
13.3
15.8
17.4

nominal dimensions (mm)

3

4.8
6.1
7.7
9.6
11.7
13.7
16.5
18.0
18.0

h,

4.2
5.4
7.0
9.0
10.8
12.8
14.4
19.8
19.0

h2

3.5
4.5
6.1
7.9
9.7
11.5
12.9
17.8

h3

2.08
2.88
3.72
4.62
5.42
6.07

8.0

d,

2.05
3.10
3.10
4.50
5.50
5.50
5.50
5.50

h4

1.80
2.35
2.93
3.40
3.80

hi

6.50
8.40
10.6
13.4
16.0
18.9
21.9
29.4

2.2
2.7
3.0
3.2
3.2
3.7
4.2

h2

4.55
5.80
7.40
9.40
11.2
13.2
14.8
20.5

type
number

P5 055 60
P5 055 61
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POTCORES OF THE P-SERIES

Pre-adjusted type P11/7 with effective permeability (/(,,) following the E6 progressionl)

grade of effective number tolerance
application ferrox- perme- of turns on induc- type number
cube ability for 1mH tance
(Me) *) (%)
id 15 225 t1 K3 003 17
id 22 186 * 318
id 33 152 319
3D3 33 152 x1 3 u
3D3 il 127 312
coils in tuned 303 68 105.8 313
circuits and 3B7 68 105.8 29
equalisers 3H1 68 105.8 3 01
387 100 87.2 -5 2 92
3H1 100 87.2 tl.5 3 02
387 150 71.2 12 2 93
3H1 150 71.2 +2 3 03
pulse 3D3 660 33.9 +25 310
transformers 3B7 1300 24.2 +25 2 90
3H1 1300 24.2 +25 3 00
Pre-adjusted potcore type P11/7 with AL-values following the R5 (R10) progression
grade of tol-erance
. . correspon- on induc-
application ferrox- . . type number
ding /ie tance
cube
(%)
id 25 19.0 +1 K3 006 38
id 40 30.5 + 6 39
3D3 40 30.5 6 31
3D3 63 48 6 32
coils in tuned 3D3 100 76 6 33
circuits and 3B7 100 76 6 21
equalisers 3H1 100 76 6 11
3B7 160 122 .5 6 22
3H1 160 122 +1.5 6 12
3B7 250 190 + 6 23
3H1 250 190 +3 6 13

1 Preferred types
G33
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CONTINUOUS INDUCTANCE ADJUSTORS OF POTCORES P11/7

The tolerances on inductance of the pre-adjusted potcores (without adjustor) are given on the pages
G38-G45. After inserting a coil (impregnated or not) in an electrical circuit, its inductance can be
adjusted to the required value with an accuracy < 0.3%0 by means of a continuous inductance adjustor.

Such an adjustor increases the inductance of the coil by maximum 8 to 14%.

The adjustor is screwed in the centre hole of the potcore by means of a matching nut and is held in
position by the corner edges on the top of the adjustor.

For special requirements a bigger or smaller adjustment range may be obtained by using an adjustor
belonging to the next higher or lower effective permeability. The influence of these adjustors on the
variability of the inductance is negligible.

The maximum permissible temperature is 110 °C.

Recommended adjustors for the pre-adjusted potcores are given below.

Nut for adjustor type number 4-322 021 31230

potcore P17

Pe

33
41
68
100
150
220

40
63
100
160
160
250

Adjustor

material grade 387/3H1/3D3

adjustor

type number

4022
4022
4022
4322
4322
4322

021
021
021
021
021
021

31250
31260
31270
31540
31540
31280

colour

green
red

yellow
brown
brown

grey
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CONTINUOUS INDUCTANCE ADJUSTORS OF THE P-SERIES

7243716
7243774 jF
Fig. A Fig. B Fig. C Fig. D
P14/8
potcore material grade
e 3B7/3HJ 303 4ca
15 P5 056 03
25 P5 056 03
22 P5 056 03
40 P5 056 04 P5 056 04 P5 056 58
33 P5 056 04 P5 056 04 P5 056 59 sdivetor
63 P5 056 03 P5 056 03 P5 056 58 !
47 P5 056 03 P5 056 03 type number colour fige
100 P5 056 58 P5 056 58
68 P5 056 58 P5 056 58 P5 056 03 red A
100 P5 056 59 P5 056 59 P5 056 04 green A
160 P5 056 59 P5 056 59 P5 056 58 yellow B
150 P5 056 94 P5 056 94 P5 056 59 white B
250 P5 056 94 P5 056 94 P5 056 94 brown A
220 P5 057 38 P5 057 38 P5 057 38 grey B
P18/11
potcore material grade
fe 3B7/3H1 3D3 4C4
15 P5 056 05
25 P5 056 05
40 P5 056 06
22 P5 056 06
63 P5 056 05 P5 056 05
33 P5 056 05 P5 056 05 P5 056 61 adjustor
100 P5 056 06 P5 056 06
47 P5 056 06 P5 056 06 type number colour fig®
68 P5 056 60 P5 056 60 P5 056 05 reen c
160 P5 056 60 P5 056 60 o o o ?ed .
250 P5 056 61 P5 056 61 Pe 056 60 cllow 5
100 P5 056 61 P5 056 61 P5 056 6 zvhite b
150 P5 055 93 P5 055 93 Pe 055 ! brown c
400 P5 056 95 P5 056 95 pe 056 g: re b
220 P5 056 95 P5 056 95 grey
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CONTINUOUS

Fig. A
P22/13
potcore
I'e al
15
40
22
63
33
100
47
68
160
250
100
150
400
220
630
330
P26/16
potcore
fle al
15
22
63
33
100
47
160
68
250
100
150
400
220
630
330
1000

G36

3B7/3H1

P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056

4322 021 31240 4322 021 31240

3B7/3H1

P5 056

P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056

07

09

Fig. B

material grade

3D3

P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056

material grade

3D3

P5 056
P5 056

P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
P5 056
p5 056

07
07

P5

P5
P5
P5

P5
P5
P5
P5
P5

4C4

056

056
056
056

ac4

056
056
056
056
056

07
07
07

08

type number

P5
P5
P5
P5
P5

056
056
056
056
056

76
78
88
91
97

INDUCTANCE ADJUSTORS OF POTCORES P22/13 and P26/16

Fig. D

adjustor

colour

yellow
white
green
red
brown

4322 021 31240 black

type number

056
056
056
056
056
056

07
08
09
10
62
96

adjustor
colour

green
yellow
red
brown
wh-te
grey

w>WWmm

lsBvEoNoNeNel
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CONTINUOUS INDUCTANCE ADJUSTORS OF POTCORES P30/19, P36/22 and P42/29

Fig. A Fig. B Fig. C Fig. D
P 30/19
al adjustor "e adjustor
potcore type number colour figu potcore type number colour figs
100 P5 056 07 green A 33 P5 056 07 green A
160 P5 056 09 red A 47 P5 056 09 red A
250 P5 056 62 white B 68 P5 056 62 white B
400 P5 056 62 white B 100 P5 056 62 white B
630 P5 056 10 brown A 150 P5 056 10 brown A
1000 P5 056 96 grey B 220 P5 056 96 grey B
1600 P5 056 99 blkac C 330 P5 056 99 black D
P 36/22
- adjustor fe adjustor
potcore type number colour ‘ figr potcore type number colour fign
160 P5 056 08 yellow A 33 P5 056 08 yellow A
250 P5 056 62 white B 47 P5 056 62 white B
400 P5 056 10 brown A 68 P5 056 62 white B
630 P5 056 10 brown A 100 P5 056 10 brown A
1000 P5 056 96 grey B 150 P5 056 98 grey Cc
1600 P5 056 99 black D 220 P5 056 96 grey B
330 P5 056 99 black D
P 42/29
al adjustor adjuitor
potcore type number colour fgn potcore type number colour figs
250 P5 056 62 white B 68 P5 056 62 white B
400 P5 056 10 brown A 100 P5 056 10 brown A
630 P5 056 10 brown A 150 P5 056 96 grey B
1000 P5 056 96 grey B 220 P5 056 96 grey B
1600 P5 056 99 black D 330 P5 056 99 black D
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POTCORES OF THE P-SERIES-P11/7

Pre-adjusted potcores of the/rerange

Preferred types

tolerance on potcores assembly numberl

e amH inductance ferroxcube grade
(%) 387 3H1 3D3 4C4

15 225 + 1 K3 003 17
22 186 + 1 318
33 152 + 1 K3 003 11 319
47 127 + 1 3 12

68 105.8 + 1 K3 002 91 K3 003 01 313

100 87.2 + 1.5 2 92 302

150 71.2 + 2 2 93 3 03

660 33.9 + 25 3 10

1300 24.2 + 25 2 90 300

Number of turns for L mH is N = avlL
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 1.8 grams
Mean length of lines of force le = 1.55 cm
|
VM g5 emt
Y
Effective volume Ve = 0.251 cm3

Non-preferred types

. potcore assembly numberl
corresponding tolerance on

fi -value inductance Ferroxcube grade
(%) 387 3H1 3D3 4C4

25 19.0 + 1 K3 006 38
40 30.5 + 1 K3 006 31 K3 006 39
63 48 + 1 K3 006 32

100 76 + 1 K3 006 21 K3 006 11 K3 006 33

160 122 + 1.5 K3 006 22 K3 006 12

250 190 + 3 K3 006 23 K3 006 13

A1 is the inductance per turn in nanohenry (10*°H), LnH = N"AN

1 For pre-adjusted potcores provided with the nut 4322021 31230, the type number should be extended by the ad.
dition /01.
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POTCORES OF THE P-SERIES-P14/8

€.i0J0
Pre-adjusted potcores of the /e range.
Preferred types
tolerance on ! potcore assembly numberl
He mH inductance ferroxcube grade
(%) 387 3H1 3D3 4C4
15 205 + 1 K3 002 27
22 169 + 1 2 28
33 137.9 + 1 K3 002 15 K3 002 23 229
47 115.5 + 1 21 221
68 96.1 + 1 K3 002 02 2 12 2 22
100 79.2 + 1.5 2 03 213
150 64.6 + 2 2 05 2 14
220 53.3 + 3 4322 022 02080 2 16
680 30.3 + 25 2 20
uoo 21.2 + 25 2 00 2 10
Number of turns for L mH is N = aVL

The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 3.2 grams
Mean length of lines of force le =1.98 cm
|
2 - = 7.89 cm-1
A
Effective volume Ve = 0.495 cm3

Non-preferred types

corresponding tolerance on potcore assembly numberl
AL fi -value inductance ferroxcube grade
(%> 387 3H1 3D3 4C4
25 15.7 £ 1 K3 005 77
40 25 + 1 K3 005 71 K3 005 78
63 39.5 + 1 K3 005 72 2
100 63 + 1 K3 005 61 K3 005 51 K3 005 73
160 100.5 + 15 1<3 005 62 K3 005 52
250 157 + 2 K3 004 63 K3 005 53
315 198 + 2 K3 005 54

Al is the inductance per turn in nanohenry (10~9H), LnH = N2AL

1For pre-adjusted potcores provided with the nut 4322 02130140, the type number should be extended by the ad”
dition /01.

2type number 432202203630
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POTCORES OF THE P-SERIES-P18/11

Pre-adjusted potcores of the /ie range

Preferred types

Pe

15
22
33
47
68
100
150
220
705
1750

Number of turns for L mH is N

U-mH

178
147
120.0
100.5
83.6
68.9
56.3
46.5
25.9
16.5

tolerance on
inductance

(%)

+ -+ H+ + 0+ + -+

1

WN R R PP

25
25

aV L

K3 002 36

32
33
34
35

NN NN

potcore assembly numberl

K3

ferroxcube grade

3H1 3D3
002 46 K3 002 51
24 2 52
2 42 2 53
2 43
2 44
2 45
2 50
2 40

;0.640-"°

4C4
K3 002 57
2 58
2 59

The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight

Mean length of lines of force

Effective volume

N on-preferred types

Al

25
40
63
100
160
250
315
400
630

A1l is the inductance per turn in nanohenry (10~9H),

1For pre-adjusted potcores provided with the nut 432202130140,
addition /01.

G40

corresponding

fie-value

11.9
19.0
30
47.5
76
119
149
190
298

tolerance on
inductance

(%)

HoH W+ H H H H

NN PR PR R

w

potcore assembly numberl

6.4  grams
= 2.58 cm
= 5,97 cm”l
= 1.12 cm3
387
432202205030
432202205040
K3 005 91 K3
K3 005 92 K3
K3
K3 005 93 K3
K3
LnH =

ferroxcube grade

3H1 3D3
432202205420
K3 006 01
K3 006 02
005 81 K3 006 03
005 82
005 84
005 83
005 85
N2A (¢

4C4
K3 006 08
K3 005 09
4322 022 05030

the type number should be extended by the
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POTCORES OF THE P-SERIES-P22/13

Pre-adjusted potcores of the /ie range

Preferred types

tolerance on potcore assembly numberl
Ac inductance ferroxcube grade
(%) 387 3H1 3D3 4C4
15 162 + 1 K3 003 47
22 134 + 1 3 48
33 109.4 + 1 K3 003 41 3 49
47 91.7 + 1 3 42
68 76.2 + 1 K3 003 21 K3 003 31 3 43
100 62.8 + 15 3 22 3 32
150 51.3 + 2 323 3 33
220 42.4 + 3 3 24 3 34
330 34.6 + 3 3 25 3 35
720 23.4 + 25 3 40
1840 14.6 + 25 3 20 3 30

Number of turns for L mH is N = jV L
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 12 grams
Mean length of lines of force le = 3.15 cm
|
= 497 cm”™l
Z A
Effective volume Ve = 2.00 cm3

Non-preferred types

. potcore assembly numberl
corresponding tolerances on

Al Jie-value inductance ferroxcube grade
(%) 387 3H1 3D3 4C4
40 15.8 + 1 K3 007 28
63 25 + 1 K.3 007 21 K3 007 29
100 39.5 + 1 K3 007 15 K3 007 22
160 63.5 + 1 K3 007 11 K3 007 01 K3 007 23
250 99 + 1.5 K3 007 12 K3 007 02
400 158 + 2 K3 007 13 K3 007 03
630 249 + 3 K3 007 14 K3 007 04

A1 is the inductance per turn in nanohenry (10~9H), LnH = N2AL

1 For pre-adjusted potcores provided with the nut 4322021 30150, the type number should be extended by the
addition /01.
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POTCORES OF THE P-SERIES-P26/16

isPv
11%0.t

Pre-adjusted potcores of the /te range.
Preferred types.

tolerance on potcore assembly numbert

. amH inductance ferroxcube grade
(%) 387 3H1 3D3 4C4

15 146 + 1 K3 002 87
22 120 + 1 2 88
33 98.2 + 1 K3 002 61 K3 002 71 K3 002 81 2 89
47 82.3 + 1 2 62 272 2 82
68 68.4 + 1 2 63 273 2 83

100 56.4 + 15 2 64 2 74

150 46.1 + 2 2 65 2 75

220 38.1 + 3 2 66 2 76

330 31.0 + 3 2 67 277

730 20.8 + 25 2 80

1910 12.9 + 25 2 60 2 70

Number of turns for L mH is N = aV L
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 20 grams
Mean length of lines of force le = 3.76 cm
=4.00 cm-1
A
Effective volume Ve = 3.53 cm3

Non-preferred types

corresponding tolerances on potcore assembly numberl
al fe-value inductance ferroxcube grade
(%) 387 3H1 3D3 4C4
63 20 + 1 K3 006 68
100 31.8 + 1 K3 006 61 K3 006 69
160 51 + 1 K3 006 62
250 79.5 + 1 K3 006 51 K3 006 41 K3 006 63
400 127 + 2 K3 006 52 K3 006 42
630 200 + 3 K3 006 53 K3 006 43
1000 318 + 3 K3 006 54 K3 006 44

A1 is the inductance per turn in nanohenry (10~9H), LnH = NZ2AL

1For pre-adjusted potcores provided with the nut 4322021 30160, the type number should be extended by the
addition ,/01.
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POTCORES OF THE P-SERIES-P30/19

ms».'

Pre-adjusted potcores of the /ie range
Preferred types.

tolerance on potcore assembly numberl

He amH inductance ferroxcube grade
(%) 357 3H1 3D3

33 89.2 + 1 K3 003 73
47 74.7 + K3 003 71
68 62.1 + K3 003 51 K3 003 61 K3 003 72
100 51.3 + 1.5 K3 003 52 K3 003 62

150 41.8 + 2 K3 003 53 K3 003 63

220 34.6 +3 K3 003 54 K3 003 64

330 28.2 + 3 K3 003 55 K3 003 65

1990 11.5 + 25 K3 003 50 K3 003 60

740 18.9 + 25 K3 003 70

Number of turns for L mH is N = aVL
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 34 grams
Mean length of lines of force le = 4.52 cm
|
= 3.30 cm-1
Z A
Effective volume Ve = 6.19 cm3

Non-preferred types

. potcore assembly numberl
corresponding tolerance on

al Jievalue inductance ferroxcube grade
(%) 357 3H1 3D3

100 26.2 + 1 K3 005 41
160 42 + 1 K3 005 42
250 65.5 + 1 K3 005 31 K3 005 21 K3 005 43
400 106 + 1.5 K3 005 32 K4 005 22

630 165 + 2 K3 005 33 K3 005 23

1000 263 + 3 K3 005 34 K3 004 24

1600 420 + 3 K3 005 35 K3 005 25

Al is the inductance per turn in nanohenrys (10~9H), LnH = NZ2AL

1For pre-adjusted potcores provided with the nut 432202130160. the type number should be extended by the
addition /01, e.g. K3 005 41/10.
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POTCORES OF THE P-SERIES-P36/22

Pre-adjusted potcores of the p.e range
Preferred types.

tolerance on potcore assembly numberl

- inductance ferroxcube grade
(%) 387 3H1 3D3
33 79.7 + 1 K3 004 11
47 66.8 + 1 K3 004 12
68 55.6 + 1 K3 003 81 K3 003 91 K3 004 13
100 45.8 + 1.5 K3 003 82 K3 003 92
150 37.4 + 2 K3 003 83 K3 003 93
220 30.9 + 3 K3 003 84 K3 003 94
330 25.2 + 3 K3 003 85 K3 003 95
750 16.7 + 25 K3 004 10
2030 10.2 + 25 K3 003 80 K3 003 90

Number of turns for L mH is N = aVL
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight 74 grams
Mean length of lines of force le -5.32 cm
|
= 2.64 cm-1
Z A
Effective volume Ve = 10.7 cm3

Non-preferred types

. potcore assembly numberl
corresponding tolerance on

Al (ie-value inductance ferroxcube grade
(%) 387 3H1 3D3

160 33.6 + 1 K3 0C6 91
250 52.5 + 1 K3 006 81 K3 006 71 K3 006 92
400 84 + 1.5 K3 006 82 K3 006 72 K3 006 93
630 132 + 2 K3 006 83 K3 006 73

1000 210 + 3 K3 006 84 K3 006 74

1600 336 + 3 K3 006 85 K3 006 75

A1 is the inductance per turn in nanohenry (10_9H), LnH = NZ2AL

1For pre-adjusted potcores provided with the nut 432202130160, the type number should be extended by the
addition /01.
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POTCORES OF THE P-SERIES-P42/29

Pre-adjusted potcores of the /ue range.

Preferred types.

fie

33
47
68
100
150
220
330

2120

!

omH

78.4
65.7
55.0
45.0
36.8
30.4
24.8
9.85

i tolerance on i Potcore assemblY number’

inductance j ferroxcube grade
(%) 387 3H1
+ 1 -
+ 1 -
+ 1 - K3 004 35
+ 1.5 K3 004 21 K3 004 31
+ 2 K3 004 22 K.3 004 32
+3 K3 004 23 K3 004 33
+ 3 K3 004 24 K3 004 34
+ 25 K3 004 20 K3 004 30

Number of turns for L mH is N = aV L
The inductance will only be within the guaranteed limits if the winding space of the coil former is
completely filled with the number of turns determining the desired inductance.

Approximate weight
Mean length of lines of force

Effective volume

Non-preferred types

AL

250
400
630
1000
1600

51
81
130
205
325

corresponding
fie-value

104 grams

le = 6.86 cm
- = 2.59 cm”l
AN
Ve = 182 cm3
tolerance on potcore assembly numberl
inductance ferroxcube grade
(%) 387 3H1 385
+ 1 K3 007 41 K3 007 31 K3 007 51
+ 1 K3 007 42 K3 007 32 K3 007 52
+ 2 K3 007 43 K3 007 33 K3 007 53
+ 3 K3 007 44 K3 007 34 K3 007 54
+ 3 K3 007 45 K3 007 35 K3 007 55

A1 is the inductance per turn in nanohenry (10-9H), LnH = N2AL

1For pre-adjusted potcores provided with the nut 432202130160, the type number should be extended by the

addition /01.
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FERROXCUBE E-CORE-E20/10/5 (E20)

20.8~»
12B+0S

52 -v

Preferred type

The dimensions are according to German specification D.I.N. 41295.

Ferroxcube grade 3E1
Approximate weight 4 grams
Type number of E-core 56 907 45/3El

A transformer core can be built up by combining an even number of E-cores. A shape that is often
chosen is the shell type transformer 20/20/5 composed of two cores type E 20/10/5.

shell type transformer 20/20/5

Dimensional quantities:

mean length of lines of force le = 4.28 cm
I
= 13.7 cm-1
effective volume Ve = 1.34 cm3

Electrical properties:

atA — 0 Me = 1650-2760
Al = 1515-2520
a < 25.7

at 23 + 10 °C between
15 and 30 gauss q2-24-100 < 7  fl/(Hs'!.mA)

Mechanical pressure at which the electrical properties are determined is 5.5 kg.

Number of turns for Lmn: N = ayT.

The following E-core can be delivered with an air gap (ground in each E-core):
'l)mnumber | air gap length in mm

5690746/3E1 0.15 + 0.015
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FERROXCUBE E-CORE-E20/10/5 (E20)

Coil former for shell type transformer 20/20/5 (M20)

0.8~° 25
type number VA 901 01
material Philite
minimum window area in mm2 27
mean length of turn in cm 3.8
approximate weight in grams 0.5
maximum temperature in °C 130

The dimensions are practically according to German specification D.I.N. 41303.
The material is according to German specification D.I.N. 7708 Typ 31.5.
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FERROXCUBE E-CORE-E30/15/7 (E30)

30.8- A

Preferred type
72C2019

The dimensions are according to German specification D.I.N. 41295.
Ferroxcube grade 3E1

Approximate weight 11 grams

Type number of E-core 56 907 47/3El

A transformer core can be built up by combining an even number of E-cores. A shape that is often
chosen is the shell type transformer 30/30/7 composed of two cores type E 30/15/7.

shell type transformer 30/30/7

Dimensional quantities:

mean length of lines of force le 6.69 cm
|
11.2 cm-1
27 A
effective volume Ve = 4.00 cm3

Electrical properties:

atzl = 0 /e = 1795-2990
A = 2010-3350
a < 22.3

at 23 + 10 °C between
15 and 30 gauss 92-24-100 7 .Q/H32.mA)

Mechanical pressure at which the electrical properties are determined is 11 kg.

Number of turns for Lmpi: N = a V1.

The following E-cores with an air gap (ground in each E-core) can be delibered:

type number air gap length in mm
5690748/3E1 0.15 £+ 0.015
4322 020 34660 0.30 + 0.015
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FERROXCUBE E-CORE-E30/1S/7 (E30)

Coil former for shell type transformer 30/30/7 (M30)

3.6
iz

192~03

0.5R
j/

V)]
02 tQ
iXu- —*-
type number VA 901 11

material Philite
minimum window are in mmz2 80
mean length of turn in cm 5.6
approximate weight in grams 1.3
maximum temperature in °C 130

The dimensions are practically according to German specification D.I.N. 41303.
The material is according to German specification D.I.N. 7708 Typ 31.5.



FERROXCUBE 3&U

FERROXCUBE E-CORE-E42/21/15 (E42)

N3LT7

Preferred type

The dimensions are according to German specification D.I.N. 41295.

Ferroxcube grade 3E1
Approximate weight 42 grams
Type number of E-core 5690749/3E1

A transformer core can be built up by combining an even number of E-cores. A shape that is often
chosen is the shell type transformer 42/42/15 composed of two cores type E 42/21/15.

shell type transformer 42/42/15

Dimensional quantities:

mean length of lines of force le = 9.70 cm
T = 5.34 cm-1
A
effective volume Ve = 17.6 cm2

Electrical properties:

at 1= 0 /e = 1910-3140
Al - 4425-7380
a < 15.0

at 23 + 10 °C between

15 and 30 gauss 02-24-100 < 7 0/7(H

Mechanical pressure at which the electrical properties are determined is 28 kg.
Number of turns for Lmn: N = @tV 1.

The following E-cores can be delivered with an air gap (ground in each E-core)

type number air gap length in mm
5690750/3E1 0.25 + 0.015
5690751/3E1 0.5 *0.015
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FERROXCUBE E-CORE-E42/21/15 (E42>

Coil former for shell type transformer 42/42/15/(M42)

29-0.2
type number VA 901 21
material Philite
minimum window area in mm2 178
mean length of turn in cm 9.3
approximate weight in grams 4
maximum temperature in °C 130

The dimensions are practically according to German specification D.I.N. 41303.
The material is according to German specification D.I.N. 7708 Typ 31.5.
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FERROXCUBE E-CORE-E5S/2B/21 (E55)

58T *'

Preferred type

The dimensions are according to German specification D.I.N. 41295.

Ferroxcube grade 3E1l
Approximate weight 115 grams
Type number of E-core K5 401 25

A transformer core can be built up by combining an even number of E-cores. A shape that is often
chosen is the shell type transformer 55/55/21 composed of two cores type E55/28/21.

shell type transformer 55/55/21

Dimensional quantities:

mean length of lines of force le = 12.3 cm
I
vV__ = 3.48 cm"1
N
effective volume Ve = 43.7 cm3

Electrical properties:

atA = 0 I'e = 1950- 3250
al = 7050-11700
< 11.9
at 25 + 10 °C between
15 and 30 gauss 42-24-100 < 4 _Q/(H»/*.mA)

Mechanical pressure at which the electrical properties are determined is 55 kg.

Number of turns for Lmn : N = ocVL.
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FERROXCUBE E-CORE-E55/28/21 (E55)

Coil former for shell type transformer 55/55/21

holes in both

type number VA 901 36
material t Hostalene PPN
minimum window are in mm2 250
mean length of turn in cm 11.6
approximate weight in grams 9
maximum temperature in °C 100

The dimensions are according to German specification D.I.N. 41303.
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FERROXCUBE E-CORE-E5S/32/13 (E65)

Preferred type
The dimensions are according to German specification D.I.N. 41295.

Ferroxcube grade 3E1
Approximate weight 76 grams
Type number of E-core K5 400 60

A transformer core can be built up by combining an even number of E-cores. Shapes that are often
chosen are the shell type transformers 65/65/13 composed of two cores type E65/32/13, and 65/65/27
composed of four cores type E65/32/13.

shell type transformer 65/65/13 65/65/27

Dimensional quantities:

mean length of lines of force le = 147 14.7 cm
zZ - = 5.51 2.75 cm-1

effective volume Ve = 391 78.2 cm3

Electrical properties:

atA = 0 nme = 1980-3290 1835-3050
al = 4500-7500 8400-14000

14.9 < 109

at 23 + 10 °C between

15 and 30 gauss 42 ,, 100 < 7 on»

Mechanical pressure at which the electrical properties are determined is 40 kg.

Number of turns for Lmn: N = av L.
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FERROXCUBE E-CORE-E65/32/13 (£65)

Coil former for shell type transformer 65/65/27 (M65)

0000So

27.3+0.4

20.6+0.3

4-4.0-0.3

type number

material

minimum window area in mm2
mean length of turn in cm
approximate weight in grams
maximum temperature in °C

300 00"

7Nl

VA 901 31

fuller board
394
15
13
130

The coil former is according to German specification D.I.N. 41304; it is delivered in parts.
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FERROXCUBE CROSS CORES - X22

These cores have been developed especially for transformers to be mounted on printed-wiring boards.
Two versions of core halves can be supplied:
(1) without an air gap, and
(2) with air gap. Standardised air gap lengths in each core half are:
0.02, 0.05, 0.15 and 0.25 mm.
The material grades are ferroxcube 3H1, 3E1 and 4C4.
When ordering, the desired core half should be indicated by its type number.
The numbers for separate core halves are:
K5 351 90 for fxc 3E1
K5 351 92 for fxc 3H1
K5 351 93 for fxc 4C4

They are supplied without air gap.
For the combination of two cross-core halves, chosen at random from a lot, the following properties
are guaranteed at 25 + 10 °C.

6 frequency type number
(gauss) (ke/s) K5 351 90 K5 351 92 K5 351 93
Me <1 4 > 1490 > 1440 > 08
o« <1 4 < 17.5 < 17.8 < 68.0
tan 6 <1 4 < 1.2 X 10»
Vi <1 100 <5 X 10 6
<1 2000 <40 X 10«
<1 5000 <60 X 10-°
<1 10,000 < 100 x 10-°
q2-24-100 15-30 4 < 6 < 1.8

The mechanical pressure at which above mentioned values are determined is 12 kg.
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FERROXCUBE CROSS CORES - X22

The following X-core halves are available with an air gap:

type number material j air gap length in mm
K5 352 53 3H1 | 0.02 + 0.01
K5 352 50 3H1 0.05 + 0.015
K5 352 51 3H1 0.15 + 0.015
K5 352 52 3H1 0.25 + 0.015
Approximate weight of two halves 12 grams
Mean length of lines of force le = 3.80 cm
Ae = 1.23 cm2
|
5.75 cm-1
“ A=
effective volume Ve = 251 cm3

This X-core meets the following specifications:

International: I.E.C
France: C.C.T.U. 06 - 10
Germany: D.I.N. 41299

COIL FORMER - X22

type number

Material

Window area in mm2

Mean length of turn in cm

Max temperature for dipsoldering during 5-6 sec in °C
Max working temperature in °C

Force for pulling out pins during

1 min at 25 °C in kg

Max test voltage (50 c/s) between

pins during 2 min in Vrms

VA 901 54

reinforced polyester
33.5
4.9
280
130

> 15

500
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FERROXCUBE CROSS CORES - X30

These cores have been developed especially for transformers to be mounted on printed-wiring boards.
Two versions of core halves can be supplied:

1) without air gap
2) with air gap

Standardized air gap lengths in each core half are: 0.02, 0.05, 0.15 and 0.25 mm.
The material grade is fxc 3H1
When ordering, the desired core half should be indicated by its type number.
The type number for the separate core half without air gap is:

K5 352 55 for fxc 3H1

For the combination of two cross-core halves, chosen at random from a lot, the following properties
are guaranteed at 25 + 10 °C.

B frequency type number
(gauss) (ke/s) K5 352 55
I'e <1 i > 1525
a <1 i < 15.9
tan 15 <1 U < 1.2 x 10«
i <1 100 < 6 x 10«
2-24-100 15-30 4 < 1.8

The mechanical pressure at which above mentioned values are determined is 25 kg.
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FERROXCUBE CROSS CORES - X30

The following X-core halves are available with an air gap:

type number material | air gap length in mm
K5 352 65 3H1 0.02 + 0.01
K5 352 66 3H1 0.05 + 0.015
K5 352 67 3H1 0.15 + 0.015
K5 352 68 3H1 0.25 + 0.015
Approximate weight of two halves 38 grams
Mean length of lines of force le = 5.58 cm
Ae = 1.14 cm2
|
= 4.90 cm-1
effective volume ve = 6.36 cm3

This X-core meets the following specifications:

International I.E.C.
France C. C.T.U.06-10
Germany D. [I.N. 41299

COIL FORMER - X30

type number P4 057 50
Material reinforced polyester
Window area in mm2 97
Mean length of turn in cm 6.5
Max temperature for dipsoldering
during 5-6 sec in °C 280
Max working temperature in °C 130
Force for pulling out pins during
1 min at 25 °C in kg >2
Max test voltage (50c/s) between
pins during 2 min in Vrms >2000
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FERROXCUBE CROSS CORES - X35

These cores have been developed especially for transformers to be mounted on printedwiring boards.
Two versions of core halves can be supplied:

1) without air gap
2) with air gap

Standardized air gap lengths in each core half are: 0.02, 0.05, 0.15 and 0.25 mm.

The material grade is fxc 3H1
When ordering, the desired core half should be indicated by its type number.
The type number for the separate core half without air gap is:

K5 352 60 for fxc 3H1

For the combination of two cross-core halves, chosen at random from a lot, the following properties
are guaranteed.

6 frequency type number
(gauss) (ke/s) K5 352 60
/e <1 >1580
a <1 4 <14.4
tanO <1 4 <1.2 x 10-6
« <1 100 <7 x 10-°
q2-24-100 15-30 4 <1.8

The mechanical pressure at which above mentioned values are determined is 33 kg.
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FERROXCUBE CROSS CORES - X35

The following X-core halves are available with an airgap:

type number material
K5 352 70 3H1
K5 352 71 3H1
K5 352 72 3H1
K5 352 73 3H1

Approximate weight of two halves
Mean length of lines of force

effective volume

This X-core meets the following specifications:

International: I.E.C
France :C.C.T.U. 06- 10
Germany :D.I.N. 41299

COIL FORMER - X85

34..4+0.2
30.30.05
25.3+0.05

type number
Material
Window area in mm2
Mean length of turn in cm
Max temperature for dipsoldering
during 5-6 sec in °C
Max working temperature in °C
Force for pulling out pins during
1 min at 25 °C in kg
Max test voltage (50c/s) between
pins during 2 min in Vrms

air gap length in mm
0.02 0.01
0.05 0.015
0.15 0.015
0.25 0.015

+ O+ I+

58 grams
= 6.73 cm
= 1.64 cm2

4.10 cm~:

11.0 cm3

P4 057 51
reinforced polyester
134
7.75

280
130

>2

>2000
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POTCORES OF THE S-SERIES

i number
type of . grade of effectlv.e. of turns t.olerance on
potcore application ferroxcube permeability for 1mH inductance type number
(e ) (%)
S14/8 pulse coils; 3E1 1230 21.4 +25 K3 000 29
transformers 3B1 600 30.6 +25 40
3B1 74 85 +3 41
coils in filters 3B1 49 106 +2 42
and equalizers 3B1 36 122.5 +2 43
3B1 29.5 135 +2 44
pulse coils; 4B1 225 48.5 +25 K3 000 30
transformers 4B1 55.6 94.4 +3 31
coils in filters 4B1 35.9 115.2 +2 32
and equalizers 4B1 29 128.5 +2 33
4B1 23.9 141.4 +2 34
pulse coils; 40 128 64.5 +25 K3 000 35
transformers 40 51.5 102 +3 36
coils in filters 40 34.4 118 +2 37
and equalizers 40 27.1 133 +2 38
40 23.1 144 +2 39
S18/12 transformers 3E1 1700 19.1 +25 K3 000 48
3B2 160 64 +2.5 87
3B2 100 79 +2 49
filter coils 3B2 65 96 +1 46
and chokes 3B3 46 113 +1.5 47
3B3 28.5 142 +1.5 45
S25/16 chokes and 3E1 1860 14.2 +25 K3 000 60
transformers 3B2 150 49 +3 61
3B2 100 60 +2.5 62
3B2 80 67 +2 63
filter coils 3B3 60 77.5 +1.5 64
and chokes 3B3 45 89.4 +1 65
3B3 20 134 +1 66
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POTCORES OF THE S-SERIES

Pre-adjusted types

ffecti number tol
type of i licati grade of € ECtt:\_lle_t of turns .o(;arar:ce on ¢ b
potcore main application ferroxcube  Permeability for 1mH inductance ype number
0
(Me) « (%)
§35/23 chokes and 3E1 2250 9.7 +25 K3 001 06
transformers 3B5 200 32 +3 04
3B5 150 37 +2 03
loading coils 3B5 125 41 +2 02
and chokes 3B5 100 46 +1.5 01
3B5 80 51 +1 00
S45/25 chokes and 3E1 2420 8.65 +25 K3 001 26
transformers 3B5 1330 11.5 +25 25
3B5 200 30 +3 24
3B5 160 33 +1.5 23
loading coils 3B5 125 38 +1.5 22
and chokes 3B5 100 42.5 +1.5 21
3B5 80 47.5 +1 20
HALF-CORE TYPES OF THE S-SERIES (preferred types)
These core halves are supplied only without an air gap.
Two parts are required for one complete core.
core type type number core type type number
S14/8 -3B1 56 580 06/3B1 S25/16-3B2 56 580 40/3B2
-3E1 K5 351 25 -3B3 56 580 40/3B3
-3E1 K5 350 00
S$35/23-3B5 K5 350 20
S18/12-3B2 56 580 34/3B2 -3E1 K5 350 21
-3B3 56 580 34/3B3
-3E1 K5 350 66 S45/25-3B5 K5 350 55
-3E1 K5 350 56
S66/56-3E1 K5 350 11

POTCORES OF THE D-SERIES

Still available, details on request

G63



FERROXCUBE 3 & 4

H-SERIES FOR MINIATURIZED TRANSFORMERS -MATERIAL GRADE 3E2

According to the construction, two kinds of transformer
should be distinguished:

those whose coils are wound around the core, and
those where separately wound coils are applied to the
core.

Toroidal transformers and items made of two-hole beads
belong to the first kind, and E and U cores are used for
the second one.

A toroid is the most simple form of a coil, and the absence
of an air gap allows the full profit of the permeability. In
the second case, well-defined windings can be made even
automatically, and the wire leads can be directly connected
to tags on the coil former.

When ferrites came into use, at first the existing core
shapes were taken over, but soon round legs were intro-
duced. Later on, also potcores were used for transformers.
The printed-wiring technique led to arranging every com-
ponent in a rectangular space. To utilize that space to the
full, transformers should be designed so as to fill the entire
space with core material, copper, insulating material and
mounting parts, and this brought us to FXC cross and
butterfly cores.
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H-SERIES FOR MINIATURIZED TRANSFORMERS

Technical data

The overall dimensions and the pattern of connections of the
three core types indicated above are shown in Figs 3, 4 and 5.

H7 7.274

Lo
ot«-M 4|
4 i
B TThr

4LTTT tim

Fig. 3 Fig. 4

FERROXCUBE 3 & 4

- MATERIAL GRADE 3E2

H-20 i. 195198

J -

Fig. 5

The dimensions are valid for the cores assembled with the screening cans. If the requirements for the
cross talk attenuation are moderate or low the cores may be used without screen.

Information for the calculation of transformers as well as typical examples of applications are supplied

on request.

Assembly

As mentioned above, the number of
component parts has been reduced
to the bare minimum. With two
parts in all a complete transformer
can be produced ready for mounting
on a printed circuit. The screening
can (Fig. 8) for meeting severe cross
talk requirements adds up to three
parts:

1. fxc 3E2 H-shaped part moulded in
a coil former with terminals

2. fxc 3E2 rectangular window for
the H7 and H10 core (Fig. 1 and
6) or a U-shaped part for the H20
core (Fig. 2 and 7)

3. brass screening can

When the winding space has been
used completely, it is advised to
apply an insulating washer in the
screen.
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H-SERIES FOR MINIATURIZED TRANSFORMERS - MATERIAL GRADE 3E2

The assembly operation is very simple 51-0.15 1.140.2
indeed:

1. wind the copper wire on the H part.

For speeding up the soldering opera-
tion of the winding wire to the ter-
minals, the use of self fluxing wire is
advised. In case a terminal of the
winding must be connected to the
screening can it should be soldered to
tag 1. The side of the coil former where
the soldering tags protrude is asym-
metrical providing a means for num-
bering the connections (see Fig. 6 and
7

. take care that the joining surfaces of
the two core parts are clean and free
from dust;

place the 0 part respectively U part
on top ofthe H under slight pressure;

. apply a suitable adhesive in the four
corners of the H7 and H10 core near
the contact surface of H and O, for
the H-U construction apply the ad-
hesive around the joint of the assem-
bled H and U. Remove the pressure
after the curing of the adhesive.

The spots where the adhesive isto be
applied should be degreased thor-
oughly.

As a suitable adhesive for instance
Araldite, type D with harder type HY
951 may be used (1 part harder to
12.5 parts Araldite D).

The curing time should not be less
than 15 hours at room temperature.
This time may be shortened at higher
temperatures. Reference should be
made to the instructions issued by
the manufacturers of adhesives.

in case acan is used (for H10 see Fig.
8) place the core assembly in the can
in such a way that the marked pin 1
is situated over the hole H in the
bottom of the can (Figs. 6 and 7).

When the screen must be connected
to earth fold-over the four ears and
solder the longest ear to pin 1. When
the screen must not be connected to
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adhesive

Fig. 9

earth before folding over, cut off
approximately 1 mm from the long-
est ear.

When the screening can is properly
placed on the assembled core, termi-
nal 1 is located near hole H in the
can (see Figs. 6 and 7); this facilitates
the correct positioning of the trans-
former during assembling the equip-
ment in which the transformer 1s
used.

The coil former material withstands
the usual dipsoldering temperatures.

S0'0+S'0

TZA3573
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H-SERIES FOR MINIATURISED TRANSFORMERS - MATERIAL GRADE 3E2

Available types

Hl H10 H20
(-2TI/A) core (cm-1) 53 30 8.8
(271/A) coil (cm-1) 35 26 11.6
Al (nH/H2 min. 700 min. 1,600 min. 5,500
Number of tags 6 8 8
Tag distance 0.1" 0.1" 0.2"
Area occupied (mm2 max. 10x7.4 max. 12.4x11.2 max. 19.9x19.9
Height (mm) 4.4 6.2 15.2
description type type number

complete assembly H7 4322 020 33020

complete assembly H10 4322 020 33010

complete assembly H20 4322 020 33000
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FERROXCUBE TOROIDS

Advantages of toroids over other shapes are:
a. small magnetic stray field,
b. high /«-values.

They are very attractive for those applications in which small dimensions are required, such as broad-
band transformers and pulse transformers.

The toroids are barrel-finished and covered with an insulating lacquer.

Table I: Dimensional quantities, tolerances and weights.

(mm) (mm) (mm) (cm) (cm-) (cm3 (grams)
4 + 0.1 2.2+ 01 11 + 0.1 0.946 95.6 0.00937 0.045
6+ 0.15 4 + 0.15 2 = 01 1.55 . 77.5 0.0310 0.15
9+ 0.2 6 + 0.2 3 + 01 2.33 51.7 0.105 0.50
14 + 0.3 9 + 0.25 5 #0.15 3.55 28.5 0.445 2.14
23 + 0.5 14 + 0.35 7 = 0.2 5.70 18.1 1.79 8.6
29 + 0.5 19 + 04 7.5+ 0.2 7.50 20.1 2.58 13
26 £+ 0.7 23 + 0.5 10 + 0.2 9.20 14.2 5.60 29
36 + 0.7 23 + 0.5 15 +0.2 9.20 9.42 8.50 44

Note: All dimensions apply to the not lacquered version.

Different series are available:

Series A: Ferroxcube grade 3El1 dimensions (mm) [ type number
Hor = 2700 £ 20% 36 23X 10 | K3 005 00
green lacquered X X
36 X 23X 15 K3 005 01
29 X 19X 7.5 K3 005 02
Series B: Ferroxcube grade 3H1 dimensions (mm) i type number
Sorted into /t groups
4 x 2.2 x 11 K3 oo 95
Orange lacquered
6 x 4 x 2 K3 ©° 96
9x 6 x 3 K3 ©° 97
14 x 9 x5 K3 oo 98
23 x 14 x 7 K3 ©° 99

The colour of the circumference of the core indicates the A group (see table II)
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FERROXCUBE TOROIDS

Table II:
colour of K3 004 97
group fAtor circum- K3 004 95 K3 004 96 a-lactors K3 004 98 K3 004 99
ference
1 2000-2200 brown 60.2 54.1 44.3 32.9 26.2
2 2140-2360 red 58.3 52.3 42.8 31.8 25.3
3 2300-2540 orange 56.0 50.3 41.2 30.6 24.4
4 2480-2740 yellow 54.0 48.6 39.8 29.5 23.5
5 2680-2960 green 51.8 46.6 38.2 28.3 22.6
6 2900-3210 blue 49.9 44.8 36.7 27.3 21.7
7 3150-3480 violet 48.0 43.2 35.4 26.2 20.9
8 3420-3780 grey 46.2 41.4 34.0 25.2 20.1
9 3720-4110 white 44.2 39.7 32.5 24.1 19.2
10 >4050 black 43.3 38.9 31.8 23.7 18.8

Number of turns for Lmn:N = a V 1

The /i groups are determined with the nominal S — values (see table 1)

The a factors of the groups 1-9 are average values, those of group 10 are maximum values.
D.F.at23+ 1°C <4.3x10-°

Between +23 and +70 °C the min. //tor of the product is greater than the min. /<tor of the group.

The sorting intoyi groups is done merely for the convenience of the user. The toroids are not available
per separate group.

Series C: Ferroxcube grade 3E2 dimensions (mm) type number
';It"; Tac5°°e°re § 4x 22x 11 2P 653 29

ue facqu 6x4 X2 2P 653 30

9x6 x3 2P 653 31

14x 9 x5 2P 653 33

Bx14 x7 2P 653 34

Series D: Ferroxcube grade 4C4 dimensions (mm) type number
:'jégr;cl%zred 6 X 4 X 2 2P 653 46

a 9 X6 x 3 2P 653 47

14x 9x 5 2P 653 48

2Bx14x 7 2P 653 49

36 x 23x 15 2P 653 50

Note: It should be noticed that the properties of a toroid will deviate more from the material pro-
perties in proportion as its dimensions are smaller.
A straight-forward translation of the material figures is therefore not always possible.
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FERROXCUBE 6 (square loop)

MAGNETIC MEMORY CORES

Ail data-handling systems employ
some sort of device for the storage
of information. Such a “memory”
can accept, store and supply the in-
formation at any required moment.
For this purpose a magnetic core
memory is very often used.

The storage capacity of a magnetic core is the result of its property to assume either of two stable
magnetic states. One magnetic state is maintained, until it is made to change into the other.

The main features which can be distinguished are as follows:

1. read/write cycle time of only a few microseconds;

2. random access;

3. the information can be stored for an indefinite period;

U. storage of large quantities of information in a small volume.

The properties of the cores described below are such that the cores are specially suitable for use in
coincident current memories.

We draw your attention to the low temperature coefficient (LTC) cores, the electrical properties of
which remain substantially constant over the entire range of operating temperatures.

CORE TYPES

150 mil - 6E1
80 mil - 6B2
50 mil - 6C1, 6C2, 6D5
30 mil - 6F2, 6F3, 6F4

For more information see section B “Electronic building bricks for
professional applications”.
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FERROXCUBE 7

ULTRASONIC TRANSDUCER - MATERIAL GRADE 7A2

Ultrasonics are more and more applied by all kinds of industries for cleaning and degreasing purposes.
Notably watch makers, instrument makers, electron-tube manufacturers, and manufacturers and
users of other small components that have intricate shapes or are difficult of access (e.g. hypodermic
needles) consider ultrasonic cleaning to be superior to conventional methods. Recent tests showed that,
whereas other methods resulted in removal of some 30 to 80% of the adhering dirt, ultrasonic cleaning
removed up to 100% of the contamination. Larger machined parts may also be cleaned in this way,
e.g. polished lenses and ball bearings, ground ceramic components, etc. In the iron industry ultra-
sonics can be used for de-rusting steel plates. Other ultra-sound applications are underwater detection
(Sonar or Asdic, fishing aids), drilling, welding, destroying of cell membranes or bacteria, etc.

The ultrasonic vibrations are generated by the conversion of H.F. current through electroacoustic
transducers. Usually the transducers consist of either piezoelectric or piezomagnetic materials. For
piezomagnetic transducers a new grade of ferroxcube has been developed, namely 7A2.

Ferroxcube 7A2 tranducers are best suited for applications in which the temperature is not controlled.
This is the case with many modern types of efficient cleaning equipment where the transducers are
cemented outside a liquid-filled vessel.

The solid ferroxcube transducers excel by a very high electroacoustic efficiency. If properly mounted
they may yield a value of 70 to 85%, whereas the efficiency of laminated metallic piezomagnetic
transducers usually does not exceed 35%. This means that for a given acoustic output a smaller,
simpler and consequently cheaper electric generator can be used and that the power consumption
can be reduced by more than 50%.

The table on page G74 shows the nominal operating frequencies and the physical dimensions of a
number of current types of ferroxcube transducers, those on pages G72 and G73give the main electrical
and acoustical properties.
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FERROXCUBE 7

ULTRASONIC TRANSDUCERS - MATERIAL GRADE 7A2

Main properties of the transducers in FXC 7A2

. rin window
(for drawings see page G 74) symbol i 9 )
(Fig- 1) (Fig- 2)
low-power data for free transducers
type number 2P 643 87 2P644 45 K5 55005 K5 550 11
ampere-turns required for maximum k
on vergin magnetisation curve (nlpolyopt 230-350 150-240 150-230 100-150
effective piezomagnetic coupling coeffi-
cient at optimum bias (reffyopt 0.20-0.24 0.20-0.24  0.19-0.23 0.19-0.23
open-circuit resonance frequency fr 20.8-21.4 29.0-29.8 25.0-25.5 40.0-41.0
short-circuit resonance frequency or
frequency of maximum efficiency Amax N fa 21.4-21.9 29.8-30.5 25.6-26.0 41.0-41.8
mechanical quality factor of free trans-
ducer core (Qmech)free >2000 >2000 >2000 >2000
high-power data for loaded transducers
effective mechanical quality factor and Qload 15-30 25-50 20-45 20-45
equivalent electrical parallel resistance Rpard) n2.0.012 n2.0.015 n2.0.006 n2.0.015
and parallel reactance of single-loaded-
sub-mergedd) transducer at frequency
fmax ATfmrxLpard  n2.0.005 n2.0.012 n2.0.009 n2.0.022
permissible rating of electric HF power p 150-180 120-150 40-50 30-35
of single-loaded submerged3)
transducer and corresponding acoustic
intensity at the radiating surface ] 1.4-1.7 1.6-2.0 3.0-3.5 3.0-3.5
effective mechanical quality factor and Qload0)
equivalent electrical parallel resistance *par4)s)

and parallel reactance of transducer ce-
ment-coupled to bottom of steel beaker A Tfmax~par4)
frequency fmax6)

permissible rating of electric HF power

of single-loaded submerged and cement- p
coupled non-submerged transducers and
corresponding acoustic intensity at the ]

radiating surface 7)

1 The date on the transducers are expressed in terms of the total number of turns n, except those on the multiple-
window. They are expressed in terms of the number of turns per individual limb n.

2 These transducers are supplied marked according to groups with narrow tolerance on fa.

3 The inside of a ring is the radiating surface, the outer surface is covered by cell-tight foam rubber. Window and
multiple-window transducers are placed in water on a sheet of cell-tight foam rubber, their limbs being covered
by pressure-release material.

4 For conversion of parallel resistance and reactance into series resistance and reactance see Fig. 6.
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Main properties of the tansducers in FXC 7A2

multiple double dumb-bell
window with d.c. bias
(Fig- 3) 2x (Fig. 5)

low-power data for free transducers

2P 644 56 ] 2x K5 55016 2x K5 55021

70-110 150-230
0.18-0.22 0.19-0.23
22.8-23.3 21.8-22.3
23.3-23.7 22.3-22.7

>2000 >2000

80-130

0.19-0.23
40.9-41.7

41.8-42.4

>2000

high-power data for loaded transducers

20-35 15-35
n2.0.07 n2.0.008
n2.0.11 n2.0.011
100-120
2.5-3.0
20-100
n2.0.006
n2.0.011
50-55
2.4-2.8

15-35
n2.0.014

n2.0.021

20-100
n2.0.012

n2.0.021

30-35

2.7-3.2

FERROXCUBE 7

ULTRASONIC TRANSDUCERS - MATERIAL GRADE 7A2

glued double dumb-bell

with ferroxdure biasing slabs units
(Fig- 4)
K3 040 00 K3 040 05
Amp. turns)
0.17-0.21 0.17-0.21
21.1-21,82  40.0-40.82 ke/s
21.6-22.32 41.2-42.2 ke/s
>2000 >2000
15-35 15-35
n2.0.015 n2.0.023 Q
n2.0.008 n2.0.011 Q
w
(electric)
W/cm2
(acoustic)
20-100 20-103
n2.0.011 n2.0.021 Q
n2.0.008 n2.0.011 Q
w
50-55 30-35 (electric)
W/7cm2
2.4-2.8 2.7-3.2 (acoustic)

5 The mechanical quality factor and the electrical resistance of a cement-coupled non-submerged transducer are
highly dependent on the water level and on the geometry and material of the vessel. With only one transducer
cement-coupled to a small vessel the resistance range may extend from 1/3 to 5/3 times the listed value. Much
smaller tolerances, however, can be obtained when arrays of cement-coupled transducers are used (e.g. large tanks).

6 The frequency of maximum efficiency of a cement-coupled transducer is slightly lower than that of the free (or
submerged) transducer, because the tank wall represents an additional mass loading. A steel wall of 1 mm thickness

usually causes a frequency decrease of 0.3 to 1.0 kc/s.

7 These rating values presuppose a Q|oacj not above 100, otherwise they must be reduced inversely proportional.
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FERROXCUBE 7

ULTRASONIC TRANSDUCERS -MATERIAL GRADE 7A2

— —
F T
T
L_ c i °
- M A u _t
£ i i
Fig. 3. ITH[ill IHi 11K ,
fa)
Fig. 2. u
9 fa)
Ferroxcube 7A2
Ferroxdure 250K /
Fig. 1.
Fig. 4. st
Fig. 5.
Current types of ferroxcube 7A2 transducers and biasing slabs
fig- weight dimensions (mm) type number
()] (fec/s) A 8 c D £ F
transducers
1 490 21.7 40 + 0.5 735 % 15 92 =+ 1 2P 643 87
1 380 30.2 40 + 05 49 + 15 69 1.5 2P 644 45
2 490 25.8 96 =+ 1 30 0+ 1 62 + 1.5 33.2 + 0.8 9.4 + 0.8 K5 550 05
210 41.4 58 £ 1 30 + 1 35 4+ 1 246 + 0.8 7.8 + 0.8 K5 550 11
3 1100 23.5 98 %2 200+ 01 62 + 1.5 24 * 0.5 10.0* 0.2 7+1 2P 644 56
5 320 22.5 96 = 1 40 + 1 62 + 1.5 4.2 + 1.6 9.8 + 0.2 K5 550 16
5 80 42.1 50.4 + 0.5 30 4+ 1 32.4 + 0.6 3.3 + 0.4 7.0 + 0.2 K5 550 21
4 650 22.4 2X K555016 + 2x 2P 667 05 glued together with “Araldite” K3 040 00
4 170 41.7 2x K5 55021 + 2x K6 176 00 glued together with “Araldite” K3 040 05
biasing slabs
material: magnetised 40 x 16.6 x 4.0 mm for use with K5 550 16 2P 667 05
ferroxdure 250 K 30 x 9.0 x 2.0 mm for use with K5 550 21 6 176 00

Conversion of parallel resistance
and reactance into series
resistance and reactance

Fig. 6.
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FERROXPLANA

Ferroxplana is a hexagonal ferrite suitable for high frequencies. The main properties are given below:

Initial permeability fi\

tan,3at SOMc/s
w
100
200
300
500

temp, factor /g”
1

spec, resistance (f2cm)

frequency range (Mc/s)

Preferred types in 1Z2:

tV7222ZZA
Fig. 1

_ L D

fig- (mm) (mm)

1 15+ 0.4 8.5 + 0.3
1 10 + 0.6 4 + 0.6
1 5+ 0.3 46 - 0.6
2 14 + 0.5 8.25 + 0.25

172 173
15 10
1.0 x 10-3 —
2 x 10-3 1.8 x 10-3
6 x 10-3 —
— 4 x 10-3
— 10 x 10-3
80 x 10-6 250 x 10-*
106 10
50-200 200-500
V///TTT77.
\iyy//77//7.
Fig. 2
H
(mm) (mm) (mm) ! numbef
3.9 0.2 - - 3122 104 91711
2 0.4 - - 91761
2 0.4 — - 91781
3.4+ 0.6 14 + 0.5 5.85 + 0.25 4322 020 69751
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POWDER IRON

PIECE PARTS FOR SMALL IF-COILS

Main properties of the various grades of powder iron: 1P1, 1P2, 1P3, 2P1.

freq. range material measured on a small ring
up to 10 Mc/s ipi 300 at 10 Mc/s
up to 40-80 Mc/s 1P2 350 at 30 Mc/s
up to 40-80 Mc/s 1P31 350 at 30 Mc/s
up to 100 Mc/s 2P1

1 Only for cast parts

dimensions (mm)

L o, D w,  Tige
8 +0.2 8 -0.1 1
317 0.2 18 0.2 2
1]
3 "d>
L L
7202QF
Fig. 3

Cores with tinned copper wire

dimensions (mm)

L to/. .
30 +4 30
40 +4 22
33 +4 28

G76

material

to/.

+0.5
+0.5
+0.5

2P1
1P1

4.00
4.95
4.95

type number

Mi
appr.
appr.
appr.
appr.

4322 020 69511
4322 020 69521

to/.

-0.15
-0.1
-0.1

10
8.5
8.5
2.5

fig-

particle size
6-8 /m
4-6nm
4-6 /im

type number

A3 770 40/1P3
A3 770 48/1P3
A3 770 63/1P3



POWDER IRON

PIECE PARTS FOR SMALL IF-COILS

Screw cores

dimensions (mm) j pitch (mm)
total numver grade figs type number
L to/. D tol. a a S of
tol.  grcoves
5 $0.3 4.95 -0.1 < 15 0.1 1 1P1 1 3122 ° 58]
6 +0.5 6.07 -0.23 appr. 60° 0.5 1P1 2 4:22 020 69501
8 +0.3 4.95 -0.1 <85° 15 0.2 4 1P2 4 3122 104 91611
10 0.3 7 60°+10° 1 0.1 1 1P2 3 91591
12.25 #0.3 495 -0.1 1.3% 0.2 <85° 15 0.2 5 1P2 6 91601
12.25 #0.3 495 -0.1 1.3z% 0.2 1.5 0.05 1 1P1 5 93141
12.25 #0.3 495 -0.1 <85° 1.5 0.2 5 1P1 4 90971
13 -1.5 appr. 60° 0.5 1P1 2 90991
15 +0.3 4.95 -0.1 70°+15° 1.5 0.1 5 1P1 1 92971
16.5 0.3 7 -0.1 15+ 0.3 appr. 60° 1.5 0.05 1 1P2 7 91001
16.5 0.3 7 -0.1 60°+10° 1 0.1 1 1P2 3 91661
20.25 *0.4 495 -0.1 <85° 1.5 0.2 5 1P1 1 90981

G77






FERROXDURE
“TICONAL”
RECO






CONTENTS

PERMANENT MAGNETIC CERAMIC MATERIALS AND PERMANENT
MAGNETIC CAST ALLOY

Magnetic properties and design d @ ta ....cocooeviiiiiiiiiiiiiiiiins 1 1 H4
Application SCheduUle ... H 8

Permanent magnetic ceramic materials

Ferroxdure - demagnetiSing CUTVES ... ee e e H 9

Ferroxdure 330K and 3 6 0 R ..ottt H12
Preferred type list

Plastic-bonded e rroX d U e .o H 14

Anisotropic ferroxdure
Ring magnets for loudspeakers etC........oooiieiiiii i H 15
Square magnets and blocks
] 0T Lo B T o PP
Rings, segments
Isotropic ferroxdure
DiSCS @Nd D @ IS o H 19

Permanent magnetic cast alloy

“Ticonal” (anisotropic) - demagnetiSing CU TV e S ..ciiiiuiiuiieiiieieieeieeeeaenns H 24
“Ticonal” 900, 750 and 650  ....euiuiuieieiie ettt H 25
Preferred type list
SIugsS.coeeninnnnes ...H 27
2T Lo EI=VaTo I I I 1 PPN H 28
Blocks, blocks With h 0 1€ ..o H 29
P CH Al LY P S et eaas H 29
Reco (isotropic) - demagnetiSing C U FV € S ..ot eeeaeees H 30



PERMANENT MAGNETIC CERAMIC MATERIALS

FERROXDURE - MAGNETIC PROPERTIES AND DESIGN DATA

ferroxdure
characteristics isotropic anisotropic
1001 250K 300R 330K 360R
Magnetic characteristics
Max. energy . . . .(X106G.0e) min. 0.9 2.5 3.1 3.1 3.4
product (BH)max avg. 0.95 3.0 3.3 3.3 3.6
Remanence2 B,.........cccccvvnns (kG) min.3 2100 3400 3800 3600 3800
avg. 2200 3550 3900 3700 3900
Coercivity2  ............ Hc(Oe) min.3 1600 2200 1600 2800 2000
avg. 1650 2500 1900 3000 2200
Avg. static working condition
Bd(kG) 1000 1900 2000 1900 2000
Hd (Oe) 950 1600 1650 1700 1800
Permeability.............. /< rev. (G/Oe) 1.112-1.118 1.08-1.15 1.08-1.15 1.08-1.15 1.08-1.15
Field required for saturation
Hsat (Oe) 12000 10000 8000 12000 10000
Curie temperature. . . . 11 -(°C) 450 450 450 450 450
L/D ratio for open circuits 0.5 0.5 0.5 0.5 0.5
Material characteristics
Specific electrical resistivity (Rm!/m) >106 108 108 108 10»
Coefficient of thermal expansion
(0-100°C)curucuiennannns (in 10-&/°C) 8.5 15.0 10.5 15.0 10.5
Specific gravity ............. - (g/cmd 4.9 4.8 5.0 4.9 5
Manufacturing procCessS...c.cceeveevennennnn . Processed materials pressed to the required shape

in a die and sintered.

. - Material cannot be machined
Machinability

Surface finishing by grinding

11In ferroxdure 100, rods are extruded. Discs may be cut from rods which means that values may be a bit lower;
2 Measured at room temperature (20° C). 3It should be noted that the minimum values of Br and Hc never occur
simultaneously.

Temperature coefficient. With ferroxdure 100 the effect of variations in temperature on the induction is practi-
cally reversible. Inother words, after temporarily heating or cooling, the starting point on the BH curve is regained
within 1 or 2 percent without remagnetization being necessary. Only after heating above the Curie point does per-
manent demagnetization occur. The same applies to anisotropic ferroxdure, but with this material care should be
taken that when cooling the magnets below room temperature (which gives an increase of B and a decrease of H) the
working point of the magnets does not pass the knee of the demagnetization curve. Otherwise a lower working point
will be obtained after reheating to the original temperature (see leaflet “Ferroxdure Permanent Magnets™). The
newer materials ferroxdure 360R and 330K are in this respect less sensitive due to the highercoercivity values,
resulting in a favourable shift of the knee.
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PERMANENT MAGNETIC CAST ALLOY

RECO

characteristics

Magnetic characteristics

Max. energy (x 10tG.Oe) min.

product (BH)max avg.

Remanence3Br ................ . (kG) min2.
avg.

Coercivity Hc  .......oooeoaen (0e) min2.
avg.

Avg. static working condition

Bd(kG)

Hd(Oe)
Permeability...........c........ ,urev. (G/0e)
Field required for saturation

Hsat (Oe)

Curie temperature . ... o « « (°C)
L/D ratio for open circuits
Material characteristics
Specific electrical resistivity. . R/m2/m

Coefficient of thermal expansion
(0-100 ° C ) eevreenenenieannnns in 10 7°C

Specific gravity................ e « (g/cm3

Manufacturing process .

MAGNETIC PROPERTIES AND DESIGN DATA

100

1.0
1.2

5800
6200

460
480

4000
300

4.0-6.5

2500

730

3.0

0.7

6.9

casting to the required shapes,
time of casting.

120

11
1.3

5300
5900

500
600

3100
400

4.4-5.0

2500

700

3.0

12.5

6.9

reco (isotropic)l

140

1.3
1.4

6200
6500

530
565

3500
400

5.0-6.0

2500

770

3.0

7

160

15
1.65

6000
6600

600
680

4150
400

4.0-5.0

2500

810

3.0

0.65

170

15
1.65

5200
5600

830
890

3300
500

3.4-4.0

3000

790

2.2

220

2.0
2.3

5600
6300

1100
1200

3750
600

3.2-3.8

5000

750

2.2

7.2

hole cored at

Machinability Material is brittle and cannot be machined
Surface finishing by grinding
1 Magnetic properties in all directions equal. 2 It should be noted that the minimum values of Br and Hc never occur

simultaneously.
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PERMANENT MAGNETIC CAST ALLOY

“TICONAL” - MAGNETIC PROPERTIES AND DESIGN DATA

“Ticonal" (anisotropic)l
characteristics

450 650 750 9003
Magnetic characteristics
Max. energy product (BH)max . (X 10BG.Oe) min. 4.0 6.2 7.0 7.5
avg. 4.25 6.5 7.5 9.0
Remanence2 Br ...................... 8000 12800 13200 10000
avg. 8500 13400 14200 10600
Coercivity2 HC  ..cooeiiiieiienen. 1200 640 720 1300
avg. 1335 700 760 1400
Avg. static working condition . ... ... Bn (kG) 5300 11000 10700 8000
Hd (Oe) 800 565 650 1100
Permeability.......o.ooovieiint. 2.5-3.0 3-4 3-4 1.7-2.5
Field required for saturation . . . . . . Hsat (Oe) 5000 2500 2500 5000
Curie temperature............ooe. (°C) 850 850 850 850
L/D ratio for open circuits . . . 2.2 4.5 4.3 2.2
Material characteristics
Specific electrical resistivity . . . . .. (52/m2/m) 0.50 0.45 0.45 0.5
Coefficient of thermal expansion
(0-100 °C)  iiiiiiiieees ... (in 10-«/°C) 10.8 10.8 10.8 10.8
Specific gravity ... L (g/cm3) 7.3 7.3 7.3 7.3
Manufacturing process............ Casting o the Casting o the
required shapes, required shape

holes cored at
time of casting.

Machinability....................... Surface finishing by grinding

1 Magnetic properties in the preferred direction optimal; 21t should be noted that the minimum values of Br and
Hcnever occur simultaneously; 3 New material.
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PERMANENT MAGNETIC CAST ALLOY

“TICONAL” - MAGNETIC PROPERTIES AND DESIGN DATA

characteristics

Magnetic characteristics

Max. energy product. (BH)max . (x 106G.0Oe) min.

avg.
Remanence2 Br ........ccccoveiennnn. . . . (kG)min.
avg.
Coercivity2 Hc  ...ooiiiiiiintn . . . (0e)min.
avg.

Avg. static working condition. . » 1 1 1 B, (kG)

Hd (Oe)

Permeability ...l . fi rev. (G/0e)
Field required for saturation . e « « Hsat (Oe)
Curie temperature....ccoceeeeeee L (°C)
L/D ratio for open circuits
Material characteristics
Specific electrical resistivity. . . . . . (0/m2/m)
Coefficient of thermal expansion

(0-100 © C ) ureeeeeeeee e . . (in 1tre&/°C)
Specific gravity ..........coooeeen L (g/cm3)

Manufacturing process.............

Machinability.........cooooiiiiins

“Ticonal” (anisotropicJ1

190 360
1.8 3.2
21 3.6

7400 10500

8000 10700
650 680
730 710

5000 7200
400 500

3.8-5.0 4.0-5.0

2500 2500
750 860
3.0 3.5

- 0.50

11.5 10.8

7.0 7.3

Casting to the required shapes,
cored at time of casting

400

3.8
4.0

11200
11600

610
640

8000
500

4.0-5.0

2500

860

4.5

0.150

10.8

7.3

500

4.5
4.8

12300
12800

600
630

9600
500

4.0-5.0

2500

4.5

10.8

7.3

Surface finishing by grinding

600

5.5
5.77

13000
13100

630
645

10500
550

3.0-4.0

2500

850

5.0

0.45

10.8

7.3

holes

1Magnetic properties in the preferred direction optimal. 2 It should be noted that the minimum values of B and H

never occur simultaneously.
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MAGNETIC PROPERTIES AND DESIGN DATA

APPLICATION SCHEDULE

applications
material
L D G W | Wa S M Mi

Ferroxdure 100......ccouvieeeinennenns
Ferroxdure 250K ...cocoieieiiiinannen
Ferroxdure 300R ....coeviieineinnns
Ferroxdure 330K ...ccoiiiiiiieinans
Ferroxdure 360R .....coeeiiiiieianatn - -

“Ticonal” 190 ciiiiiiiiieienns
“Ticonal” (C) 360 ..ccceveveinennnn. .
“Ticonal” (E) 400 .ccceuiieienenann -
"Ticonal” (X) 450
“Ticonal” (G) 500
“Ticonal” (Gg) 600
“Ticonal” 650 .iiiiiiiiiienen.
“Ticonal” 750 i
“Ticonal” 900 i

Reco (1) 2100.iciiieiiiiiiiieiaanan
Reco 120 i

= loudspeakers
dynamos, generators
= galvanometers
= watt, hour meters
a = watches
— sticking devices
= motors
i = microphones

=z ss0Or
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PERMANENT MAGNETIC CERAMIC MATERIALS

FERRO XD U RE

Demagnetising curves
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PERMANENT MAGNETIC CERAMIC MATERIALS

FERROXDURE

Demagnetizing curves

N.B. The min. H,, curve for ferroxdure 250K coincides with
the min. Br curve for ferroxdure 300R.
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PERMANENT MAGNETIC CERAMIC MATERIALS

FERROXDURE

Electrical and mechanical characteristics

The mechanical properties of ferroxdure are similar to those of other ceramic material. Ferroxdure is
hard and brittle and can only be machined by grinding with suitable discs of silicon or of diamond.
During grinding care must be taken to ensure that cooling is sufficient, to avoid cracks by local over-
heating.

Being aceramic material ferroxdure is chemically rather inert. Its chemical resistance is characterised
as follows:

Ferroxdure is not affected by:
sodium chloride in a 30% solution;
a mixture of benzol-trichlorine ethylene in a50% solution;
petrol;
nitric acid;
nitric acid in a50% solution;
acetic acid;
cresol;
phenolic solutions;
sodium sulphate solution;

Ferroxdure is hardly affected by:
delute sulphuric acid;
hydrochloric acid in a 50% solution;

Ferroxdure is rather strongly affected by:
concentrated hydrochloric acid.

Specific weight ... 4.8-5 g/cm3
MOhS” NardNeSS .. .u et 6-7

Elastic limit.. ..o 15,000 kg/mm2
Tensile strength 5 kg/mm2

Crushing strength 70 kg/mm?2
Linear extension factor (between 20 and 300 °C) . 8.5x10 6/°C
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PERMANENT MAGNETIC CERAMIC MATERIALS

FERROXDURE 330K, 360R

Type FXD330K has resemblance to type FXD250K, it has a higher induction and an appreciably higher
maximum energy product BHmax.The higher coercivity results in greater resistance to demagnetiza-
tion.

In the majority of cases, it will be possible to insert the magnets magnetized. Furthermore, calcula-
tions can be based on the maximum energy product and so, designs having a minimum magnet volume
can be obtained.

Type FXD360R has resemblance to type FXD300OR has the same induction, but higher coercivity and
a higher maximum energy product BHmax.
The low-temperature stability is improved proportionately and, if no considerable variations in tem-
perature occur, a higher energy product (a wider angle of the load line) can be employed.
The results will be:

- Areduced magnetvolumeforagiven specification.

Application

No doubt, the advantages of the crystal-oriented material FXD330K will further stimulate the use of
sandwich-type of sticking systems such as magnetic chucks. More in particular, however, it will be of
importance for professional applications such as travelling-wave tubes, electronic watches, magnetos,
alternators, generators, DC motors, clutches, filters, separators.

As a consequence of the superior reversibility, in many cases it will be possible to obtain - apart from
simplified constructions - higher air-gap inductions (up to 30% higher values were observed). This
will occur,for instance, when flat magnets - such as e.g. used for biasing magnetostrictive transducers
of FXC7A - are mounted magnetized.

If these raised values are not required or cannot be effectuated - on account of e.g. saturated pole
shoes - the cross section of the magnet may be reduced proportionately, thus leading to smaller and
cheaper systems.

To obtain a homogeneous field in permanent-magnetic D.C. motors use is made of diametrically
oriented rings, or diametrically or radially oriented segments. Apart from going a high flux, FXD330K
allows the insertion of magnetized magnets as a consequence of the improved reversibility.

If magnets of FXD360R are magnetized in their system and if dismounting requirements are not im-
posed, a somewhat higher flux can be obtained than in the case of FXD330K.

For static applications in systems having a narrow air gap, FXD360R permits shorter magnets than
FXD300R to obtain a given induction in the gap, if the other dimensions remain unchanged. Therefore,
for a given specification, the use of FXD360R results in flatter magnet systems; this is of importance
in the case a small system height is requested.

The temperature coefficient of induction and coercivity is the same for the new versions as for the
older ones, but the load line may make a larger angle with the B-axis without the occurrence of magne-
tic losses after a transient cooling down.
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PERMANENT MAGNETIC CERAMIC MATERIALS

Preferred type list

The preferred type list com-
prises the shapes and sizes of
permanent magnets for which
we already possess the dies
or the moulding plates. We
shall be glad to offer any
other shape or size required
within the technical possi-
bilities.

FERROXDURE

H13



PERMANENT MAGNETIC MATERIALS

PLASTIC-BONDED FERROXDURE

Recent developments in the field of permanent magnetic materials have led not only to improvements
in the magnetic properties of existing grades, but also to the manufacturing of plastic-bonded magnets.
These are made by mixing ferroxdure powder either with thermoplastic or with thermosetting
materials and shaping them by one of the familiar plastic manufacturing techniques, such as extrusion
- injection moulding - pressing.

These new permanent magnetic materials, introduced as plastic-bonded ferroxdure, combine the
characteristic magnetic properties of isotropic ferroxdure (albeit at a lower level) with the mechan-
ical properties of the plastic materials used.

This opens the possibilities to obtain for example:

- flexible magnets, which can easily be cut, e.g. with a knife or scissors;

- magnets having close geometrical tolerances without need of machining them;
- magnets having intricate shapes;

- magnets which can easily be machined with normal tools;

- inexpensive magnets.

These features, combined with the low price of the materials used, offer the possibility of obtaining
inexpensive magnets. They offer the opportunity to use magnets in those cases where this was im-
practicable in the past, either for technical or for price reasons; they may provide a cheaper solution
in magnet applications already existing.

We can now offer the following three plastic-bonded ferroxdure permanent magnetic materials:

Ferroxdure P30 (Norm KPN-K-992) A soft, flexible and resilient material with 85 w t% ferroxdure
powder (M) Fel20 19 and 15wt % thermoplastic material, shaped by extrusion or injection moulding.

Ferroxdure P40 (Norm KPN-K-989) A flexible material with 90 wt % ferroxdure powder (M)

Fel20 19 and 10 wt % thermoplastic material, shaped by extrusion or injection moulding in bars,

strips, rods, and suchlike.

Ferroxdure D55 (Norm KPN-V-815) A hard and rigid material with 95 wt % ferroxdure powder

(M) Fel0 9 and 5wt % thermosetting material, shaped by pressing. This material is magnetically

superior to the flexible materials; moreover, close tolerances can be achieved without machining.

Magnetic Properties (measured in test pieces)

Fxd P30 Fxd P40 Fxd D55
min.  typical min. typical min. typical

Residual induction...............coooiiin, Br (G) 1150 1250 1350 1450 1650 1700
Coercive field strength of the magn. ind. . BH, (Oe) 1050 1100 1150 1200 1300 1400
Coercive field strength of magnetisation . IHe (Oe) 2500 2700 2300 2500 2500 2700

External energy product . .BHmax X 10 (G.Oe) 0.30 0.35 0.40 0.45 0.55  0.60
Saturation induction........................... nsat (G) 12000 - 12500 - 13500 -
Saturation field strength...................... Asat (Oe) 10000 — 10000 — 10000 —
Reversible permeability (recoil permeability) |1rey -1.1 - ~1.15 - 1.15 —
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PERMANENT MAGNETIC CERAMIC MATERIALS

ANISOTROPIC FERROXDURE 300R

Ring magnets for loudspeakers etc.

Preferred types

odtf ~ground
Direction of magnetisation: axial ke ﬁ&@ ) o t
Version: unmagnetised idef Aground
dimensions
o . . meemmmememeemeeeeee — type number
outer diam. inner diam. h
mm tolerance mm tolerance mm tolerance old new
36 +0.8 18 +0.5 8 +0.1 K6 150 71 4322 020 60071
38.5 +0.6 23 +0.5 9 -0.1 K6 154 81 60381
40 +1.3 15 +0.4 7 +0.1 K6 152 61 60081
-0.7
40 +0.9 22 +0.5 9 +0.1 K6152 11 60091
45 +1 22 +0.6 8 +0.1 K6 153 01 60101
45 +1 22 +0.6 9 +0.1 K6 152 41 60111
45 +1 22 +0.6 10.5 +0.1 K6 150 51 60121
45 +1 24 +0.6 8.5 +0.1 K6 154 51 60411
45 +1 24 +0.6 9 +0.1 K6 154 21 60131
48 +1 18 +0.5 10.5 +0.1 K6 154 31 60141
51 +1.2 24 +0.6 9 +0.1 K6 151 21 60151
51 +1.2 24 +0.6 10 +0.1 60031
55 +1.2 24 +0.6 8 +0.1 K6 150 81 60161
55 +1.2 24 +0.6 12 +0.1 K6 152 01 60171
60 +1.5 24 +0.6 8 +0.1 K6 153 11 60181
60 +1.5 24 +0.6 12 +0.1 K6 151 91 60191
60 +1.5 24 +0.6 13 +0.1 K6 150 61 60201
60 +1.5 30 +0.7 10 +0.1 K6 152 71 60211
60 +1.5 30 +0.7 13 +0.1 K6 152 91 60221
68 +1.5 32 +0.7 13 +0.1 K6 151 51 60231
72 +1.5 32 +0.7 15 +0.1 K6 151 11 60241
72 +1.5 40 +1 13.7 +0.1 K6151 31 60251
73 +2.2 31 +0.9 10 +0.1 K6 153 21 60261
84 +1.8 32 +0.9 15 +0.1 K6 152 81 60271
90 +1.8 36 +0.9 17 +0.15 K6 152 51 60281
96 +2.4 40 +1 25 +0.15 K6 153 31 60291
102 +3 51 +1.5 10 +0.15 K6 153 61 60301
102 +3 51 +1.5 14 +0.15 K6 153 71 60311
121 +3.6 57 +1.7 12 +0.2 K6 153 91 60321
134 +4 57 +1.7 14 +0.2 K6 153 51 60331
134 t4 57 +1.7 14 +0.2 K6 154 01 1 60341
134 +4 57 +1.7 20 +0.2 60021
155 +4.5 57 +1.7 17.5 +0.15 60011
184 +5.5 73 +2.2 18.5 +0.2 K6 153 41 60351
184 +5.5 81.3 +2 18.5 +0.2 60001

10uter diameter provided with 3 slots

H15



PERMANENT MAGNETIC CERAMIC MATERIALS

ANISOTROPIC FERROXDURE 250K, 300R and 330K

Square magnets for loudspeakers

? Direction of magnetisation: J_ A x B
Version: unmagnetised

dimensions
A 8 h diam. hole type number

mm  tolerance mm tolerance mm tolerance mm \tolerance old new

30.6 +0.8 30.6 +0.8 5 +0.1 124 1 0.4 K6 137 51 4322 020 63011
32 +0.8 26 +0.6 8 -0.1 155 1 +0.8 K6 176 51 63091
41 +1 41 +1 8 +0.1 15.5 +0.8 K6 137 61 63041
50 +1 50 +1 10 +0.1 26 +0.6 K6175 651 630211
50 +1 50 +1 12 +0.1 26 +0.6 630011

linner diameter provided with 2 slots.

Blocks
Preferred types

-MA

Material : see below
A Direction of magnetisation: J_ A x B
Version: magnetised

dimensions
. type number
A B H material
mm tolerance mm tolerance  mm tolerance old new
7 +0.2 1.4 +0.1 0.8 +0.1 300R 4322 020 621612
5 +0.2 5 +0.2 4 -0.2 300R K6 175 90 62021
7 +0.3 7 +0.3 4.2 +0.05 250K 62001
15 +0.3 9 +0.5 5 +0.25 250K K617610 3122 104 92701
20 +0.5 10 +0.5 5 +0.1 250K K6 176 303 4322 020 62031
20 +0.5 10 +0.5 5 +0.1 250K K6 176 40 62041
30 +0.8 30 +0.8 15 +0.1 250K K6 176 202 62071
40 +1 25 +0.75 10 +0.1 330K 62181
50 +1.3 19 +0.5 4.9 -0.25 250K K6 175 302 62091
50 +1.3 19 +0.5 4.9 -0.25 250K K6 175 50 62101
50 +1.3 19 +0.5 6.1 +0.1 250K. K6 175 702 62111
50 +1.3 19 +0.5 6.1 +0.1 250K K6 175 80 62121
131 +3 51 +1.5 17.5 +0.2 330K 62141 2

2 Magnets are not magnetised.

H16



PERMANENT MAGNETIC CERAMIC MATERIALS

Direction of magnetisation: axial
Version: magnetized

dimensions
d
mm tolerance mm
10 +0.5 10
10 +0.5 12
10 +0.5 15

Material: see below

Direction of magnetisation: axial
Version: magnetised/unmagnetised
(see below)

dimensions
d h

mm tolerance mm tolerance

5.5 +0.05 1.8 +0.03
10 +0.2 2 +0.05
10 +0.5 4.6 +0.1
12 +0.3 6 +0.25
22.8 -0.3 15 -0.5
28.8 -0.3 12.5 +0.5
40.6 +1 9 +0.1
45 +1.1 9 +0.1

tolerance

+ + 1+
o o o
N NN

material

330K
330K
250K
300R
300R
250K
250K
250K

material

250K
250K
250K

version

unmagnetised
unmagnetised
unmagnetised
magnetised

unmagnetised
unmagnetised
unmagnetised
unmagnetised

old

K6 038 00
K6 038 10

-7 T

ANISOTROPIC FERROXDURE 250K, 300R AND 330K

Slugs

Preferred types

new

4322 020 61021
61011
61001

Discs

Preferred types

J MA
d(( |*

type number

old

K6 112 75
K6 112 55
K6 112 65
K6 075 00

new

4322 020 62591
62502
62581
62541
62571
62511
62551
62561

H17



PERMANENT MAGNETIC CERAMIC MATERIALS

ANISOTROPIC FERROXDURE 100

Rings (other than for Loudspeakers)
Preferred types

Material: see below

udil Direction of magnetisation: axial
odtf Version: unmagnetised
dimensions
type number
outer diam. inner diam. h material
mm tolerance mm tolerance  mm tolerance old new
20 +0.2 5.15 +0.15 4 +0.1 300R K6 153 81 4322 020 60041
24 +0.08 10.2 +0.3 4.05 +0.1 250K K615411 60052
30 +0.6 12.7 +0.5 6.35 +0.05 250K K6 152 20 60061
42 +2.3 10 -0.5 8 + 1.6 250K K6 152 30 60391
Segments

Preferred types

Material : Fxd 300R
Direction of magnetisation: axial
Version: unmagnetised

dimensions
type number
R A ] h
mm ! tolerance mm tolerance mm tolerance mm old new
49 +10 34 +0.9 23 +0.6 7.1 K6 200 10 4322 020 61541
55 + 10 35 +0.9 23 +0.6 10.4 K6 200 05 61531
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PERMANENT

a) axially magnetised

dimensions
diam. d
mm tolerance mm
3 + 0.2 7.5
4 +0.2 3.5
5 +0.3 10
5 +0.2 20
5 +0.3 30
5 +0.2 39
5 +0.3 50
6 +0.3 33
dimensions
r
diam. d !
mm tolerance mm
5.5 +0.3 5
8 +0.3 3
8 +0.5 5
10 +0.3 2.5
10 +0.5 5
14 +0.5 4
14 +0.5 5
14 +0.3 10
20 +0.35 5
25 +0.5 5
32 -1 8.7

b) diametrically magnetized
dimensions
diam. d

mm tolerance mm

4 +0.1 5
4 +0.1 10
4 +0.1 20
4 +0.1 30
5 +0.5 15

h

tolerance

O+

O, P OOoOOoOo

+ 1+

h

tolerance

o

+0

+

h

tolerance

H o+
o oo oo
a NN NN

0.
+0.

+0.
+0.

+0.
+0.

+0.

c g g NN

5

o

MAGNETIC CERAMIC MATERIALS

ISOTROPIC FERROXDURE 100

type number

old new

VK.300.23 4312 020 60131

VK.310.07 65951
VK.300.03 60021
VK.300.00 60001
VK.300.02 60011
VK.300.25 60101
VK.300.22 60151
VK.300.17 60071
type number
old new

VK.310.09 4312 020 65931

VK 310 11 65911
VK 310 06 65961
VK 310 05 65971
VK 310 08 65941
VK 310 12 65901
VK 310 13 65891
VK 31017 65831
VK 31017 65881
VK 310 18 65871
VK 310 34 65811
type number
old new

VK 30018 4312 020 60081

VK 30013 60041
VK 300 14 60051
VK 30015 60061
VK 300 26 60111

Discs and bars

Preferred types
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PERMANENT MAGNETIC CERAMIC MATERIALS

ISOTROPIC FERROXDURE 100

c) laterally magnetized dimensions
d h
mm to/. mm to/.
u +0.5 5 +0.3
20 +0.4 3 +0.3
25 +0.5 5 +0.4

12 poles on 1 face.

Rings

Preferred types

a) diametrically magnetised

dimensions
outer diam. square hole h
mm ; tolerance mm tolerance mm tolerance
12.25 +0.25 3.2 +0.5 10 +0.5
12 +0.5 3.2 +0.5 12 +0.5
b) axially magnetised
dimensions
outer diam. inner diam. h
mm tolerance mm tolerance mm tolerance
11.9 +0.4 5.75 +0.25 6.5 +<05
14 +0.5 1.5 +0.5 5 +0.5
14 +0.5 4 +0.25 4 +0.25
15.6 +0.3 6.25 +0.2 3 -0.1
18 +0.45 5 ;0.2 5 +0.2
29.9 -0.05 10 +0.3 5 -0.1
36 0.1 10 +0.2 5 -0.1
37 +0.8 25 +0.5 3.5 +0.5

14p axially magnetised.

H20

;6 poles on 1 face.

type number
old new
VK 310 211 4312 020 65771
VK 310 362 65791
VK 310 232 65851
type number
old new
VK 320 06 4312 020 62111
VK 320 07 62121
type number
old new
VK 320 19 4312 020 62211
VK 320 16 62181
VK 320 18 62201
VK 320 03 62101
VK 320 12 62141
VK 321 10 622711
VK 321 18 627311
VK 321 06 62261



PERMANENT MAGNETIC CERAMIC MATERIALS

ISOTROPIC FERROXDURE 100
Rings

Preferred types (continued)

c) radially magnetised

dimensions
type number
outer diam. inner diam. magnetisation
mm to/. mm to/. mm to/. old new
13 +0.3 53 #0.2 8 +0.3 radially N pole on od VK 32013 4312 020 62151
13 +0.3 5.3 +0.2 8 +0.3 radially S pole on od VK 320 14 62161
18 +0.5 12 +0.5 7 +0.5 radially S pole on od : VK 32047 62251
27 +0.7 20 +0.6 3.5 +0.5 radially S pole on od VK 321 28 62341
d) laterally magnetised
dimensions
conti type number
outer diam. inner diam. h magnetisation
mm to/. mm to/. mm to/. old new
24 -0.05 10 +0.5 121.25 +0.45 8p lat. on outer o VK 375 14 4312 020 62471
24 -0.04 12 +0.3 12 +0.4 16p lat. on outer a VK 321 30 62351
29.9 -0.05 10 +0.5 16.1 +0.4 4p lat. on outer a VK 375 18 62521
29.9 -0.05 10 +0.5 18.2 0.4 4p lat. on outer a VK 375 23 62481
37 +0.8 25 +0.5 |35 -0.5 4p lat. on one surface VK 321 42 62401
e) rings for couplings
dimensions
. . type number
outer diam. inner diam. h magnetisation
mm to/. mm to/. mm to/. old new
48 +0.05 30 +0.05 12 +0.1 14p lat. on outer o VK 321 24 4312 020 62751
55 +0.05 15 +0.5 13 +0.1 12p lat. on outer a VK 322 09 62431
72 +0.05 52 +0.05 12 +0.1 14p lat. on inner a VK 322 07 62791
78  t1.5 58 +0.05 13 +0.1 12p lat. on inner o VK 322 08 62421
86 +0.2 32 +0.5 23 +0.1 8p lat. on outer o VK 32210 62441
120 *0.5 96 -0.2 23 +0.1 8p lat. on inner o VK 323 00 62451



PERMANENT MAGNETIC

ISOTROPIC FERROXDURE 100

Blocks
Preferred types

T

cb co N

magnetised X A x 8

CERAMIC MATERIALS

dimensions
/ R
mm tolerance mm tolerance mm
50 +1.25 22 +0.55 5
AO +1 25 +0.75 10
AO +1 17 +0.A A
28 -0.5 13 -0.5 3.
15 +0.5 15 +0.5 5
8 +0.5 8 +0.5 5
10 +0.5 5 +0.5 3
Blocks with holes
Preferred types
magnetised [ A Xx B
dimensions
A R h
mm  tolerance mm tolerance mm tolerance
25 +0.A 15 +0.3 55 +0.3
25 +0.A 12 +0.3 5 +0.3

H22

mm

A6
A6

tolerance

+0.1
+0.1
+0.1
+ 0.5
+0.3
+0.5
+0.5

D

tolerance

+0.25
+0.25

type number
old new
VK 312 02 A312 020 66981
VK 31210 66931 -
VK 312 0A 66971
VK 312 13 66751
VK 312 08 66951
VK 312 11 66771
VK 312 12 66761
type number
old new
VK 312 20 A312 020 66711
VK 312 21 66901



PERMANENT MAGNETIC CERAMIC MATERIALS

ISOTROPIC FERROXDURE 100

laterally magnetised

dimensions
type number
A B H magnetisation
mm tolerance mm tolerance mm tolerance old new
18 +1 7 +1 6 +1 2p lat. on 18 X 6 VK303 01 4312 020 66801
20 +0.35 10 +0.25 4 +0.25 2p lat. on 20 X 10 VK 312 14 66741
75 +2 I 15 +0.4 4 +0.05 8p lat. on 75 X 15 VK 303 02 66861
Segments
Preferred types
not magnetised
old type number VK 360 04
new type number 4312 020 61501
mm tolerance
dimensions R 54.55 +2.5
A 54 +0.5
B 27 +0.3
s 5.2 +0.5
d 7.4 +0.2
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PERMANENT MAGNETIC CAST ALLOY

ANISOTROPIC ,TICONAL”

Demagnetizing curves

“Ticonal” grades are anisotropic alloys of special composition with high magnetic values inapreferred
direction.

The method of production of the grades 360, 400, 500 and 600 is similar. Compared with these types,
grade 750 has a high degree of crystal orientation, resulting in a high energy product.

The energy product for type 650 is somewhat lower than for the 750, but it exceeds the values of the
older types. Particulars regarding the types 650 and 750 can be found on page H26.

For characteristics see also page H6.
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PERMANENT MAGNETIC CAST ALLOY

ANISTROPIC ,TICONAL?™

MAGNETIC MATERIAL TICONAL GRADE 900

This magnetic material has been known for some years under the name of “TICONAL X X . In the
meantime the material has been used in practice for some purposes and it is now produced in quantities
under the name of "TICONAL 900”.

The figure shows the average demagnetizing curve of the material together with upper- and lower-
limit curves.

Owing to the great coercive force of “TICONAL 9007, the optimum length of the magnet will usually
be very small. “TICONAL 900” can often be used with success in those cases where recourse had to
be had to platinum-cobalt. It was therefore decided to discontinue the manufacturing of platinum

cobalt.
The magnets are cube-shaped. For this reason the magnetic circuit should be designed accordingly.

“TICONAL 900" is economically only attractive for tiny magnets.
Note: In the near future the minimum garanteed values will be equal to the average values given in

the graph.
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PERMANENT MAGNETIC CAST ALLOY

ANISOTROPIC “TICONAL” - NEW MATERIALS

“Ticonal” 750

The optimum magnetic performance is attended with a circular cross section. Therefore, and to avoid
expensive tooling-up, we standardized the following diameters:

10 mm, 12 mm, (1/2”), 14 mm, (5/87), 18 mm.

The magnet length should be calculated according to the circuit to be used and the performance
required.

W e have to draw your attention to the fact that, in comparison with the older grades, the high energy
product of “Ticonal” 750 is the result of a high degree of crystal orientation. The consequence is a
typical demagnetization curve having a sharp knee just at the values Bd and Hd (BHmax).

Therefore, the working line of a statically used magnetic circuit -without an external demagnetizing
field - should intersect the BH curve in the BHmax point, or the results will be disappointing. That
means, the use of “Ticonal” 750 would not lead to a higher performance or to asmaller magnet system
than obtainable with e.g. “Ticonal” 600 or even “Ticonal” 500.

The material is also suitable for dynamic application incurring external demagnetizing fields.

“Ticonal” 650

“Ticonal” 650 is another interesting new crystal-oriented permanent-magnet material available on
commercially attractive delivery terms. It may be used when, for some reason, the magnet for any of
the above mentioned applications cannot be made from the outstanding grade “Ticonal” 750.

The energy product guaranteed for “650” is somewhat lower than for “750” but it exceeds the mini-
mum value for the next best grade, “Ticonal" 600, by 12% and that for “Ticonal” 500 by even 36%.

Grade 650 has the essential advantage, that, compared with grade 750, it is not subject to the restric-
tion of a cylindrical shape. Nevertheless, holes should be avoided as well, because holes degrade the
magnetic values as a result of disturbing the crystal orientation.

The nature of the material is such that the orientation should be straight and parallel to the axis of
magnetization. Apart from cylinders, possible shapes are square bars and prismatic forms, which may
have ground pole faces.

To ensure complete crystal orientation and optimum magnetic values, a geometric ratio length/dia-
meter not in excess of 1 is recommended if the diameter does not exceed 15 mm.

For the rest, our statements on “Ticonal” 750 also apply to “650”. The knee in the demagnetization
curve is less sharp.
For further data see page H6.
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PERMANENT MAGNETIC CAST ALLOY

ANISOTROPIC “TICONAL” - 600 650, AND 750
Slugs (1) J— 1
1
Material: see below Preferred types M‘; =
Direction of magnetization: axial T
Version: unmagnetized | ==

dimensions
type number

d h material

mm tolerance mm tolerance old new
9.3 -0.3 5 -0.05 “Ticonal” 750 - 6322 059 75001
9.3 -0.3 10 -0.05 “Ticonal” 750 - 75011
12.9 -0.3 10 -0.05 “Ticonal” 750 - 75061
15.1 -0.03 11.5 +0.05 “Ticonal” 759 - 75061
15.8 -0.1 13.6 +0.1 “Ticonal” 750 - 75031
16.6 +0.3 13.6 -0.1 “Ticonal” 650 3C 010 33 65021
18 -0.6 12 -0.1 “Ticonal” 600 3C 01018 60001
19.6 +0.3 9.6 +0.1 “Ticonal” 750 — 75081
19.6 +0.3 15.6 -0.1 “Ticonal” 650 3C 010 32 65031
19.6 +0.3 15.6 +0.1 “Ticonal” 750 — 75071
21 +0.5 16 +0.05 “Ticonal” 600 3C 007 65 60011
21 +0.5 22.5 +0.05 “Ticonal” 600 3C 010 30 60061
26.2 -0.6 16 +0.05 “Ticonal” 600 3C 009 96 60021
27.5 +0.5 18.5 +0.05 “Ticonal” 600 3C 007 66 60031

Slugs (1)
Preferred types
dimensions
type number
d1 dz h material

mm tolerance mm tolerance mm tolerance old new
13.2 -0.5 18 0.5 13 +0.05 “Ticonal" 600 3C 007 66 6322 059 60051
18 -0.3 26 +0.5 17.5 +0.05 600 3C 010 35 60061
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PERMANENT MAGNETIC CAST ALLOY

ANISOTROPIC “TICONAL” - «00, 500 AND 600

Rods

Preferred types

b Direction of magnetization: axial
” Version: see below
dimensions
type number
d 1 material version

mm tolerance mm  tolerance old new

i +0.2 6 +0.2 “Ticonal”500 unmagnetised 3C 009 80 4322 059 50071 1)
5 +0.3 13 +0.1 500 unmagnetised 3C 01016 50081

5 +0.3 19.5 +1 500 magnetised 3C 009 82 50091
5.5 -1 25 +0.5 500 magnetised 3C 001 2« 50101))
8.1 -1 65 +0.5 500 magnetised 3C 002 36 501111

1) Bars in these diameters can be supplied in any length between 8 and 100 mm.

Rings

Preferred types

= Material : see below
Direction of magnetisation: see below
- odtf Version : see below
dimensions type number
outer diam. inner diam. h material  d/m version
ne
mm to/. mm | to/. mm tol. old W
18.1 — 0.3 5 +1 10 -0.05 *“Ticonal"'600 a unmagnetised 3C 010 36 4322 059 60071
30 0.5 7 0.5 25 0.2 400 a magnetised 3C 000 60 40001
56 +0.5 48 +0.5 10 0.5 400 d unmagnetised 3H 717 83 40011

d/m = direction of magnetisation
d = diametrical
a = axial
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PERMANENT MAGNETIC CAST ALLOY

ANISOTROPIC

Direction of magnetization: _L face A X B
Version:see below

27
21.5
100
22
32
10
40

1with

dimensions

tol mm toi. mm to/.

+0.05 2.25 -0.03 2.6 +0.05
+0.05 4 +0.05 5 +0.02

-1 5 -0.4 14 -1

-1 20 +0.5 17 +0.05
+0.5 145 0.5 22 +0.2
+1 12 +0.1 29.1 +0.05
+0.3 @ —O3 40 +0.1
+0.5 20.8 +0.5 40 +0.05
+0.5 5 +0.5 50 +1
+0.05 17 +0.3 10.5 0.2

material

“Ticonal”900
“Ticonal”900
“Ticonal400
“Ticonal”450
“Ticonal”500
“Ticonal”500
“Ticonal”500
"Ticonal”500
“Ticonal”500
“Ticonal”500

two mounting holes. 2with one mounting hole.

Old type number: 3C010.25 (unmagnetised)
New type number: 4322 05910001

Material: “Reco I”

Version: unmagnetised

..--188403

18.240.3

“TICONAL” -

version

unmagnetised
unmagnetised
magnetised
unmagnetised
magnetised
unmagnetised
magnetised
unmagnetised
magnetised
unmagnetised

3H
3C
3C
3C
3C
3C
3C
3C

400, 450, 500 AN D 900

Blocks

Preferred types

type number

old

717 36
009 94
000 59
000 09
008 40
005 06
002 02
010 46

new

4322 059 90002
90011
40021
45031
50121
50131'
50141
501512
50161
50171

Special types

(Please also consult our original drawings)

Old type number: 3C00972.1 (unmagnetised)
New type number: 432205940031

Material: “Ticonal” 400
Version: unmagnetised
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PERMANENT MAGNETIC CAST ALLOY

RECO (ISOTROPIC)

Demagnetizing curves

729-4939

Reco is a permanent isotropic magnetic cast alloy, the various types are
distinguished by the different percentage of cobalt and titanium.
The types 170 and 220 are characterized by their high coercivity.
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PELTIER BATTERIES

APPLICATIONS

When considering the application possibilities for Peltier cooling, it should be kept in mind that all
these cooling applications in principle can also be solved with compressors (together with additional
provisions). Peltier cooling is preferable only in those cases where it offers definite technical or econo-
mical advantages. These may be e.g. the following ones:

a.

relatively low cooling capacity required, so that a standard compressor device is overdimensioned,
and Peltier offers a cheaper solution.

. necessity for temperature constancy or temperature regulation, which with Peltier is much easier,

cheaper and exacter than with compressors.

. smaller volume

d. noiselessness

. no supervision required

the following, a number of such application examples is given.

Measuring apparatus

1.

Melting point determination (— 20 to +80 °C). Here Peltier can act both as cooling and as heating
medium. Iteasily permits melting point determinations down to lower temperatures, and moreover
an easy and exact regulation. The melting can be either visually observed or found by asudden
change in a physical property e.g. the permittivity or the electrical resistivity.

. Determination of freezing point depression. This is a customary method for the determination of

molecular weight. Here Peltier cooling allows a higher precision, omission of the cooling bath and
the possibility to repeat the freezing point determination several times without appreciable time
loss.

. Solidifying point and cloud point. This is particularly important for mineral and edible oils. Peltier

allows a simpler cooling and a higher precision.

. Dew point determination. By means of alternative Peltier cooling and heating, piloted by condensa-

tion of moisture upon a small mirror, a very quick and rapid determination of the dew point is
possible, suitable for repeated moisture content measurements of gases, automatic moisture
control, etc.

. Zero grade standard. This can be easily and exactly realized by alternative Peltier cooling and heating

in a small vessel of water. The Peltier battery can be piloted by using the sudden change in resisti-
vity between water and ice. This zero grade standard can be used as reference temperature for the
cold joint of thermocouples.

. Flash point.This important property for mineral oils and fuels can be simply and accurately deter-

mined within a large temperature range by means of Peltier cooling, which above room tempera-
ture is commuted to Peltier heating. Any desired temperature-time curve can be realized in this
way.

. Cold resistance of oils. No bath cooling required; moreover better regulation and exactness.

. Viscosity measurements at low temperature.

Material separation

9.

10.

Ice zone melting, for purification and separation of organic chemical substances in heterogeneous
phase (solid-liquid). By means of Peltier devices, a low temperature (— 20 °C) can be reached, and
easy regulation of temperature is possible. Moreover, heat and cold can be supplied at the same
time, and the zone width adjusted.

Column crystallization. This is more or less the same procedure as ice zone melting, but on a con-
tinuous and industrial scale. For the use of Peltier, the same advantages apply.
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PELTIER BATTERIES

APPLICATIONS (continued)

11. Thermodiffusion. This is a procedure for purification and separation of organic substances (e.g.
proteins) in homogeneous liquid phase. When using Peltier, the required temperature can be ad-
justed easily, and exactly, the usable temperature range is extended towards the low temperature
side, and heat and cold are supplied at the same time.

12. Gas chromatography, a separation method via the gas phase. The quantity of adsorbed matter can be
increased by cooling the adsorbens. When this absorbens is afterwards heated by inverting the
Peltier current, the adsorbed matter can be quickly driven out again. In this way, the sensitivity
of the procedure can be increased and the required time shortened.

General laboratory technique

1. Small thermostat (— 20 +80 °C). By means of Peltier, a smaller and cheaper thermostat can be con-
structed for the indicated temperature range, which can e.g. serve for circulation cooling with
organic chemical reactions or with dialysis processes.

2. Drying by freezing. With Peltier cooling, a small and handy device can be constructed for drying small
quantities of liquid by freezing out the last moisture remains. This is a well-known technique in
biological, biochemical and medical fields.

3. Cooling of suction filters, e.g. for recrystallizing. Again, with Peltier asmall and easily adjustable device
can be constructed, which can either heat or cool a suction filter in a short time.

4. Test tube cooler, for chemical or biological work. Peltier enables a small and handy device, easily

adjustable and without need for supervision.

Miscellaneous

1. Keeping baths at constant temperature, e.g. for etching or staining purposes. Peltier allows a quick and
exact adjustment.

2. Portable cooling box, for transport of temperature sensitive materials (blood plasma, vaccins, sperma).
3. Ultracentrifuge, where Peltier allows a quick and exact rotor cooling.
4. Automatic glass cutting. When glass is cut off by cracking, local Peltier cooling enables a very good

and reproducible location of the crack, suitable for mass production.

Remarks

For all applications mentioned above the standard batteries PT 20/20, or PT 48/6 can be used.
For some of them one battery will be sufficient, for others, e.g. the separation of different substances,
the required cooling capacity can only be realized by using more batteries.
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PELTIER BATTERIES

HIGH CURRENT TYPE PT 20/20

Dimensional drawing of Peltier battery
PT 20/20. The length of the terminals
without mounting tags is 240 mm.

characteristic data

Optimum working current: 20 A

(water cooling of hot side required)

Voltage at optimum working current: approx. 2V

Insulation resistance between plate surfaces and connecting cables: > 100 kQ

The given diagrams of cooling capacity and current versus temperature difference were measured for
hot-side temperatures of 20 and 40 °C.

important notes

The battery should be fed by d.c. Adequate heat removal on the hot side should be provided;a short
period of operation without cooling will cause destruction of the battery. The terminals on which the
polarity is indicated, should never be reversed. For protection against oxidation the contact surfaces
are provided with a protecting layer, which must be removed before use.
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PELTIER BATTERIES

HIGH CURRENT TYPE PT 20/20

The Peltier-battery PT 20/20 is a 2V cooling unit, which consists of a series connection of 20 semicon-

ductor thermoelements made of bismuth tel luride.

The unit is so designed that adequate insulation is ensured, so that the designer is free from the difficult
problem of electric insulation. The easily accessible mounting holes permit easy mounting of heat
exchangers or water containers, and facilitate fixing to a wall of a vessel. Mounting of the cooling unit
can be done in any position. If a big cooling capacity is required, several units can be combined.

W (W)-*2.6 5 10 23 41

Cooling capacity and current versus tempera-
ture, measured for a warm-side temperature
of 20 °C.

Tk = temperature of the cold plate.

<k = cooling capacity in watts.
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W J-*3 56 1 24
1(A)-*- 7 10 15

Cooling capacity and current versus tempera-
ture, measured for a warm-side temperature
of40 °C.

Tk = temperature of the cold plate.

Qk = cooling capacity in watts.



PELTIER BATTERIES

HIGH CURRENT TYPE PT 20/20

i0010.i w

80+0.1 5
+1

SJ

Cooling device to be attached to the
warm side of this particular type,
type number AM450071.0
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PELTIER BATTERIES

The Peltier battery PT 48/6 is a cooling unit which is, because of its low current (max. 6A), very sui-
table for cooling purposes in which the cooling capacity must be controlled.

W B TG N e
maximum WOrking CUTreN ... e
voltage at max. working current
internal resistance ...
Maximum 4IT(TW = 20 ©C ) tetutiniiiie et

maximum cooling capacity (zIT = 0)..
maximum permissible temperature

The unit consist of 48 (semiconductor) thermoelements made of bismuth telluride which are con-
nected in series electrically. Adequate electrical insulation is ensured. The battery is very robust and
is protected against humidity by means of a caoutchouc layer. It can be mounted in any position by
means of the six additional M3 spring nuts.

A larger cooling capacity can be achieved by combining several batteries.

The battery is also available provided with one or two liquid containers, soldered to the warm and/or
the cold side, with two terminals for rubber or plastic tubing.

The warm side of the battery is marked with a red stripe.
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