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Camperdown — 1937

March 1937 saw the commencement of the pro-
duction of Philips Miniwatt receiving valves in Australia.
From a very modest production rate and an extremely
restricted type range at the start, in the ensuing 25 years
this enterprise has expanded to the extent that over 40
million valves have been manufactured in more than
130 individual types, ranging from large water-cooled
transmitting valves to miniature all-glass receiving valves.

Our first Valve Factory was located at Camperdown,
New South Wales, but in 1946, with the consolidation
of Philips manufacturing activities, was transferred to
Adelaide, South Australia.

Throughout the years, many changes have been made;
new basic valve constructions have been introduced, new
production techniques adopted, all designed to meet the
increasingly more stringent demands created by the
expansion of electronics into many new fields. During
the War years, transmitting and industrial valves essen-
tial to the Nation’s Defence Effort were added to the
then already expanded range of receiving valves. More
recently, with the introduction of television, a modern
Picture Tube Manufacturing Plant was established.
Miniwatt receiving valves were the first of what has
become a wide range of Australian made products mer-
chandised by the Miniwatt Electronics Division of
Philips. Today, side by side with receiving valves, manu-
facturing activities provide an impressive range of types
of picture tubes, semiconductor devices, radio and tele-
vision components, and fine copper wire, all manufac-
tured under ideal conditions in the most modern of
plants at Philips Hendon Production Centre.

Today, Miniwatt is a major supplier of these items, and
takes pride in celebrating 25 years of achievement and
service to the Australian Electronics Industry.
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of valve manufacture
in Australia
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25 Years of Valve Development in Australia

The evolution of the receiving
valve to its present stage of de-
velopment is the result of unceas-
ing efforts by scientists, physicists
and engineers during the last 60
years. Fleming’s diode of 1904
made use of the phenomenon of
electron emission observed by
Edison in his lamp experiments to-
wards the end of the nineteenth
century. De Forest added a grid to
the diode in 1906 to provide con-
trol of electron flow, thus creating
the first prototype for the modern
receiving valve. Until the mid
1920s, valves were virtually hand-
made, and their construction
and the manufacturing procedures
adopted bore a great resemblance
to those of the lamps from which
they had sprung. Mass-production
of valves followed closely on the
establishment of a broadcasting
service.

Pinch-type Valves

The first mass-produced valves re-
tained the lamp’s pinch-type con-
struction, so called because of the
pinching of the glass at the
top of the centre stem to obtain a
vacuum-tight seal around the con-
necting leads. This basic construc-
tion was used in the first Miniwatt
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receiving valves manufactured in
Australia in 1937, and many mil-
lions of pinch-type valves have
been made since. At various times,
constructional variations, such as
changes in bulb size and shape,
the use of the P-type side-contact
bases and later octal bases, were
made. These culminated in the
single-ended GT construction—a
parallel-sided bulb in which an
overall reduction in valve height
was achieved by using an ex-
tremely short stem for the pinch
structure, and the bulb was seated
within the base instead of on top
of it.

Except for replacement purposes,
the pinch-type construction is no
longer used for valve production
today. Indeed, the limitations it
imposed on valve characteristics
and manufacturing techniques were
recognised early in its use, but at
that time no satisfactory alterna-
tive construction had been de-
veloped.

Development of All-glass
Construction

The development of high definition
TV and the first serious experi-
ments in VHF communicaions in
the late 1930’s again highlighted
the need for the elimination of the
pinch. The idealised type of con-
struction then sought was one
which would:

(a) provide improved product
quality with characteristic vari-
ations reduced to a minimum;

(b) give improved performance in
VHF and UHF applications;

(c¢) be single-ended in construc-
tion and without a loss-
producing base;

(d) have reduced connecting-lead
lengths to minimise lead in-
ductance;

(e) have increased spacing be-
tween lead wires, with low
operating temperature in the
region of the vacuum seals;

(f) have a multi-planar support
system, to reduce microphony;

(g) have small dimensions and
be of a standard construction
suited to a very large variety
of valve types.

Throughout the world, many at-
tempts were made to solve this
problem, but none was really suc-
cessful until the introduction of the
Philips  “All-glass” construction,
although even this construction
was physically rather large.
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EF50 made in Australia

The all-glass construction was used
initially for the valve type EF50
which, introduced first for TV,
proved indispensable in the de-
velopment of Radar and was sub-
sequently made in Australia during
the War Years. The EF50 so clearly
established the superiority of the
all-glass type of construction that
all subsequent receiving valve de-
velopment has been concentrated
on retaining its advantages, but
with a reduction in physical size.

Miniature All-glass Construction

In America, the 7-pin Miniature all-
glass construction was developed,
and first used in a range of battery-
operated receiving valves. Many
technological problems had to be
solved before this construction
reached the quality level that it
enjoys today.
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In Europe, the problem was ap-
proached in a different manner in
that not only was a reduction in
physical size sought, but an at-
tempt was made to eliminate pro-
duction techniques that had de-
leterious effects on valve quality.
These primarily resulted from the
high temperature fusion of the
glass base and bulb during the
sealing operation. In the Miniature
all-glass construction, not only had
the effects of the products of com-
bustion on the electrode structure
to be tolerated, but also very soft

base pins had to be used to pre-
vent glass distortion and strain.

i

The European solution to these
problems involved a technique
wherein the bulb was joined to a
moulded glass base fitted with
rigid base pins by the use of a low-
temperature glaze seal. This con-
struction was employed in the
“Rimlock” series, a small number
of which were made in Australia
for study purposes.

Innoval—An Australian
Development

Contemporary American develop-
ment at that time produced the all-
glass Noval series, which were
similar to the 7-pin Miniature
series except for the slightly larger
bulb diameter and the nine base-
pin connections. One disadvantage
of the European “Rimlock” series
was the fact that the base incor-
porated eight equally spaced pins,
requiring a base locating device
and a fairly expensive socket. Both
the American 7-pin Miniature and
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the 9-pin Noval constructions em-
ployed uneven base-pin spacing,
providing self-location with corres-
pondingly cheaper sockets.

In Australia, the advantage of the
9-pin Noval base and the manu-
facturing techniques of the Euro-
pean “Rimlock” construction were
combined to produce the now well-
known “Innoval” series of valves
introduced to this market in 1949.
There is no doubt that, at that
time, the Innoval construction
offered the closest approach to the
ideal valve construction then de-
vised, and it is only in recent years
that changes in production tech-
niques and internal structures have
improved the quality of the valves
made in the 7-pin Miniature and
9-pin Noval techniques to a stan-
dard comparable with that first
produced in the Innoval construc-
tion. At the present stage of de-
velopment, these constructions are
all utilised for the production of
Miniwatt receiving valves at Hen-
don, South Australia.

The Frame Grid

The Miniwatt range has always
been recognised as providing
valves with characteristics superior
to those of its contemporaries. In
the design and manufacture of
such valves it will be obvious that
to maintain uniformity of quality,
great demands are made on the
mechanical, electrical and chemi-
cal engineering aspects involved,
and the production techniques em-
ployed. Typical of the many ad-
vances in valve production tech-

nology introduced into Australia
during the past 25 years by Mini-
watt is the recent introduction of
the Frame-Grid construction.

The rigid frame-like structure of
the valve grid, with its centreless-
ground side rods and welded
rectangular-section cross-members
of molybdenum, accurately deter-
mines the dimensions of the
tension-wound tungsten grid wind-
ing wire to ensure:

(a) higher mutual conductance;

(b) lower equivalent noise resis-
tance;

(c) smaller spread in characteris-
tics;

(d) reduced microphony;

(e) great reliability,
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resulting in improved circuit per-
formance, particularly in VHF ap-
plications.

In the current range of Miniwatt
Preferred Valves for TV applica-
tions, four types embody the
Frame-Grid construction.

During the past 25 years, the Aus-
tralian production of Miniwatt
valves has kept abreast of world-
wide developments in valve con-
struction and production tech-
niques, all of which have been
aimed at making available a range
of valves designed to satisfy the
critical demands created by the
spread of electronics into its many
new fields of application. Austra-
lian engineering and production
personnel can be proud of their
contributions to the progress of
receiving-valve technology over
the past 25 years.
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TEMPERATURE
MEASUREMENT AND CONTROL

using Philips NTC Resistors

Negative Temperature Coefficient Resistors are
composed of oxidic materials having highly tem-
perature-dependent characteristics. Philips NTC
resistors are particularly suitable for industrial
applications where temperature is to be measured
or controlled in the range—70°C to -}-200°C.
Two applications are described: (1) an accurate,
linear, remote-indicating, direct-reading thermo-
meter covering the range 0°C to 100°C; (2) a fast-
acting, continuously-variable, remotely-controlled
electronic thermostat, with a switching accuracy
suitable for all but the most critical of industrial
temperature control applications, and an operat-
ing range of 20°C to 80°C.

+

= 4-5V.

1

TSET 100°C 1
! REF !

R. . 1K lin, R, 330
R.,: 27K R: 390
g“ ?)?go I:A fidtee B sl VXS Rs  NTC Philips miniature type
E 205 CEP/1K

graduated 0-100
S: push-button change-over Rs 600

switch Re 100 lin.
All resistors % W, 5% tolerance (Philips cracked carbon type
B8 305 05B).

Fig. 1. Circuit details of industrial thermometer.
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INDUSTRIAL THERMOMETER
Simple in principle, this device incorporates an NTC
resistor forming one arm of a Wheatstone bridge. Any
increase in the temperature of the NTC resistor de-
creases its resistance value, thus unbalancing the
bridge and causing a current to pass through a meter
connected across it.

NTC resistors exhibit an approximately exponential
temperature dependence which may be expressed by:
R = A eB/T

where R = resistance value
at T = absolute temperature,
A, B = constants for a particular resistor,
e = base of natural logarithms.

Thus the scale of any direct-reading instrument would
be non-linear, and some form of compensation is de-
sirable. A high degree of linearity can be obtained
by suitable selection of shunt and/or series com-
ponents in the NTC arm of the bridge, but the result-
ing improvement in linearity is obtained with some
sacrifice in sensitivity.

The sensitivity of the circuit can be improved by in-
creasing the battery voltage. However, care must be
taken to ensure that the current flowing through the
NTC resistor is kept low, as heat generated by exces-
sive current can be a source of error in itself.

A practical circuit for the range 0°C to 100°C is
shown in Fig. 1, and has an overall linearity within
2% referred to full scale deflection. A miniature glass-
mounted bead-type NTC resistor is used to achieve a
short thermal time constant. This NTC resistor has a
nominal value of 1000 @ at 25°C, and is shunted by a
390 @ carbon resistor chosen to be equal in value to
the nominal NTC resistance at 60°C. This choice was
based on measurements involving many NTC samples.

A 50 pA FSD meter, calibrated 0 to 100°C and having
an internal resistance of 2500 @, was used for indicat-
ing the temperature. At full-scale meter deflection,
the total current drawn by the bridge is 3.9 mA. The
use of a fairly sensitive meter was found to be neces-
sary in order to obtain sufficiently large deflections
with the low battery voltage used and the low value
of resistance in shunt with the NTC.
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The function of the potentiometer R; in series with
the battery is to set, and thereafter maintain, correct
bridge supply by compensating for drop in battery
voltage occurring with normal usage.

The bridge was calibrated against an accurate mer-
cury thermometer, the initial setting-up procedure
being as follows:

(1) The NTC resistor is first placed in a bath at a
temperature of 0°C and with switch S, set to
“READ”, the bridge is balanced by adjusting
“0°C CAL.” control Ry. This preset potentiometer,
which sets the lower limit calibration, should re-
quire no further adjustment in normal circum-
stances.

(2) The NTC resistor is then placed in a bath at
100°C and the potentiometer R, adjusted to give
full-scale deflection of the meter. This sets the
upper limit calibration.

(3) The procedures (1) and (2) should then be re-
peated to check the calibration.

(4) The switch S, is then set to “100°C REF.”, and
with the NTC resistor placed in the bath at
100°C the meter is adjusted to full-scale by
means of the preset potentiometer Rs. The pur-
pose of this preset adjustment is to provide a
reference with which to check for inaccuracies
arising from incorrect battery voltage. The bridge
is now calibrated.

Before each set of readings, the switch S; should be
set to “100°C REF.” and the potentiometer R, ad-
justed to give full-scale deflection of the meter. With
the switch changed over to the “READ” position the
bridge is then ready for use.

The temperature range adopted for the present ex-
ample is 0°C to 4-100°C. However, other ranges can
be provided within the limits —70°C to -+4200°C,
when using Philips NTC resistors.

ELECTRONIC THERMOSTAT

The unit described hereunder (Figs. 2 and 3)
possesses several important advantages over a common
thermal switch (“thermostat”):

(i) Temperature control is accurate and continu-
ously variable. Furthermore, the controlled tem-
perature can be set at a remote point.

(ii) The thermal time constant of the sensing ele-
ment is small.

(iii) The resistance of additional lead lengths in re-
mote control applications is negligible compared
with the NTC resistance.

The choice of a Philips Premium Quality twin-triode,
type ECC186, for switching the relay which controls
the heaters was based on the following:

(a) The extremely close control on the characteristics
of all Philips Premium Quality tubes—especially
in relation to the cutoff bias.

(b) Emission is not impaired by long periods in the
cutoff condition.
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(c) High input resistance, reducing additional load-
ing on the sensing and control network contain-
ing the NTC to negligible proportions.

(d) 240V AC will normally be available in the re-
mote control centre.

(e) The relay operating current is easily handled,
and in an economical fashion.

(f) The regenerative switching of the Schmitt Trig-
ger results in “snap-action” of the relay, reducing
arcing at its contacts arising from any inductive
effects in heater elements. Also, the performance
of the controller is essentially independent of that
of the relay.

(g) The Schmitt Trigger circuit is independent of
supply voltage over a wide range.

The standard relay chosen is fitted with two 240V,
8 A contacts, and can be used to switch small heating
elements directly. For switching larger powers these
contacts can be used to switch heavy-duty contactors.
The control setting of the thermostat described is
readily adjustable within the range 20°C to 80°C. The
controlled system or switching accuracy is +=2°C for
normal conditions, and =4°C under adverse condi-
tions when using a standardised scale. For an indivi-
dually calibrated scale the accuracy is approximately
+1°C under normal conditions.

Principle of Operation

The control circuit proper consists of a resistive com-
bination in shunt with the DC voltage supply. The
NTC resistor forms part of this, and it constitutes the
temperature sensing element. As the temperature
applied to the NTC resistor varies, the voltage divi-
sion across the elements in the resistive combination
varies. This actuates the Schmitt Trigger, which oper-
ates the relay when the temperature falls below a
preset level, and releases it when the temperature
rises above another preset level. In the steady state,
the controlled temperature will thus cycle between
corresponding limits (the “temperature differential”).

Fig. 2. Industrial electronic thermostat.




The differential is controlled by R,, chosen as a
compromise between control accuracy and other prac-
tical considerations. If now a step change in the set-
ting of Rg is introduced, the voltage applied to the
grid of Vi, will fall outside the above limits and heat-
ing or cooling will be introduced (via R:1) until the
NTC resistor has adjusted its resistance sufficiently
for cycling to be resumed. The potentiometer Rg in-
corporates a scale calibrated in controlled temperature.

The operation of the Schmitt Trigger is briefly as follows:

Assume initially that Vi is cut-off by the input potential
applied to its grid. Maximum current is then flowing in Vs
and the plate current of Via is held cut off by the resulting
potential drop across the common cathode resistor Ri.. When
the input voltage at the grid of Vi rises sufficiently to over-
come the cutoff bias level established by R, plate current will
start to flow in Vis, applying bias to the grid of Vis. This
causes a reduction in the plate current of Vis, which in turn
lowers the common cathode potential, driving Vis further into
conduction and Vis further into cutoff. This regenerative
switching action results in an extremely rapid change from one
state to another. The relay R, acts as the plate load of Vis.

+150V. ; Ru

TO HEATING

:,RU'Z}:LEMENTS

AAAA
e
©

2 Rg 470K
Via V18
T JECC186 3 ECC186

Rio3 R
o 2:2M

Parts List

If the miniature bead-type NTC resistor replaces the rod-type NTC
resistor in the circuit, the alternative component values printed in
italics must be used.

Ry
R.

Rs
Rq

47K, 3W Rs 20K lin.

100 K 100 K lin.
220 K Rs 100K lin.
82K,1W R: 100K, 1W
680 K 820 K

NTC, Philips rod-type Rs 100K, 1W
B8 320 07P/150K Rs 470K, 5%
NTC, Philips miniature R 220, 1W, 5%
type E 205 CEP/680 K Ru 2.2 M, 5%

All resistors 10% and % W cracked carbon (Philips B8 305 05 range)
unless otherwise stated.

Cy, 2 100 #F, 200 VW, UCC type ETD155 or Ducon type

EMG 10145
C; 1 wF, 125V, Philips polyester C 296 AA/AIM
D: D, OA210
T, Power transformer : 115 V secondary, e.g. A & R 2062
Ri:  Relay : 10 K coil; 55 V operation; two sets 240 V, 8 A contacts;

e.g. Relays Pty. Ltd., type 6R.

Fig. 3. Circuit details of electronic thermostat.
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Constructional Details of Probes

Two different probes have been constructed for the
circuit of Fig. 8. The first is a glass-mounted minia-
ture bead-type NTC Resistor (E 205 CEP/680K)
“thermometer type”. It responds rapidly to changes
in temperature and can be used without addi-
tional precautions, even in corrosive and conducting
environments,

The second type of probe is a small rod-type NTC
resistor (B8 8320 07P/150K) mounted in an oil or sili-
cone-grease filled copper tube as shown in Fig. 4. An
alternative mounting method would be to place the
NTC resistor inside a drilled brass screw which could
then be filled with silicone grease (which provides
low thermal resistance). This would then allow direct
mounting to the wall of a metal container. The rod
type of NTC resistor is cheaper and more robust than
the bead type, but has a slightly longer response time.

Each NTC resistor requires an individual resistive
network with which to actuate the Schmitt Trigger.
The series-parallel arrangements of resistors in these
networks are used to linearise the scale, and also to
provide a means of compensating for the resistance
spread of each type of NTC resistor (=20% at 25°C).

The practical construction of the complete unit is
shown in Fig. 2.

Thermostat Calibration

Initial calibration of the scale is carried out against
an accurate mercury thermometer. Upper tempera-
ture calibration is set by potentiometer R; which is in
series with the NTC resistor. This control has suffi-
cient adjustment so that a standard scale can be used
for all NTC resistors within the two extreme manu-
facturing tolerance limits. For example, if an NTC
resistor with a resistive characteristic which is the
mean of the two extreme manufacturing tolerances is
placed in the circuit, then the potentiometer R; will
be at about the centre of its rotation.

The full procedure for scale calibration is as follows:

(1) Rs is set to its mid position.
(2) The probe is placed in a bath at 20°C.

(8) Rg is rotated until the relay just closes and the
lower limit of the scale (20°C) is marked at this
point,

(4) A resistor is substituted for the NTC, its value
being equal to the nominal value of the NTC at
80°C. (10K @ for B8 320 07P/150K or 100K @ for
E 205 CEP/680 K).
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Fig. 4. Probes for use with Electronic Thermostat:
(left) “Thermometer type”, (right) rod-type NTC
mounted in silicone-grease filled tube.

(5) Ry is rotated until the relay just closes and the
upper limit of the scale (80°C) is marked at this
point.

(6) The NTC resistor is then replaced, and inserted
in a bath at 80°C.

(7) With Rg in the same position as determined in
(5), Rs is adjusted until the relay just closes.

(8) The procedures in (2), (8), (6) and (7) are re-
peated to ensure accurate setting of the two
limits, since the lower limit calibration will be
changed slightly by the adjustment of R;, per-
haps necessitating a slight orientation of the scale
in the process.

(9) The scale can then be calibrated within the two
set limits by varying the bath temperature and
setting Rg to just close the relay.

With the circuit calibrated in this way, the relay con-
trolling the heating element will operate whenever
the temperature falls below the predetermined value
on the scale.

The differential between relay pull-in and relay drop-
out is about 3°C for the bead-type NTC resistor cir-
cuit, and about 4°C fo1 the circuit using the rod type
of NTC resistor. The differential for both types of
NTC resistor will increase near the upper temperature
limit, because the change in absolute value of resis-

March 1962

tance is smaller at higher temperatures. It is this
factor which places a practical upper limit on the
operating range of the thermostat. The differential is
also affected by variations in supply voltage. How-
ever, if the variations do not exceed *6% the effect is

negligible.

Power Supply

The power supply is a conventional voltage-doubling
circuit, with the centre-tap of the capacitive network
earthed to provide the desired positive and negative
voltages. The circuit arrangement results in a slight
unbalance of current, because the positive voltage
side will have to provide the plate current for Vis
and Vig. The effect is negligible, however, as the total
current drain is small. A bleed resistor (R;) is placed
across the supply to improve regulation.

Thermal Time Constant

The following tests have been carried out to find how
the accuracy of control is influenced by thermal time
constant.

With the probe inserted in a bath at 35°C, the poten-
tiometer Rg is adjusted to the calibrated value of
40°C. The probe is then quickly removed from this
bath and immersed in a bath at 45°C. The time from
the change of baths to the time of relay operation is
measured. The delay times obtained in this way are
checked by changing from the baths in the opposite
direction. The delay times should be the same in both
directions.

The following times have been measured according to
this method:

Miniature NTC type E 205 CEP/680K . .
Rod NTC type B8 320 07P/150K

<0.5 secs.
4.5 secs.

Summary

The versatile electronic thermostat described above is
easily constructed and calibrated. It is suitable for use
in many industrial applications, especially those in-
volving temperature control of fluids.

The controlled temperature can be adjusted remotely
using a continuously-variable calibrated dial. This is
particularly important when the sensing element is in
an inaccessible position.

(This investigation was carried out in the “Miniwatt” Elec-
tronic Applications Laboratory by A. C. Denne, with acknow-
ledgment to earlier unpublished work carried out in overseas
Concern laboratories.)
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A New Valve Technique

—Philips Nuvistors

Philips industrial Nuvistors, types 7586 and 7587, are the fore-
runners of a range of electron tubes differing radically in construc-

tion from the conventional.

They extend the Philips range of

established Premium-Quality Tubes in critical applications where
circumstances demand very low power drain and small dimen-
sions (approaching those of comparable transistors), together with

the advantages of premium-grade electron tubes.

Such critical

circumstances are frequently encountered in the design of indus-
trial, medical, military and communications equipment.

PHILIPS 7586
Premium-Quality Medium-Mu
Nuvistor Triode
(Abbreviated Data)

General Electrical Data

Heater voltage
6.3 +=10% V
140 mA

Heater current

Actual Size

U
400 MAX

ok

@ S B —
INDEX =LARGE LUG -"—‘.? ¥
*=PIN CUT OFF ke & i
440 MAX _J

Direct Interelectrode Capacitances
Grid to cathode, heater

and shell .. 4.0pF
Plate to cathode, heater

and shell 1.4 pF
Plate to grid 2.2 pF
Plate to cathode 0.2 pF
Heater to cathode .. 1.4 pF

Maximum Ratings (Absolute maximum)
Plate voltage .. v 1OV
Plate dissipation .. .. 1W

Plate current .. 20 mA
Typical Characteristics
Supply voltage .. .. 265 75V
Plate current aiol w0 2:80 < 1OE5A
Cathode resistor .. .. — 130Q
Mutual conductance .. 7.0 11.5 mmho
Grid voltage at plate cur-

rent 10 HA el — —6.5V
Amplification factor .. 31 33

PHILIPS 7587

Premium-Quality Sharp-Cutoff
Nuvistor Tetrode
(Abbreviated Data)

General Electrical Data

Heater voltage

63 +=10% V
Heater current 150 mA
a0
i ( Y
METAL |
o g
A0 i
& CYLINDER
= e
L S METAL |
NS~ 24 B
X,(‘:/ e e==h
e J )

~tag'Max

Direct Interelectrode Capacitances
Grid No. 1 to cathode, grid

No. 2, heater and shell 6.5 pF
Plate to cathode, grid No. 2,

heater and shell 1.4 pF
Plate to grid No. 1 0.01 pF
Heater to cathode 1.4 pF

Maximum Ratings (Absolute maximum)

Plate voltage 250 Vv
Plate dissipation 22w
Cathode current 20 mA
Typical Characteristics

Plate supply voltage 125V

Grid No. 2 supply volfage .. 50V
Plate current .. 10mA
Grid No. 2 current .. 27mA
Cathode resistor .. 68 Q
Grid No. 1 wvoltage at plafe

current 10 pA T
Mutual conductance

—4.5V
10.6 mmho
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Nuvistors are Premium - Quality
electron tubes constructed accord-
ing to a new all-metal-ceramic
technique. The electrode system is
of concentric cylindrical construc-
tion, with each electrode supported
by conical or disc-shaped heat-
radiating elements. Each of these
elements is in turn supported by
three rigid support pins anchored
into the ceramic base.

The electrodes proper are light, self-
supported structures, resulting in
tubes which are extremely insensi-
tive to shock and vibration, and
which maintain good inter-elec-
trode insulation throughout life.

All connections are brazed at tem-
peratures in excess of 1000°C in an
atmosphere of hydrogen. Evacua-
tion of the tube, and brazing of the
envelope to the metallised ceramic
base wafer, is carried out at ap-
proximately the same elevated tem-
perature. By such means an ex-
tremely high degree of degassing is
achieved, meeting an important
condition for long-life operation.
Furthermore, since all parts of the
Nuvistor are simultaneously ex-
posed to the same high tempera-
ture, a stress-free assembly results.

High Ambient Operation

Good thermal conduction, via
brazed connections, allows the
large-area heat-radiating electrode
supports to become fully effective.
Thus thermal loading of plate and
grids remains low, making it pos-
sible to operate the Nuvistor at re-
latively high ambient temperatures,
the steel construction of the en-
velope contributing towards this.

Low Heater-Power Requirements

The cathode cylinder, constructed
of “low interface” nickel, is suppor-
ted by the cathode cone via a
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length of thin-walled nichrome tub-
ing. This results in low end-
cooling of the cathode, providing
a uniform cathode temperature
with substantially reduced heater
requirements. Further, a coiled-
coil heater construction has been
adopted in order to obtain a thick,
reliable, heater element.

Uniformity and Reliability

The structure of the Nuvistor per-
mits automatic assembly of parts
made to extremely close tolerances.
The heat-forming operation on the
assembled electrode structure is
carried out with the precision as-
sembly jig still in place. This, to-
gether with the fact that all parts
are uniformly exposed to the same
elevated temperature, ensures the
production of strain and distortion-
free assemblies, possessing a high
degree of uniformity from tube to
tube. Furthermore, this will be
maintained over a wide range of
temperature.

The high degree of degassing, to-
gether with high order insensitivity
to shock and vibration and ability
to withstand elevated ambients, all
combine to ensure long-life expec-
tancy.

Performance

Additional features, resulting from
the basically new design, are high
mutual conductance at low plate
currents and voltages, and the
ability to operate at full ratings at
any altitude. Low noise factor and
good high-frequency performance
are also obtained.

Fields of Application

Philips Nuvistors are eminently

suited to professional applications

where combinations of the follow-

ing circumstances apply:

{Jextremes of ambient tempera-
ture and pressure.

[ conditions of extreme shock or
vibration.

O limited space availability.

Osupply limited to low voltage
and low power-handling capa-
city.

O applications where long life,
interchangeability and stability
(characteristics of the Philips
Premium-Quality range) are
essential factors.
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CUT-AWAY VIEW OF A NUVISTOR TRIODE

“LT

13

Component parts from which a Nuvistor triode is built up. The
cylindrical structure can be clearly seen:

1. Heater 8. Cathode flange

2. Cathode support 9. Ceramic base wafer

3. Cathode 10. Connecting pins

4. Grid 11. Electrode system mounted on ceramic
5. Plate base wafer

6. Plate flange 12. Brazing ring

7. Grid flange 13. Mounted Nuvistor with metal shell

eMiniwadt” DIGEST
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Power Supply Arrangements
for
Transistorised Mast-Head Amplifiers

In the previous issue of the "Digest”’, several
fringe-area mast-head units using the transistor
AF102 were described!). These low-noise devices
boost the signal before it undergoes attenuation
in a long down-lead, resulting in an improved
signal-to-noise at the tuner input. In certain cases,
deterioration of unshielded balanced line can be
severe, resulting in greatly increased signal atten-
vation and poor reception. For this and other
reasons, low-loss 75 Q cellular polythene co-
axial cable output connection was recommended.
This also provides an ideal means for supplying
DC to the aerial unit. A number of simple alter-
native methods for supplying this DC is con-
sidered.

DC Requirements and Permissible Deviations from
Nominal Voltage

In order to feed the aerial unit, +-9 V DC has to be
supplied to the mast-head via the inner conductor of
the coaxial cable. Current drain of the aerial units
will vary from about 5 to 10 mA, depending on the
number of stages, and Iy adopted for each stage. It
will also depend on the number of fringe aerial
systems in operation.

A variation in supply voltage produces variations in
the AF102 admittance parameters—both directly,
arising from the altered collector voltage, and in-
directly, due to the changed Ig. Resulting fluctuations
in g2 and Cs, will tend to affect the bandpass and
tuning. However, both parameters fall with decreas-
ing Ik, and rise with decreasing voltage. Thus a com-
pensation results, and #20% fluctuation in the nominal
49V DC produces insignificant changes in response.
The supply arrangements of Fig. 3 yield a nominal
9.2V DC, the limits being well within the above
tolerance.
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Distribution

As power gains greater than 20 dB have been achieved
in the aerial units previously described, distribution
of the signal to about four TV sets is feasible. How-
ever, should more than one TV set be operated from
a given fringe aerial installation, a problem is intro-
duced. Unless special arrangements are adopted, if
a viewer were to switch off his set (controlling the
mast-head unit) he would disrupt viewing at all other
sets. However, the majority of installations will
involve only a single set.

Distribution on a 75 @ unbalanced basis has the ad-
vantage that the separate coaxial feeders can be
passed through conduit, etc. However, should there
be only two sets served, and these within one house-
hold, distribution on a 300 @ basis may be preferred.

Supply Source External to a Set
Dry Battery Supply

The principal disadvantage of using a 9V battery is
that it may not be disconnected when reception is not
desired. However, a battery which will provide at
least 1000 hours of continuous operation is fairly
small, and can be incorporated in an “adapter unit”
as shown schematically in Fig. 1. Such a unit can be
conveniently, and inconspicuously, hung on to the
back of the set.

Where more than one TV set is used, the signal arriv-
ing via the 750 down-lead is distributed, and con-
verted to balanced signals at each set by means of
“balun” transformers (T») as previously described’.
A low-inductance earthing connection between
adapter unit and tuner is provided by means of the
braid of a short length of 75Q coaxial aerial cable.

For simplicity, switching from local station to fringe
installation is depicted as a simple plugging operation.
However, suitable switches can be devised, which
would also make allowance for strapping R, (82 Q)
between an unbalanced terminal of T, and ground
when the tuner is disconnected from “A”.
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DC Supply Arrangements for Mast-Head Amplifier

MAST-HEAD LOCAL
AMPLIFIER AER!AL
4

1 3000

=

TV RECEIVER

Fig. 1. Supply arrangements when dry battery used.

l p
|
|
[
(!
| 2
| TUNER
\

4
63V AC

Fig. 2. Supply arrangements when 6.3V AC (within set) is

utilised.

-LC‘I%)O F 53«2212 -|-
;A
é 3

Ck

TUNER

TV RECEIVER

Fig. 3. Supply arrangements when voltage drop across cathode
resistor is utilised.

PARTS LIST
C. 100 «F electrolytic, 40 V peak working. R. 2209, +5%, Philips type B8 305 05B/220E.
C. 100 éLF;)Oelectrolytic, 16 V working, Philips type C426A. R. 829, +5%, Philips type B8 305 05B/82E.
M/E100.

. - Y, . T, Blocking oscillator type transformer: e.g. Ferguson type
C:. 820 pF Philips ceramic feed-through type C309BB/R820E. TBB 117, wdgs. 3%/1 with resistances 2102 and 80.6 ¢
D. Germanium diode type OA8I. respectively.
D. Silicon Zener diode type OAZ212. T. 10t 24 B/S enam. copper, centre-tapped, wound bifilar on

L. Philips Ferroxcube-cored choke type VK200.10/4B.

March 1962

Ferroxcube bead-type 56.390.31/4B.
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Decoupling of the DC supply is achieved by means
of the low-pass filter (L;, C3) and capacitor C;. These
components are all wide-band, L, being a Ferroxcube-
cored choke, the capacitors being Philips tubular
ceramic feed-through types.

Supply Source from Within a Set

(a) Turns Overwound on Horizontal Output
Transformer

Even in the case of stabilised horizontal systems this
arrangement is not very practical for the following
reasons:

(i) The fact that an EHT point is approached in
order to obtain the required low-voltage supply
is far from ideal.

(ii) The exact number of turns required will de-
pend on the particular set, of the order of 10
turns being usual.

(iii) For safety reasons, the wire forming the wind-
ing would have to be insulated to withstand a
voltage of the order of 18 KV. This introduces
additional problems in that a thick winding will
not tend to “lie”, and so may come within close
proximity to the EHT overwind itself. Corona
disturbances may then be introduced into the
aerial supply unit.

(iv) Because of the low duty cycle, a more expen-
sive diode with a higher PIV rating would be
essential for rectifying the alternating voltage.
This waveform, rich in higher harmonics, could
also introduce spurious signals into the aerial

supply unit.

A satisfactory arrangement could no doubt be devised
in the laboratory, but conditions in the field will not
be as favourable, and it is for the above reasons that
this possibility will not be considered further.

(b) 12.6 V AC Heater Supply

This is usually only available in sets employing a
special type of picture tube. A separate 240/12.6 V
transformer would, after rectification, provide suffi-
cient DC voltage. However, arrangements (c) and
(d) described below are considered superior.

(¢) 6.3V AC Heater Supply

This is almost universally available, but if not
stepped-up will be of insufficient magnitude to supply
the 9V DC required. However, a small inexpensive
standard blocking-oscillator transformer can be used
for such a purpose, and such has been utilised in
Fig. 2. However, the nominal 9V DC figure is
obtained with a current drain of 5mA (single-stage
amplifier), and for currents in excess of this a larger
transformer will be required. With normal mains
fluctuations, the 9V figure holds to within = 10%.

Adequate supply filtering is provided by the RC
pi-filter (R;, C;, C:) and decoupling of the signal
from the supply is achieved by means of low-pass
filter (L,, C;) and capacitor C, as described above.
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A short length of 75 coaxial aerial cable is recom-
mended for interconnecting the adapter umit to the
6.3V AC supply. This will provide shielding from
possible spurious signals which could enter the adap-
ter unit from the set.

(d) Voltage Developed across a Cathode Resistor

In considering a suitable point, the audio and vertical
output stages appear most suitable. A number of
existing sets employ the 6BM8 in these applications,
and from +12 to +17V DC will be available at a
valve cathode. However, heavy 50 c¢/s peak currents
are present in vertical output stages, and filtering
additional to that existing in the set will then prob-
ably be essential. The 6GWS8 in audio output service
will not provide a sufficiently high voltage. However,
the 6GV8 in vertical deflection service will be suitable.

Generally speaking, however, a suitable cathode
source will be available, and this will range from
about 10 to 19 V with 13 and 17 V being common for
audio and vertical output stages respectively.

The adapter unit presented in Fig. 3 employs similar
decoupling arrangements to those used in Fig. 2.
However, it possesses several advantages:

(i) No additional transformer is required, and an
electrolytic capacitor is saved.

(ii) The OAZ212 Zener diode, an inexpensive
=+16% unit, maintains a DC supply of 9.2 +16%
for source voltages enumerated above, and for
load currents within the above 5 to 10mA
range.

(iii) Installation problems are eased. It is only
necessary to disconnect Rk and, with the
adapter unit connected, insert a variable resis-
tor set to approximately the correct value, and
to adjust it for the cathode potential pre-
viously existing. All that is then required is
that the potentiometer be replaced by a resistor
equal in value to its final setting.

(iv) A known fixed degree of additional supply
filtering is introduced (R;, C,).

(v) Inadvertent application of voltage of incorrect
polarity will cause the OAZ212 to conduct in
the forward direction, thus protecting the mast-
head unit.

(vi) C, and Cj; provide low- and high-frequency
bypassing respectively for noise introduced by
the Zener diode (such being common to all
discharge-type regulating devices). ‘

The adapter units described in Figs. 2 and 3 can be
provided in small compact assemblies which can be
fitted to the rear of the set. However, if potting is
employed, the potting compound should be chosen so
as not to affect the R} performance.

Reference

1. A. J. Erdman and N. A. Steadson, Transistor Operation
at 200 Mc/s, the AF102 in Mast-head Amplifier Design,
Miniwatt Digest, Vol. 1, No. 5, Feb. 1962,
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Technical fooks

The Philips Technical Library comprises some sixty titles in such
fields as Radio, Television, Industrial Electronics, Tube Applica-
tions, Lamps and Lighting, Semiconductors, Ferrites, Radio-
graphy, Metallurgy, Mechanical Engineering and various
scientific topics. These books are written by experts within the
Philips organisation. A full list of titles will be published in a
later issue, while from time to time, specific groups of books on
a particular subject will be reviewed.

Four Books on Industrial Electronics

INDUSTRIAL ELECTRONICS
HANDBOOK
by R. Kretzmann

Third Enlarged
Edition.

322 pages,

6” X 97,

338 illustrations.
Cloth binding.
Price £2/11/5
posted to
Australian
addresses.

An up-to-date book at professional
level describing the principles and
properties of various classes of
electron tubes and transistors, with
typical applications and circuits.
The contents include:

Part I—The Tubes and their Basic
Circuits.

. Amplifying and Transmitting Tubes.
. Rectifying Tubes.

Thyratrons.

Senditrons.

Ignitrons and Excitrons.

. Voltage-Stabilising Tubes.

. Photocells.

. Trigger Tubes.

. Cathode-Ray Tubes.

Part II—Electronic Devices for
Industrial Purposes.

10. Electronic Relays.

11. Electronic Counting Circuits.

12. Electronic Timer.

13. Industrial Rectifier Circuits.

14. Electronic Dimming of Lamps.

15. Speed and Temperature Control.

16. Electronic Control of Resistance
Welding.

17. Electronic Motor Control.

18. High Frequency Induction Heating.

19. High Frequency Capacitive Heating.

20. Electronic Apparatus for Special
Purposes.

21. Transistors.

0 00 N1 UL L 10
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INDUSTRIAL ELECTRONICS
CIRCUITS
by R. Kretzmann

200 Pages,

6” X 97,

206 illustrations.
Cloth binding.
Price £2/9/5
posted to
Australian
addresses.

This book contains over 100
selected circuits which have been
proved in practice. Full circuit
descriptions and numerous photo-
graphs and drawings clarify the
design features of the apparatus.

The contents include:

. Photoelectric Devices.

. Counting Circuits.

. Stabilising Circuits.

Contact and Control Devices.

. Oscillator and Amplifier Circuits.
. Full-Wave Circuits.

INDUSTRIAL ELECTRONICS
APPARATUS
by P. van der Ploeg

D YT L3 DO

116 Pages,

5%" X 8§H'

22 illustrations.
33 illustrations on
art paper.

Paper binding.
Price 13s. 8d.
posted to
Australian
addresses.

This book is written for the main-
tenance and repair technicians in
this field. It illustrates steps in the
design which give a clearer under-
standing of the technicalities which
confront the construction or main-
tenance officer. Contents include:

. The Function of the Equipment.
. The Laboratory Test.

. The Prototype.

. Introduction.

. Installing the Equipment.

. The Purpose of Maintenance.

. Maintenance.

. Fault-Finding.

upplement: Electronic Tube Data.

THYRATRONS
by C. M. Swenne

OO =1 UL LI 10—~

82 pages,

5347 % 8 % ”,

68 illustrations.

4 plates.

Hard paper-board
cover.

Price 18s. 2d.
posted to
Australian
addresses.

This book, suitable for both the
engineer and the technician,
describes the principles of thyra-
tron operation and gives applica-
tion and operational details. Con-
tents include:
1. Physical Principles.

Construction.

Operation.

Operating Thyratrons.
2. Electrical Characteristics.

The Ignition Characteristic.

Horizontal Control.

Vertical Control.

Influence of Spreads.

Pulsed Operation.

Parallel and Inverse-parallel

Operation.

Three-phase Operation.
3. Basic Circuits.

Grid-control Circuits.

Anode Circuits.
4. Applications of Thyratrons.

Relay Circuits.

Electronic Timers.

Controlled Rectifiers.

AC-Control Circuits.

DC-AC Inverter.
Technical Data.

Philips Technical Publications
are available from leading book-
sellers or from any of the ad-
dresses listed on the back cover.
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PHILIPS

@ ELECTRONIC VALVES AND TUBES

@ SEMICONDUCTOR DEVICES
® CATHODE-RAY TUBES

@ LIGHT-SENSITIVE DEVICES
® TEMPERATURE-SENSITIVE DEVICES

@ FERRITES
@ RADIATION-SENSITIVE DEVICES

® FINE WIRES
® SPECIALIZED COMPONENTS AND DEVICES

@ SPECIALIZED MATERIALS
® TECHNICAL PUBLICATIONS

For Use in the Fields of—

ENTERTAINMENT — COMMUNICATIONS — [INDUSTRY

COMMERCE — MEDICINE — SCIENTIFIC RESEARCH
AND DEFENCE




