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SECTION 1: BASIS OF TESTING PRACTICE

(1) Fundamental physical properties,

(ii) Basic functional characteristics.

(iii) Fundamental characteristic tests.

(iv) Valve ratings and their limiting effect on operation :
(A) Limiting ratings.
(B) Characteristics usually rated.
(C) Rating systems.
(D) Interpretation of maximum ratings.
(E) Operating conditions.

(v) Recommended practice and operation :
(a) Mounting.
(b) Ventilation.
(c) Heater-cathode insulation.
(d) Control grid circuit resistance.
() Operation at low screen voltages.
(f) Microphony.
(&) Hum.
(h) Stand-by operation.
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(i) Fundamental physical properties

The characteristics and operation of a high vacuum oxide-coated cathode- or
filament-type valve under normal conditions of operation, initially and throughout
life, are determined primarily by the following fundamental general physical proper-
ties —

(a) the vacuum within the envelope surrounding the cathode and electrode struc-
ture.

(b) the total available cathode emission and uniformity of activation of the
cathode surface.

(c) the geometrical configuration of the electrode system.

(d) the electrode contact potentials with respect to the cathode.

(e) primary and secondary emission from electrodes, other than the cathode.

(f) the interelectrode admittances.

(g) the stability of the electrical characteristics.

(h) the stability, robustness and durability of the mechanical construction.

(i) the external size and shape, and the system of electrode connections,

The maintenance of a satisfactory vacuum under maximum rating conditions and
continued operation, together with the availability of an adequate cathode emission
under all prescribed electrode conditions and normal variations of heater/filament
power, are essential to the fundamental operation of a valve, since an activated cathode
surface requires a certain degree of vacuum to be maintained for its emissive properties
to remain unimpaired, while the emission available from the cathode must always be
sufficient to supply the total peak and average space currents required.

At the same time, it is necessary that the cathode surface be uniformly activated
over the regions from which emission current is supplied, since the parameter trans-
conductance is directly proportional to the activated cathode area.

The electrode geometry determines the electrical static and dynamic character-
istics, within the limitations imposed by the available cathode emission, to the extent
1o which the emission is incompletely space charge limited and the capacity of the
gettering to maintain a satisfactory vacuum.

Electrode contast potentials and electrode primary and secondary emission
depend upon the clectro-chemical condition of the electrode surfaces. This is deter-
mined usually by the extent to which contamination of these surfaces has occurred
during manufacture or operation, due to the deposition of active material from the
cathode or getter. Contact potential is of importance in the case of a low- or zero-
voltage electrode since it may contribute a sufficiently large fraction of the total
electrode voltage to modify significantly the characteristics determined by the electrode
geometry and applied electrode voltages alone.

Primary and secondary electrode emission may occur if electrode temperatures
become sufficiently high and the deposited films of active material in combination
with the electrode material have a low work function. The effect on operation of
primary or secondary electrode emission depends on the value of resistance in series
with the emitting electrode.

The interelectrode short-circuit admittances are determined both by the
geometry of the electrode construction, the d.c. and r-f properties of the insulation
supporting the electrode system and electrode connections, and the frequency and
conditions of operation. The susceptive components are dependent mainly on the
interelectrode and lead capacitances and inductances. The conductive components
are due 1o transit-time effects and the interelectrode resistances which are determined
mainly by the d.c. resistance of the interelectrode insulation, but may also include a
frequency-dependent component. The d.c. insulation resistance is determined by
the surface condition of the electrode supports (mica, glass, ceramic), the extent to
which contamination of these surfaces has occurred, and also by leakage between
electrode leads within the base or between base pins due to leakage over or through
the base material. A high value of interelectrode resistance is required throughout
the life of a valve in order to avoid—
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(1) uncontrolied changes in electrode voltages supplied through series resistive
circuits from the electrode voltage source, due to,the flow of leakage conduction currents
through or across the intetelectrode insulation from higher to lower voltage electrodes
and thence through the externally connected circuits to the negative terminal of the
electrode voltage supply. This characteristic is particularly important, e.g., in the case
of negatively biased control grids which obtain their bias through a high value of grid
resistor, and power dissipating electrodes which obtain their voltages through high
resistance series dropping resistors.

(2) noisy operation due to intermittent conduction under the conditions described
in (1).

(3) lowering the resistive component of the interelectrode admittances and thus
increasing the damping by the valve on resonant circuits connected between electrodes,
either directly or as a result of increased “ Miller Effect .

The interelectrode r-f resistance must also be high throughout the life of the
valve up to all normal frequencies of operation, in order to avoid damping high
impedance resonant circuits connected between electrodes. In general, it is determined
by the r-f properties of—

(a) the interelectrode insulation,

(b) films of active material deposited on the interelectrode insularion,

(c) the base material.

The stability of the electrical characteristics depends on the goodness of the
vacuum and its maintenance, stable emission from a properly and uniformly activated
cathode surface, stable electro-chemical surface conditions, high interelectrode
resistance, and the mechanical stability of the elecirode structure, Variations of any
of these characteristics throughout life produce changes in the valve parameters and,
through them, changes in circuit performance.

Two types of instability of electrical characteristics occur ; initial instability which
is sometimes experienced early in life due to incomplete or unsatisfactory processing,
and the normal gradual deterioration of characteristics dependent on emission, which
continues until the valve is no longer serviceable. Generally, the ultimate electrical
life of a valve which has been properly exhausted, which has a properly activated
cathode and which has been operated within its maximum ratings, depends mainly on
the cathode current at which it has been operated and the ability of the getter to prevent
deterioration of the vacuum and consequent * poisoning ” of the cathode emission,
by absorbing the gases produced in the cathode coating during operation, and also
the gases released from the electrodes, the walls of the envelope and other parts of the
internal construction during storage, and throughout life.

The stability, robustness and durability of the mechanical construction in
general determine the uldmate reliability and effective life of a valve, also the extent to
which electrical performance is affected by conditions of vibration or mechanical shock
under which it may be transported or operated and the ability of the comstruction to
withstand such conditions without mechanical failure.

(ii) Basic functional characteristics

Space current—When the cathode surface is raised to its normal emitting tempera-
ture, by supplying the required power to the filament or heater, and suitable voltages
are applied to the other electrodes, an electron space current flows from the cathode
emitting surface to the electrode system, its value depending on the electrode geometry
and the combined effect of the electrode voltages acting in the plane(s) of the control
electrode(s).

For electrode systems consisting of an inner control electrode adjacent to the cathode
and one or more outer electrodes, providing that a virtual cathode is not formed berween
the control electrode and the outermost electrode, the total space current from the
cathode may be expressed, generally, to a good approximation by the following
equation——

€2 €3 €y o/
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where ¢, = total cathode space current,
¢, = voltage of the first electrode,
€ = contact potential of the first electrode,
€ c9s € ¢3y
etc. = voltages of the successive outer electrodes,
¢, == voltage of the outer plate current collecting electrode,
t1— 2 = amplification factor of the first electrode with respect to the second
electrode,
#1- 3 = amplification factor of the first electrode with respect to the third electrode,
#i— » = amplification factor of the first electrode with respect to the outermost
electrode,
and G = perveance of the cathode-control-electrode region

- cathode area
A~ 233 X107% X (cathode-to-first-electrode spacing)?

In eqn. (1), the terms within the brackets represent the effect of the various electrode
voltages considered as acting in the plane of the first electrode, so that the sum of the
terms combined represents an ¢ equivalent electrode voltage . For purposes of space
current calculation, the factors depending on the geometry of the electrode system
and on the effect of the electrode voltages may thus be reduced to the perveance of the
cathode-to-first-electrode space and the equivalent electrode voltage acting in the plane
of the first electrode, so that the space current equation becomes—-

i, A& G [equivalent electrode voltage] *'? 2

The equations for the total cathode current in diodes, triodes, tetrodes and pentodes
follow directly from eqn. (1).

In the case of electrode systems having two control electrodes and which operate with
a virtual cathode before the second control electrode, as in converter and mixer
valves, the space current cannot be expressed in a simple form. Such systems may
be regarded as consisting of two separate but related systems, and reduced to equiva-
lent diodes, with the space current of the outer equivalent diode supplied from, and
controlled by, the space current of the equivalent diode adjacent to the cathode.

Generally, it can be stated that whatever the electrode system, the total space
current from the cathode depends primarily upon the total activated cathode surface
area, the total available emission, the cathode temperature, the extent of temperature
and space charge limiting of emission, the geometry of the electrode system and the
electrode voltages.

The distribution of the space current to the various electrodes depends only
upon electrode geometry, space charge effects and the electrode voltages and, in general,
cannot be expressed in a simple form,

In addition to the electron space current from the cathode, there are always some
positive ions present due initially to the presence of the infinitesimal traces of residual
gases remaining after the exhausting and gettering processes and, during life, to the
release of absorbed gases from the surfaces of the electrode structure and envelope
walls, and the gases produced as a result of physical-chemical changes occurring in the
cathode coating during the emission processes. The positive ions, so produced,
flow to the negative voltage electrodes and are prevented from bombarding the cathode
surface during operation, when space current is flowing, by collision effects and the
presence of the space charge surrounding the cathode.

A primary or secondary clectron emission current may also flow from the surface of an
electrode and represents a negative electrode current. Small positive or negative
leakage conduction currents, due to conducting or semi-conducting leakage paths
over or through the interelectrode insulation, may also contribute to the electrode
currents ; their values depend on the voltages of the electrodes concerned, and the
conducting properties of the contaminated surfaces or insulating material, and often
on their temperature. When the effects above are present, the total current of an
electrode is the algebraic sum of the positive and negative components.

Static Characteristics—The various electrical characteristics, which result from
the electrode geometry and the application of steady direct voltages only to the
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electrodes, with the cathode emitting, are termed ‘ static characteristics ”’. These
characteristics consist of—
(a) the voltage-current relationship for each electrode, when constant voltages are
applied to all remaining electrodes.
e.g., Diode, — I, — E,,
Triode, — I, — E,, E ,, constant
I — Eg,, E, constant
and similarly in the case of other types.
(b) the mutual voltage-current relationships between electrodes, when constant
voltages are applied to all electrodes except the voltage-varying electrode.

e.g., Triode, — I, — E E, constant
Pentode, — I, — E 4 E,, E, F ., constant
Iy — Eun E, E .5, E ., constant
I, —E, E,, E ., E ; constant

and similarly in the case of other types.

Derived Characteristic Parameters—By considering infinitesimal changes of
voltage and current of the static characteristics, described under (a) and (b) above, the
characteristic parameters—amplification factor, transconductance and variational plate
resistance are obtained, which are related as follows,

Amplification Factor

Plate Resistance

These characteristic parameters are derived by the following relations—

Transconductance =

31
transconductance = 3B 5 E, E ., E o constant 3
el
. 3E,
amplification factor = 5 E .3, E » constant C))
1
. SE, .
plate resistance :ﬁ 5 Ecy, E o, E ) constant (5)

b

The amplification factor is a function of the electrode geometry only, but becomes also
dependent on the control grid voltage as the cut-off condition is approached. The
transconductance, as defined by eqn. (3) may be derived from the general space current
eqn. (1), and is a function of the electrode geometry, the total cathode space current
and uniformity of activation of the cathode surface.

The characteristic parameters normally used to describe the electrode geometry,
and in terms of which performance is interpreted, are—the amplification factor,
transconductance of the control grid with respect to the plate and the (a.c.) plate to
cathode resistance.

Dynamic Characteristics—By superimposing alternating voltages on the direct
voltage(s) of the control electrode(s), with suitable impedances in series with the
output electrode(s), dynamic characteristics are obtained which depend directly on
the static characteristics and characteristic parameters. These dynamic characteristics
include rectification, frequency conversion, voltage and power gain, oscillation, and
impedance transformation characteristics.

The static characteristics, characteristic parameters and the fundamental properties
previously described comprise the basic mechanical and electrical characteristics,
which determine the serviceability and application of a valve and its performance under
given conditions.

In order to appreciate the significance and limitations of the various tests, which
normally are applied to determine the condition of a valve and the probability that it
will continue to operate satisfactorily, the performances and individual tests must be
properly interpreted in terms of all the relevant characteristics and corresponding
fundamental physical properties. The manner and extent of the dependence and inter-
dependence of the varicus characteristics and fundamental physical properties must also
be recognized and understood.
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The important basic functional characteristics, together with the funda-
mental physical properties on which they depend, are’shown in the following
tabulation :

GENERAL PHYSICAL RELATED FUNCTIONAL

PROPERTIES CHARACTERISTICS
1. Mechanical

Size, shape and material of external con- Physical dimensions

struction Type of envelope
Type of base
Type of top cap
System of electrode connections Base pin and top cap connections
Stability, robustness and durability of Ruggedness of envelope, basing and
mechanical construction internal electrode structure
Microphony
Noise
2. Electrical
Interelectrode resistance D.C. interelectrode insulation resistance
R-F interelectrode insulation resistance
Noise
Vacuum Gas pressure within the envelope*
Cathode emission Total available peak cathode current*
Total available average cathode current*
Uniformity of cathode activation Transconductance or dyramic perform-

ance characteristic at reduced heater/
filament voltage*
Electrode geometry Electrode currents*
Interelectrode transconductances*
Interelectrode mu factors*
Interelectrode variational resistances*
Interelectrode capacitances

Electrode contact potentials Modify characteristics dependent upon
Primary and secondary emission electrode geometry (see above)
Stability of electrical characteristics Affect all electrical characteristics.

(iii) Fundamental characteristic tests

The characteristic tests which are of fundamental importance in specifying the
performance and determining the condition, acceptability and usability of an oxide-
coated cathode- or filament-type valve, are as follows :

(a) Tests common to all valve types
Visual inspection of internal and external construction, and finish.
Maximum overall length.
Maximum diameter.
Interelectrode short-circuits.
Electrode continuity (open-circuits).
Interelectrode insulation resistance (d.c.).*
Heater/filament power.*
Heater/cathode leakage.*
Emission or emission-dependent dynamic test.*
Interelectrode capacitances.*

(b) Tests common to all types except diodes*
Reverse grid current (gas, leakage, grid emission).
Control grid current commencement potential, or
Positive control grid current.
Electrode currents (d.c.).
Electrode current (d.c.) cut-uff.

*Under specified operating conditions.
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Transconductance (see Ref. 47).
Amplification factor.

Plate resistance.

Noise (a-f and/or r-f).

Microphony.

(c) Tests common to diodes only*

Signal diodes Plate current commencement or zero
signal plate current.

Power diodes Back emission.

(d) Dynamic performance tests*

Signal diodes Rectificacion (operation)

Power diodes Rectification (operation)

A-F amplifiers A.C. amplification

R-F and I-F amplifiers Stage gain.

Converters Conversion stage gain or conversion
transconductance

and
Oscillator transconductance or oscillator

grid current,

Power output types Power output.

(e) Dynamic performance tests at reduced heater/filament voltage*

Dynamic performance tests are also performed at reduced filament/heater voltages
during manufacture, in order to control initial characteristics and performance, and
also to provide a manufacturing process control of the uniformity of activation of the
emitting surface. In some cases, with the reduction of filament/cathode temperature,
changes occur in contact potential and/or reverse grid current, which make the
normal-voltage tests ineffective or unsatisfactory as a control of activation, depending
on the conditions of operation. In such cases a transconductance test is normally used
instead,

Notwithstanding the control exercised by such tests over initial characteristics and
performance, it is a very difficult manufacturing problem to avoid the wide variations
and deterioration of characteristics which often occur under conditions of reduced
filament /heater operation throughout life although the characteristics at normal fila-
ment/heater voltage may be satisfactory. For this reason, and also as performance
may be critically dependent on circuit design and eléctrode supply voltages, particu-
larly the operation of the oscillator circuits of a converter valve and the power output
and distortion of a power output valve, it is not in general normal practice for valve
specifications to specify any minimum requirements for characteristics or performance
at reduced filament/heater voltage during life, Reasonable performance at reduced
filament/heater and electrode voltage conditions is achieved by most manufacturers,
however, as a result of the pressure of competition combined with the user’s demand
for acceptable performance under slump voltage conditions.

Under American practice the reduced heater/filament voltages at which specified
dynamic performance tests are normally performed during manufacture are as follows :

0.625 volt types 0.55 volt
1.25 volt types 1.1 volts
1.4 voit types 1.1 volts
2 volt types 1.6 or 1.7 volts
2.5 volt types 2.2 volts
6.3  volt types 5.5 wvolts
7.5 volt types 6.0 volts
12.6  volt types 11.0 volts
19 volt types 16.5 volts
25 volt types 22 volts
26.5 volt types 23.5 volts

*Under specified operating conditions.
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32 volt types 28.5 volts
35 volt types 31.0 volts
45 volt types 40  volts
50 volt types 44  volis
117 volt types 100  volts

(iv) Valve ratings and their limiting effect on operation
(A) Limiting ratings

In order to assist the designer to obtain the maximum service from a given valve
type, within the limits of safe operation, in the various applications in which it may be
used, the limiting conditions under which the type can be operated without impairing
its performance and normal life are usually specified by the valve manufacturer in the
form of maximum (or minimum) ratings for relevant basic characteristics which may
only be exceeded at the user’s risk. These ratings, unless otherwise stated, apply
to valves having bogie values of characteristics. It is therefore the responsibility of
the equipment designer to see that a bogie valve will not exceed any of its ratings.

Maximum ratings are established on the basis of life tests and operating performance.
It is a matter of experience that when one or more ratings are exceeded for any
appreciable time, depending on the period and the extent of the overload, the particular
rating exceeded and the capability of the type to withstand such overload, the service-
ability of the particular valve may be impaired, its life may be shortened or its per-
formance may be unsatisfactory.

Magximum ratings usually are specified only for those characteristics which normally
determine the limits of safe operation in the intended applications for which a particu-
lar type has been designed. Generally, the limits of safe operation for any application
may be prescribed completely by specifying the maximum ratings for the electrode
voltages, peak inverse voltage in the case of rectifiers, electrode dissipations and the
maximum peak and average total cathode current.

In the case of high transconductance and power output types it is necessary, in
addition, to limit the maximum value of resistance which may be used between the
negative control grid and cathode, in order to avoid either excessive variation of circuit
performance, excessive space current or excessive electrode dissipations due to reverse
grid current. Maximum ratings, in general, can only be determined satisfactorily by
extensive life tests.

(B) Characteristics usually rated
The characteristics of individual types for which ratings are required to specify
performance are as follows :

(a) General mechanical ratings (common to all types)
Magximum overall length.
Maximum seated height.
Maximum diameter.
Dimensions and locations of top caps, bases and base pins.
Materials and design of external construction.

(b) General electrical ratings common to all types
Nature of rating

Heater/filament voltage (a.c. or d.c.) nominal
Heater/filament current (a.c, or d.c.) nominal
Heater to cathode voltage (d.c.) maximum
Control grid circuit resistance maximum
Interelectrode capacitances—
control grid to plate capacitance maximum
all other capacitances (single unit) nominal
capacitances between electrodes of multiple units nominal or

maximum
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(c) Specific additional electrical ratings applied to particular types

Type Application Fundamental rating Nature of
rating

Diodes Detector Average (d.c.) plate current per Maximum
plate

Peak plate current per plate Maximum

Power Rectifier Peak inverse plate voltage Maximum

Average (d.c.) plate current per Maximum
plate

Peak plate current per plate Maximum

Triodes Voltage amplifier Plate Voltage Maximum

Plate dissipation Maximum

Grid voltage—negative Maximum

positive Maximum

Cathode current (d.c.) Maximum

Power amplifier Plate voltage Maximum

Plate dissipation Maximum

Grid voltage—negative Maximum

positive Maximum

Grid dissipation** Maximum

Cathode current (d.c.) Maximum

Cathode current (peak)* Maximum

Pentodes Voltage amplifier Plate voltage Maximum

Screen voltage Maximum

Screen supply voltage Maximum

Grid voltage—negative Maximum

positive Maximum

Plate dissipation Maximum

Screen dissipation Maximum

Cathode current (d.c.) Maximum

Power amplifier Plate voltage Maximum

Screen voltage Maximum

Grid voltage—negative Maximum

positive Maximum

Plare dissipation Maximum

Screen dissipation Maximum

Grid dissipation** Maximum

Cathode current (d.c.) Maximum

Cathode current (peak)* Maximum

Converters Frequency converter Mixer plate voltage Maximum

Mixer screen voltage Maximum

Mixer screen supply voltage Maximum

Oscillator plate voltage Maximum

Oscillator plate supply voltage Maximum
Mixer signal grid voltage—

positive Maximum

negative Maximum
Mixer plate dissipation Maximum
Mixer screen dissipation Maximum
Oscillator plate dissipation Maximum
Cathode current (d.c.)t—

mixer Maximum

oscillator Maximum

*Power amplifier types only, for other than Class A operation.
**For operation in the positive grid current region.

1In converters of the 6SA7, 6BEG6 class having no separate oscillator positive electrode, the total cathode
current is the fundamental rating.
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Notwithstanding the ratings shown against each type, the actual ratings of an indi-
vidual type depend entirely on its intended applications and may not include all those
listed. The absence of a rating for a particular characteristic may be taken to indicate
either that it has not previously been necessary to specify a rating for this characteristic,
or that the type in question was not intended originally for this application and has not
been processed accordingly. In the latter case, operation may not be satisfactory, and
reference should be made to the valve manufacturer for specific information,

(C) Rating systems

Valves are rated by either of two systems-—the ¢ absolute maximum ”’ system, or the
** design-centre maximum >’ system. The absolute maximum system originated in the
early days of valve development and was based on the voltage characteristics of battery
supplies. Battery voltages could fall below their nominal values but seldom appreciably
exceeded them, so that valve maximum ratings set on the basis of specified battery
voltages were absolute maximum ratings. This system is still widely used by British
and Europcan valve manufacturers and is the system of ratings used in the British
Services’ Electronic Valve Specification K1001 and the U.S.A. Services’ Specification
for Electron Tubes, JAN-1A (Ref. S2). With the introduction of power line and
car-radio operated receivers and the tendency of many designers to interpret abseclute
maximum ratings as nominal values, it became necessary to re-rate valves according to
a system in which allowance was made in the ratings for the variations which occur
under both conditions of operation. Accordingly, the design-centre system was
adopted in U.S.A. by the Radio Manufacturers Association in 1939 for the rating of
receiving valves and since then has become the standard system for rating most
receiver types of American design, manufactured both in U.S.A. and elsewhere.

With either system, each maximum rating for a given valve type must be considered
in relation to all other maximum ratings for that type, so that no one maximum rating
will be exceeded in utilizing any other maximum rating.

Thus it will often happen that one rating alone will determine the limiting operating
conditions while other characteristics are below their maximum ratings.

(D) Interpretation of maximum ratings

In the absolute maximum or * absolute *’ system (except for filament or heater
voltage) the maximum ratings are limiting values above which the serviceability of the
valve may be impaired from the viewpoint of life and satisfactory performance.
Therefore, in order not to exceed these absolute ratings, the equipment designer
has the responsibility of determining an average design value for each rating below
the absolute value of that rating by an amount such that the absolute values will
never be exceeded under any usual condition of supply-voltage variation, load varia-
tion, or manufacturing variation in the equipment itself.

The equipment should be designed to operate the filament or heater of each valve
type at rated normal value for full-load operating conditions under average voltage-
supply conditions. Variations from this normal value due to voltage-supply fluctuation
or other causes, should not exceed + 5 per cent. unless otherwise specified by the
valve manufacturer.

Under the * British Standard Code of Practice ”’ B.S.1106, 1943 (Ref. 49) and the
British Radio Valve Manufacturers’ Association’s publication *“ Radio Valve Practice,”
August, 1948 (Ref. 48), recommended British practice is that in general it is not
permissible that the heater voltage should vary more than 7 per cent. from the rated
value.

1t is a matter of experience, however, that the heaters and filaments of most modern
receiving valve oxide-coated cathode and filament types may be operated at voltages
whose maximum fluctuations do not exceed 4 10 per cent. from their rated values,
without serious effect on life or marked reduction in performance, provided that the
maximum ratings of the other electrodes are not exceeded. In cases where the
heater or filament voltage variations exceed, or are likely to exceed, 4 10 per cent., the
maximum ratings should be reduced and recommendations obtained from the valve
manufacturer as to the maximum ratings permissible under the particular conditions.

In the design-centre maximum or * design-centre ” system, the maximum
ratings are working design-centre maxima. The basic purpose underlying this system
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is to provide satisfactory average performance in the greatest number of equipments
on the assumption that they will not be adjusted to local power-supply conditions at
the time of installation. Under the design-centre system, ratings are based on the
normal voltage variations which are representative of those experienced with the three
important types of power supply commonly in use, namely a.c. and d.c. power lines,
storage battery with connected charger, and dry batteries, so that sauisfactory per-
formance from valves so rated will ordinarily be obtained in equipment which is so
designed that the design-centre maximum ratings are not exceeded at the supply
design-centre voltage.

The following interpretation of receiving valve design-centre ratings is based partly
onR.M.A. (U.8.A.) Standard M8-210 entitled * Tube Ratings ** (Ref. S11), and partly
on established design practice recommended by valve manufacturers.

1. Cathode

The heater or filament voltage is rated as a normal value, unless otherwise stated, so
that transformers or resistances in the heater or filament circuit should be designed to
operate the heater or filament at the rated value at the supply design-centre vohages,
indicated hereunder. Where the permissible heater or filament voltage variations are
exceeded, or are liable to be exceeded, maximum ratings should be reduced in accord-
ance with recommendations obtained from the valve manufacturer,

2. Indirectly-heated and a.c. filament types

(2.1) A.C. or d.c. power line operation—Maximum ratings have been chosen
s0 that valves will give satisfactory performance at these maximum ratings in equipment
operated from power line supplies, the normal voltage of which, including normal
variations, fall within } 10 per cent. of a specified value, Heaters or filaments as
well as positive and negative voltage electrodes, unless otherwise specified, may there-
fore be operated at voltages up to 4 10 per cent. from their rated values, provided that
at the specified line design-centre voltage the heater or filament is operated at its rated
voliage and the maximum ratings of plate voltages, screen-supply voltages, electrode
dissipations, total cathode current and rectifier output currents are not exceeded.

‘The prescribed power line voltage variation of 4 10 per cent. is based on surveys
made in the U.S.A., which have shown that the line voltages delivered fall within 10
per cent, of 117 volts, which is taken as the line design-centre voltage in that country.
In using design-centre ratings with other power line systems elséwhere, it is usually
satisfactory to regard £ 10 per cent. as being representative of the line voltage variation
likely to be experienced under normal conditions, so that it is then only necessary to
determine the line design-centre voltage. In extreme cases, where power line varia-
tions exceed 1 10 per cent., as for example when operation is in remote areas supplied
by long lines subject to variable and heavy peak loading, adjustment to the equipment
should be made locally.

(2.2) Storage battery operatiot,—When storage battery equipment is operated
without a charger, it should be designed so that the heaters or filaments are operated
at their normal rated values and published maximum values of plate voltages, screen-
supply voltages, electrode dissipations, total cathode currents and rectifier output
currents are never exceeded for a terminal voltage at the battery source of 2.0 volts per
cell. When storage battery equipment is operated with a charger or similar supplies,
the normal battery fluctuation may be as much as 35 per cent. or more, which imposes
severe operating conditions on valves. Under these conditions, the equipment should
be designed so that the effect of high heater or filament voltages on valve life and per-
formance (due mainly to excessive reverse grid current) is reduced to a minimum, and
so that 90 per cent. of the above maximum ratings is never exceeded for a terminal
voltage at the battery source of 2.2 volts. In both classes of operation, progressively
reduced and unreliable performance is to be expected as the heater or filament voltage
falls below 90 per cent. of its rated value and approaches the ““ slump * value specified
for the reduced performance tests of the valve test specification.

(2.3)_ “B ’»’. battery operation—The design-centre voltage for “ B ” batteries
supplying positive voltage electrodes is the normal voltage rating of the battery block,
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such as 45 volts, 90 volts, etc. Equipment should be designed so that under no
condition of battery voltage will the plate voltages, screen-supply voltages, electrode
dissipations, or total cathode currents ever exceed the recommended respective maxi-
mum values specified for each valve type by more than 10 per cent,

(3) 2.0 Volt battery filament types

(3.1) Filament—The 2.0 volt battery filament types are designed to be operated
with 2.0 volts across the filament. In all cases the operating voltage range should be
maintained within + 10 per cent. of the rated filament voltage, i.e., within the limits
of 1.8 to 2.2 volts.

(3.2) Positive and negative electrodes—The electrode voltage supplies may be
obtained from dry-cell batteries, storage batteries or from a power line and should be
chosen so that the maximum ratings of plate voltages, screen-supply voltages, electrode
dissipations and total cathode current are not exceeded at the supply design-centre
voltages specified under 2.3, 2.2 and 2.1,

(4) 1.4 volt battery valve types

(4.1) Filament—The filament power supply may be obtained from dry-cell
batteries, from storage batteries, or from a power line.

(4.11) Dry-cell battery supply—The filament may be connected either directly
across a battery rated at a terminal potential of 1.5 volts, or in series with the filamznts
of similar valves across a power supply consisting of dry cells in series. In either case,
the voltage across each 1.4 volt section of filament should not exceed 1.6 volts. Inorder
to meet the recommended conditions for operating filaments in series it may be neces-
sary to use shunting resistors across the individual 1.4 volt sections of filament.

(4.12) Storage battery supply—The filament may be operated either singly or in
series with the filaments of similar valves. For such operation in either case, design
adjustments should be made so that, with valves of rated characteristics, operating
with all electrode voltages applied on a normal storage-battery voltage of 2.0 volts per
cell (without a charger) or 2.2 volts per cell (with a charger), the voltage drop across
each 1.4 volt section of filament will be maintained within a range of 1.25 to 1.4 volts
with a nominal centre of 1.3 volts. In order to meet the recommended conditions for
operating filaments in series it may be necessary to use shunting resistors across the
individual 1.4 volt sections of filament.

(4.13) Power line supply—The filament may be operated either singly or in series
with the filaments of similar valves. For such operation, in either case, design adjust-
ments should be made so that, with valves having rated characteristics operating with
all electrode voltages applied and on a line voltage equal to the design-centre voltage,
the voltage drop across each 1.4 volt section of filament will be maintained within a
range of 1.25 to 1.4 volts with a nominal centre of 1.3 volts. In order to meet the
recommended conditions for operating filaments in series, it may be necessary to use
shunting resistors across the individual 1.4 volt sections of filament.

(4.2) Positive and negative voltage electrodes—The electrode voltage supplies
may be obtained from dry-cell batteries, storage batteries, or from a power line.
For such operation the electrode voltages should be chosen so that the maximum ratings
of plate voltages, screen-supply voltages, electrode dissipations and total cathode
currents are not exceeded at the supply design-voltages specified under 2.3, 2.2 and 2.1
respectively.

(5) General (all types)

(5.1) Screen voltage supply—When the screen voltage is supplied through a
screen-dropping resistor, the maximum screen voltage rating may be exceeded
provided :

(a) The screen supply voltage does not exceed the maximum plate voltage rating.

(b) At any signal condition, the average screen dissipation does not exceed the
maximum rating.

(c) At the signal condition which results in maximum screen current, the screen
voltage does not exceed the maximum rating.

(5.2) Grid voltage limits—Where a grid voltage is specified as * positive bias
value 0 maximum ” or “ never positive ”’, this indicates that grid dissipation is not

13
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permitted. In such cases it may be inferred that the grid has not been suitably treated
to permit dissipation.
(E) Operating conditions

Typical operation—In addition to maximum ratings, information is published
on typical operating conditions for most of the varjous types, when used in particular
applications. These typical operating conditions are intended to provide guiding infor-
mation for the use of each type. They must not be considered as ratings, because each
type can, in general, be used under any suitable conditions within its rating limitations.

Datum point for electrode potentials—In published data, it is standard practice
for the values of grid bias and positive-potential-electrode voltages to be given with
reference to a specified datum point, as follows :—For types having filaments heated
with direct current, the negative filament terminal is taken as the datum point to which
other electrode voltages are referred. For types having filaments heated with alter-
nating current, the mid-point (i.e., the centre tap on the filament transformer secondary,
or the mid-point on a resistor shunting the filament) is taken as the datum point. For
types having equi-potential cathodes (indirecily heated) the cathode is taken as the
datum point.

Grid bias for a.c. or d.c. filament excitation—If the filament of any type whose
data are given for a d.c. filament voltage is to be operated from an a.c. supply, the grid
bias given for d.c. filament operation should be increased by an amount approximately
equal to one half the rated filament voltage and be referred to the filament mid-point.
Conversely, if it is required to use d.c. filament excitation on any filament type whose
data are given for an a.c. filament voltage, the value of grid bias given should be de-
creased by an amount approximately equal to one-half the rated filament voltage, and be
referred to the negative filament terminal, instead of the mid-point as in a.c. operation.
This rule is only approximate and does not, in general, provide identical currents for
both types of filament excitation.

(v) Recommended practice and operation

The following additional limitations on valve practice and operation are based partly
on the recommendations of the British Standard Code of Practice (Ref. 49) also on the
B.V.A. Radio Valve Practice (Ref. 48), and on established design practice.

(2) Mounting—(1) Unless otherwise stated it is desirable that valves should be
mounted base down and in a vertical position. Where it is necessary to depart
from vertical mounting, the plane of the filament of directly heated valves should be
vertical. Similarly, the plane of the grid side rods (or major axis of the control grid)
of indirectly heated valves having a high transconductance and/or a long unsupported
cathode, should be vertical. This reduces the possibility of filament- and cathode-to-
grid short circuits and microphony in filament valves.

It is particularly undesirable that valves having high plate dissipation ratings should
be mounted base upwards without agreement from the valve manufacturer, as this
method of mounting seriously affects the flow of air around the bulb and may result
in the limiting temperature being exceeded.

Depending on the distribution of the bulb temperature, gas may be released from
the getter deposit under these conditions and the vacuum and emission affected.

(2) It is particularly important that the connections to floating contacts of sockets
for glass based valves should be as flexible as possible and that the contacts themselves
should float properly and not become rigidly locked in position. The use of a wiring
jig, having the nominal specified dimensions for the base type, inserted in the valve
socket during wiring, is desirable in order to locate the socket contacts correctly, so
that strain on the base pin seals is minimized when the valve is inserted. Prior to
insertion, the base pins of miniature valves should be straightened by means of a
pin-straightener, if misaligned. The pin-straightener may consist simply of a steel
block drilled with countersunk holes of the correct diameter and location, to slightly
larger tolerances than those specified for the pins of the base type. For specific
information and design, reference should be made to the valve manufacturer.

(3) Itis undesirable to use socket contacts as connecting tags in circuit wiring because
of circumstances which may arise if the valve is subsequently replaced by another
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having different or additional pin connections. In particular, contact No. 1 of octal
sockets should not be used in this connection, as frequently internal base shielding is
brought out to pin No. 1 of octal-based valves, which should be connected to chassis.
Furthermore, in glass-based valves the above-mentioned practice may adversely
affect the valve characteristics by the application of a voltage to pins which are not
connected to any valve element, but which project into the envelope.

(4) Valves with rigid pins in glass bases and valves without bases which have short
rigid lead-out wires are normally intended to be mounted in sockets, and it is recom~
mended that such valves should not be soldered directly into the wiring, as such con-
nections can impose sufficient strain to endanger the seals.

(5) If valves are to be subjected to continuous vibration, means should be employed
to damp out such vibration by the use of cushioned valve socket mountings.

(b) Ventilation :

(1) The layout and design of equiptnent should afford sufficient ventilation io ensure
a safe bulb temperature under all conditions. As a general guide, the maximum
temperature of the hottest part of the bulb under operating conditions in the equipment
should not exceed by more than 20°C. that temperature which would be attained if
the valve were operated at its maximum ratings under conditions of free air circulation
in an ambient temperature of 20°C. Where exceptional increases of temperature may
occur (e.g., when valves are used in screening cans or in equipment working in tropical
conditions) the valve manufacturer should be consulted on each type concerned.

"The present trend in valve design is to reduce dimensions with the object of saving
space and of improving efficiency at high frequencies, and the extent to which the
reduction can be made is usually limited by the amount of heat which can be dissipated
from the exterior surface of the bulb.

For valves of present day sizes operating at normal temperatures, about half the
heat is dissipated by convection and half by radiation. It is therefore necessary to allow
free convection of reasonably cool air past the bulb and free radiation from the surface
of the bulb to cooler surroundings.

The increase in the temperature of air in convective cooling is very small and it is
therefore more important that the flow of air should be copious and unimpeded than
that it should be particularly cold. No great risk is incurred if the air is slightly warmed
by passing near other components if this allows it to flow through a less obstructed path.

In order to improve radiation from a valve, surrounding surfaces should not be
polished but should be kept as cool as possible. The temperature of a valve surrounded
by a plated shield can, or by components at about its own temperature, may rise
seriously.

(2) When valves are mounted in other than upright vertical positions, greater care
should be taken to ensure that adequate ventilation is provided.

(3) Adequate ventilation is particularly important in the case of output valves and
rectifiers.

(c) Heater-cathode insulation

(1) It is generally desirable to avoid a large potential difference between heater and
cathode. This potential should not normally exceed 100 volts except in the case of
certain indirectly-heated rectifier valves and valves specially designed for a.c./d.c.
operation. Where a design necessitates higher heater-cathode potentials, 2 recommenda-
tion of the maximum permissible value should be obtained from the valve manufac-
turer. For convenience, the maximum heater-cathode voltage rating is usually given

as a d.c. value.
(2) The insulation resistance between the heater and the cathode should not be

included in r-f circuits where frequency stability is required or in a-f circuits followed
by a high gain amplifier.

The leakage currents make themselves apparent as noise or hum, which may assume
serious proportions if the valve in which they originate is followed by a large degree of
amplification. Moreover, if the heater-cathode insulation is included in a tuned circuit,
any alteration to the physical or electrical properties of the insulation will alter the
frequency to which the circuit is tuned, and if both r-f and mains frequency voltages
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exist across the insulation, there is a risk of modulation hum, particularly in cathode-
coupled oscillators and the like.

(d) Control grid circuit resistance

In all cases where published recommendations are available from the valve manu-
facturer, they should be followed. The maximum value of grid circuit resistance in the
case of a particular type of valve cannot be specified without knowledge of the valve
characteristics and conditions of operation. In no circumstances should valves be
operated without a d.c. connection between each electrode and cathode.

The maximum value of control grid circuit resistance which may be used under any
condition of operation depends initially upon the stability of performance required but
ultimately upon the transconductance under that condition, the increase in cathode
current and electrode dissipations which may occur due to the cumulative effects of
reverse grid current (gas, grid emission and leakage) permitted by the specificarion,
the maximum ratings for these characteristics, and the limiting effect of resistances in
series with the cathode and in the electrode circuits in series with the various electrode
supply voltages. The following formulae, expressing the relationships between the
various resistances, direct currents and electrode parameters in typical grid controlled
triodes, tetrodes and pentode circuits hold providing the control grid current is negli-
gible in comparison with the total cathode current.

For pentodes and tetrodes (Ref. 41)

Al |1 1 R
Ry = ‘A—Iil[ +Rk(l+_—" +P—‘£] ©6)

g/k torege Horep2
For triodes (Ref. 41)

ar,[ 1 1\ R,
R”‘ZZI_ﬂ l:g;“’Rk(l +;) +7} )

where 4I;=change in cathode current permitted by maximum ratings of plate dissipa-
tion and/or cathode current ; or change in performance which can be
tolerated.

AI,=change in plate current permitted by maximum ratings of plate dissipa-
tion and/or cathode current ; or change in performance which can be
tolerated.

41, =change in control grid (No. 1) current which is likely to occur or is
permitted by the valve specification.

R, =grid resistor (ohms).

R,;=series screen resistor (ohms).

R, =cathode resistor (ohms).
R ; =series plate load resistor (chms).
#o.g2=triode amplification factor of pentode or tetrode.
p=amplification factor of triode.
P=ratio of screen current ({.,) to cathode current
Irz
I 2 +I b
& »=grid-plate transconductance {(mhos).
gx=grid-cathode transconductance (mhos)

_, Ir
‘—ngb{

To determine the limiting value of grid resistor which may be used, 47, should be
taken as the maximum ‘value of reverse grid current permitted by the specification,
under maximum electroae dissipation and cathode current conditions; 41, and
41, are the changes in plate and cathode currents which result in maximum rated
plate and/or screen dissipations and/or maximum cathode current.

The maximum rating which is reached first determines the limiting value of the grid
resistor.

If the specified value of 41, is not available, the highest typical value of reverse
grid current given in Sect. 3(iv)A for each major group of valve types may be used with
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discretion. In cases where the valve is being operated below maximum rated condi-
tions and at a total cathode current less than that for the grid current test conditions,
the value of 47, may be taken as varying approximately as the cathode current.*

It should be clearly understood that equations (6} and (7) are fundamental, and, in
cases where no maximum grid circuit resistance values are published, may be used to
calculate maximum safc values. These cquations are based on the margin (41,)
between the operating plate current and that value of plate current which gives
maximum plate dissipation or maximum cathode current or which gives the maximum
tolerable change in performance, the limiting condition of operation being determined
by the rating which is reached first. It may happen that the published typical operating
conditions give maximum rated plate dissipation—in this case 41, or 41, is zero, and
the equations cannot therefore be applied to calculate R, directly. In such a case the
procedure is to assume reasonable values of R, and 47, and then to use the equations
to derive 471, or 41;. The operating plate or cathode current would then be made less
than the permissible maximum by the margin 47, or 41,. Alternatively a lower value
of R,; may be chosen and the conditions of operation recalculated.

If a maximum value of R, is published for fixed bias operation, then the value for
cathode bias may be determined from equations (8) to (13) :

For pentodes and tetrodes—general case

R, for cathode bias 1 PR,y ] g
R, for fixed bias =l+es [Rk(1+ #gl.,g) + Hot-o2 J ®

or approximatelya~1-+g.| R+ PRy ] 'C))
Hy1-93
(or when R,;=0) A&¢1+4-g,R, (10)
For triodes—general case
R,, for cathode bias 1 R,
R,; for fixed bias =l-gm Ril 1+ 3 + ® an
. R,
or approximatelyRy1+g,, RH——}; (12)
(or when R;=0) A&s1+gnR, (13)

In the case of resistance-loaded triodes and pentodes with series screen resistors, the
values of R, as derived from eqn. (6) or (7) respectively will be very high. In such
cases the limiting factor is the effect of the reverse grid current on the operating
bias. This effect is considered in detail in Chapter 12, Sect. 2(iv) for triodes with
fixed bias and Sect. 2(iii) with cathode bias also Sect. 3(v) for pentodes with fixed bias,
and Sect. 3(iv)C with cathode bias.

A high value of resistance between the control grid and the cathode should be avoided
wherever possible. In B.S.1106, 1943 (Ref. 49) it is recommended that, in general,
1 megohm with self-bias and 0.5 megohm with fixed bias are suitable maxima and that
with receiving valves having an anode dissipation exceeding 10 watts the grid-circuit
resistance should not exceed 0.5 megohm when self-bias is used and 0.1 megohm with
fixed bias. These values must be reduced when one resistor is common to more than
one control grid circuit.

The maximum values of grid circuit resistance with r-f pentodes controlled by
a.v.c. is covered in Chapter 27 Sect. 3(iv)b.

Some valve types have an inherent negative resistance region in the positive portion
of the grid characteristic, due 1o secondary emission from the grid as a result of the
deposition or evaporation of active material from the cathode or deposition from the
getter during manufacture. In such cases the resultant grid current may cha{xge s_ign
from positive to negative as the grid voltage increases from zero in a positive direction,
ultimately becoming positive again. The maximum value of grid circuit resistance

*This assumes that the grid leakage current is small compared with the ionization current, and that the
latter does not increase appreciably during operation.
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which may be used under these conditions without grid blocking occurring, is that
value of resistance represented by the line drawn from the operating bias point on the
abscissa, tangential to the cross-over loop of the grid current characteristic below the
abscissa as shown in Fig. 2.11.

If the grid circuit resistance is such that the line cuts the loop of the characteristic
below the abscissa, blocking will occur if the instantaneous values of grid voltage
exceed the voltage of the point at which the line crosses the grid characteristic nearer
to the origin. See also Chapter 2 Sect. 2(iii).

Because of the difficulty of controlling the grid current commencement point of
oxide-coated cathode and filament valves during manufacture, due mainly to contact
potential variations caused by variable control grid surface conditions, it is desirable
that operating conditions should be chosen, such that the control grid bias is always suffi-
ciently large in relation to the contact potential, so that variations of the latter produce
only minor effects on performance. In general, the grid current commencement
voltage of indirectly heated cathode types is negative and may have a value up to
—1.0 volt but as a rule varies during life. The grid current commencement voltage
of filament types is usually positive and seldom exceeds about +0.5 volt, but usually
becomes less positive during life and may even become negative. The plate current
commencement voltage of diodes due to contact potential behaves in a similar manner.

(e) Operation at low screen voltages

As the grid current commencement voltage may in certain cases be dependent on the
value of screen voltage and may become more negative as the screen voltage is reduced,
it is in general undesirable to operate valves having low or zero control grid-bias at low
screen voltages. In the case of zero-bias operated filament types, operation at low
screen voltages may result in the grid current commencement voltage becoming nega-
tive and in the flow of positive current, causing either a change in operating conditions
due to additional negative bias déveloped across the grid resistor or damping of tuned
grid circuits due to lowered input resistance. In either case undesirable and often
wide variations in performance may result.

(f) Microphony

Small variations of ¢lectrode spacing cause corresponding variations in the output of
the valve, and it is .desirable to ensure that little or no vibration reaches the valve.
Such vibration may reach the valve by way of the valve socket or acoustically, and it
should be noted that microphonic trouble may originate in the converter or i-f stages
through modulation of the signal or i-f carrier at audio frequencies. It is recommended
that, if possible, the position of the valve in relation to the source of vibration be so
chosen that microphony effects will be at a minimum. Methods which may be used to
minimize microphony effects are described in Chapter 35 Sect. 3(iv).

(g) Hum
Hum due to conditions within the valves is analysed in Chapter 31 Sect. 4(i). See
also Ref. 91 on heater-cathode leakage as a source of hum.

(h) Stand-by operation

Where it is necessary to maintain cathodes and filaments at normal operating
temperatures during stand-by periods, better life in general will be obtained
when the equipment is so designed that some, rather than no, cathode
current flows during such periods. It is also essential that the heater or filament
voltage be maintained as close to the rated value as possible. Continuous operation
of heaters or filaments at voltages exceeding their rated values by more than 10 per
cent., without cathode current flowing, will result, generally, in progressively short
life being obtained.

In equipments which are designed so that no cathode current flows during stand-by
periods for periods of less than 15 minutes, the filament voltage of quick-heating fila-
ment types should be reduced to 80 per cent. of normal, while the heater voltage of
indirectly heated cathode types should be maintained at normal rated value. For
longer periods, both filament and heater power should be turned off.
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SECTION 2: CONTROL OF CHARACTERISTICS DURING
MANUFACTURE

(i) Importance of control over characteristics (i) Basic manufacturing test specifica-
tion (3if) Systematic testing (iv) Tolerances on characteristics.

(i) Importance of control over characteristics

The successful design and continued satisfactory operation of electronic equipment
require that the valves used have certain prescribed characteristics, the initial values of
which do not vary from valve to valve sufficiently to affect operation seriously and
which, throughout life, remain within a prescribed range with only gradual change
until the end of useful life is reached Owing however to the highly complex nature of
the physical-chemical processes involved in manufacture and the difficulty of controlling
the variations of many of these processes under mass production conditions, the ulti-
mate degree of uniformity obtainable in the final product, both in initial characteristics
and their variation throughout life, must always be a compromise between the per-
formance required by the equipment designer and user and the manufacturing cost in
obtaining that performance. In any individual case, however, the degree to which
variation of one or more characteristics affects operation, either initially or during life,
depends entirely on the particular application and the critical features of the circuit
design. For good circuit performance, it therefore is essential to take into consideration
the range of variation of the various characteristics on which operation depends and to
ensure that operation, so far as is practicable, is independent of the variation of
characteristics, particularly of critical characteristics and characteristics over which
limited or no control is exercised in manufacture by the valve test specification.

(ii) Basic manufacturing test specification

Owing to the relatively limited range of variation of mechanical and electrical
characteristics for which usability and performance of the various types of valves in
their intended applications may be satisfactory, it is necessary to apply tolerances, or
 limits ” to control the range of characteristics obtained under mass production
conditions. For commercial applications these tolerances are chosen to be both satis-
factory to the equipment designer and sufficiently wide to be economical and thus
enable valves to be manufactured in large quantities at a reasonable cost. These
requirements are embodied in the complete manufacturing test specification,
which normally comprises—

(1) Maximum permissible conditions of operation or ratings, as determined by
emission capability, goodness of vacbum maintenance and interelectrode insulation.

(2) Nominal values for the principal physical dimensions and electrical characteris-
tics, relevant to intended applications under specified operating conditions.

(3) A schedule of mechanical and electrical tests (including tolerances and sequence)
sufficiently comprehensive to ensure that the prescribed dimensions, and electrical
characteristics are maintained in production, and sufficiently severe to indicate likely
failure, during life, when operated under maximum ratings.

(4) A life test schedule sufficiently severe in conditions of operation and permissible
deterioration of the main functional characteristics, to indicate reliability and per-
formance of the product on life, under both normal recommended and maximum
rating conditions.

As most valve types are designed to give a certain performance and life in a specific
application or limited range of applications, it is important o note that each type is
processed accordingly and that, in general, the test specification for & particular type
normally inciudes only those tests which are necessary for adequate and economic
control of the characteristics, and are required for satisfactory performance and life
in the intended applications. Unintended applications not covered by the maximum
ratings or test specification should be referred to the valve manufacturer, as perform-
ance and life in many cases can often be decided only by laboratory investigation and
special life tests.

Reference to quality control : Ref. 45. Reference to life testing : Ref. 97.



86 (iii) SYSTEMATIC TESTING 3.2

(iit) Systematic testing

For the purpose of systematic testing, valve characteristics may be divided into the
following three categories.

(a) Primary characteristics, which are fundamental to the basic operation and
life of the valve as a thermionic device and its functional operation and usability.
These include the mechanical stability of the envelope and electrode structure, external
physical dimensions and construction, continuity of electrode connections, characteris-
tics indicating the goodness of the vacuum and emission and the principal functional
characteristics dependent on the electrode geometry.

(b) Secondary characteristics, which are not fundamental to the operation of the
valve, but are, in general, dependent on the primary functional characteristics and
essentially determine the degree of performance obtainable in intended applications of
the particular type.

(¢c) Tertiary characteristics, which are not fundamental to the operation of the
valve, but are dependent on, and are in general controlled by the primary and/or
secondary characteristics and either affect performance in a minor degree only, seldom
vary sufficiently to affect performance or are important only in certain applications or
for purposes of valve design.

In order to control the above-mentioned characteristics after manufacture in
accordance with their specification, the acceptance testing procedure is usually
organized into the following group of tests, the functions of which are described in
detail in the following subsections.

" (A) Production Tests.

(B) Design Tests.

(C) Recorded Readings.

(D) Life Tests.

(E) Warchouse Tests.

(A) Production Tests
(1) First Testing

All primary characteristics, except those which are subject only to minor variation
from valve to valve, are usually tested 100 per cent. inthe factory after manufacture
Tests performed on this basis are designated Production or Factory Tests and failure
of any valve to meet the prescribed test limits for any production test constitutes cause
for total rejection of that particular valve. When characteristics are uniform and
quality satisfactory, production tests are usually limited to primary characteristics only
and particular characteristics which cannot be otherwise controlled satisfactorily.
The normal production tests are performed in the sequence prescribed by the specifi-
cation and for all types the tests normally include interelectrode shorts and continuity,
reverse grid current (gas, grid emission, leakage), cathode current, series-resistance-
supplied electrode currents, transconductance, emission or equivalent dynamic
characteristic test, noise and microphony.

(2) Holding period

After the schedule of production tests has been completed, it is usual for all valves
to be held in storage for periods varying from 24 hours upwards to allow any deteriora-
tion of mechanical or electrical characteristics, due to unsatisfactory manufacture, to
develop.

(3) Second testing

Following the holding period, all, or the most important production tests are usually
repeated either on all valves 100 per cent. or on a representative sample using statistical
sampling procedures which have been established as reliable, economical methods of
determining either that the maximum percentage of defectives in a given quantity
shall not exceed a certain value, or that the average percentage of defectives in the
outgoing product shall not exceed a certain level.

When statistical sampling is used, if the product fails to meet the sampling acceptance
criteria in one or more tests, or totally, the batch in question is then re-tested 100 per
cent, for those tests in which failure occurred, and all defectives screened out. In
addition to repeating first-production tests, tests are often included at the second
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production-sampling test to control characteristics, 100 per cent. testing of which
may not be warranted or necessary.

Subject to the product having passed the design and life test criteria o bz described,
it is now usually transferred to the warehouse for shipping and distribution to manufac-
turers and wholesalers.

(B) Design tests

All important secondary characteristics are controlled by regularly testing and
recording the characteristics of a relatively small sample selected at random, either fror:
each production batch, or each day’s production in the case of continuous production,
after all the first-production tests have been performed and the defectives for these
tests screened out. The sample size is determined by the production batch size on the
daily production level, provided characteristics are reasonably uniform. Typical
sample sizes used are 1 per cent. (minimum 5 valves) of each batch, or a fixed sample
size of 5 to 10 valves per type per day for types in continuous production.

The tests performed on the characteristics included in this group, on the above basis,
are called Design Tests and the usual procedure is that failure of more than a stipulated
percentage of the valves in the sample to meet the prescribed test limits for a particular
characteristic, or failure of more than a stipulated percentage of all the characteristics
to meet their prescribed limits, constitute cause, initially for retesting a larger sample—
usually 100 valves—for the characteristic(s) failed, and in the event of the failure
being confirmed, for 100 per cent. testing of the complete batch for those characteristics
in which failure occurred. Failure of any valve of the batch to meet the specification
for the characteristic(s) in question is then cause for rejection.

In the case of continuous production, the usual practice is for the failed design tests
to be made production tests temporarily until satisfactory control of the characteristics
in question has been re-established and the design test criteria for these characteristics
can again be met consistently.

Typical design test acceptance criteria require that not more than 10 per cent. of the
valves of the sample fail for any one design test or that all the design tests failed do not
exceed 20 per cent.

In addition to essential secondary characteristics, other characteristics which are
often controlled on a design test basis include those characteristics which are not
independent parameters but have their values determined by characteristics which
are tested 100 per cent., also characteristics which require to be controlled for particular
applications.

Design tests are performed only on valves which meet the prescribed production
tests. To this end, the latter normally are repeated and recorded when design tests are
performed,

(C) Recorded readings

Tertiary characteristics are controlled, in general, on the basis of criticisziand correc-
tion from recorded readings of all important characteristics obtained from the design
test samples, taken either daily, weekly or monthly, depending on the importance of
the characteristic and its liability to variation.

Failure of characteristics tested on this basis to meet the requirements of the specifi-
cation (or, where not specified, to meet the average range of variation usually main-
tained) in respect of the design test criteria is cause for criticism only, and not rejection ;
individual valves having the characteristics indicated are not screened from the
product, unless the effect of their variation on performance is likely to be serious.

Where a recorded reading test indicates continuing unsatisfactory control of any
particular characteristic, it is usual for that recorded reading to be made a design test
temporarily, if considered warranted, until satisfactory control has been re-established.

(D) Life tests

Due to the varying extent to which the mechanical and electrical characteristics may
be affected by undetected and consequently uncontrolled variations of manufacturing
processes, it is not possible to predict reliably by any schedule of instantaneous tests,
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however comprehensive, the performance obtainable from any particular valve under
operating conditions, and it is necessary to rely on recorded observations of characteris-
tic variation during continuous or intermittent operation under controlled test condi-
tions, to determine ultimate performance. Such tests are known as Life Tests.

Provided maximum ratings have not been exceeded, the life of most oxide-coated
cathode high vacuum valves, assuming that the initial emission and electrode insulation
are satisfactory, is determined almost entirely by the extent to which the initial vacuum
is maintained during storage and during periods of operation and non-operation, as in
general the supply of emission-producing material available on the average filament or
cathode greatly exceeds that required for the lives normally obtained in practice.

The average rate and uniformity of deterioration of the vacuum- and emission-
dependent characteristics which normally occur slowly and uniformly in all valves
during operation, and which vary from valve to valve, and any excessive deterioration of
mechanical and electrical characteristics due to defective manufacture are controlled by
regular life tests of small samples of each type. These life tests are operated normally
under maximum rating conditions, for a specified period during which the performance
determining characteristic(s) may not deteriorate beyond prescribed values, or for the
period (which may not be less than a prescribed minimum) required for such deteriora-
tion 1o occur,

Owing to limitations of equipment and cost, regular control life tests are run usually
for periods of 500 to 1000 hours on small samples of the order of 5 valves per type per
week for types in continuous production. As variations in characteristics are most
liable to occur early in life, readings are usually spaced at increasing intervals to give
an indication of the complete life characteristic over the control periods.

A typical life test acceptance criterion of satisfactory life is that the average life
obtained per valve, considering all valves of the sample, must be not less than 80 per
cent. of the specified duration of the life test. The valves used must also be selected at
random and comply with the production and design test acceptance criteria.

In the event of the completed product failing to comply with the life test criteria,
delivery of the product is then withheld from *he warehouse, until satisfactory life has
been re-established.

(E) Warehouse tests

When quality is uniform, the controls normally imposed prior to packing are retests
of electrode mechanical stability and continuity, and maintenance of the vacuum, by
means of a suitable interelectrode hot ““ shorts and continuity > test during which each
valve is tapped lightly with a specified mallet. Each valve is also re-inspected for any
deterioration of the envelope in the case of glass valves, cementing of phenolic bases
and top caps, dry or badly soldered pin and top cap connections, type designation and
general mechanical finish. Pins of miniature valves are also straightened, if necessary.

(iv) Tolerances on characteristics
(a) Initial characteristics

The tolerances on types of American origin to-day are substantially those published
for these types in the American JAN-1A Specification which is based on common
valve manufacturing practice in that country and was compiled by a committee which
included the major valve manufacturers (Ref. S2 ; for tabulated characteristics see
Ref. 65).

(b) Life test end points

Apart from the information published in the relevant American and British Service
Specifications, no information is generally available concerning accepted life test end
points. In R.M.A. Standard Specification ET-107 (Ref. S7) there is published a list
of life test end points which may be regarded as typical of the practice followed by
American valve manufacturers. A valve is considered to have reached its life test end
point when, at rated filament or heater voltage and specified electrode voltages, the
following values have been reached :
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1. 659 of rated transconductance for r-f and i-f amplifiers.

2. 509, of rated conversion transconductance and 65% of rated oscillator grid
current for converter and mixer types.

3, 509, of rated transconductance for general purpose triode types,

4. 50% of rated power output for power output types.

5. 409, of minimum rated direct current for diode types.

6. 809, of rated current or voltage for rectifier types.

7. 70% of normal alternating output voltage for resistance-coupled amplifier
types.

Note.—Rated values are those referred to on R.M.A. Electron Tube Characteristic
Sheets under maximum typical operating conditions.

SECTION 3: METHODS OF TESTING CHARACTERISTICS*

(i) General conventions

(ii) General characteristics
(a) Physical dimensions
(b) Shorts and continuity
(c) Heater (or filament) current
(d) Heater-to-cathode leakage
(e) Inter-electrode insulation
(f) Emission
(g) Direct interelectrode capacitances

(itiy Specific diode characteristics
(a) Rectification test
(b) Sputter and arcing
(c¢) Back emission
(d) Zero signal or standing diode current

(iv) Specifio triode, pentode and beam tetrode characteristics
(A) Reverse grid current
(B) Grid current commencement voltage
(C) Positive grid current
(D) Positive voltage electrode currents
(B) Transconductance or mutual conductance
(F) Amplification factor
(G) Plate resistance
(H) A.C. amplification
(I) Power Output
() Distortion
(K) Microphony
(L) Audio frequency noise
(M) Radio frequency noise
(N) Blocking
(O) Stage gain testing
(P) Electrode dissipation

(v) Specific converter characteristics
(A) Methods of operation including oscillator excitation
(1) Oscillator self-excited
(2) Oscillator driven
(3) Static operation

sThe assistance of A. H. Wardale, Member I.R.E. (U.S.A.) and D. H. Connolly, A.S.T.C., ie ack~
nowledged.
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(B) Specific characteristics
(@) Reverse signal-grid current
(b) Signal-grid current commencement
(¢) Mizxer positive voltage electrode currents
(d) Mixer conversion transconductance
(e) Mixer plate resistance
(f) Mixer transconductance
(g) Oscillator grid current
(h) Oscillator plate current
(i) Oscillator transconductance
() Oscillator amplification factor
(k) Oscillator plate resistance
(1) Signal-grid blocking
(m) Microphony
(n) R-F noise
(vi) Tests for special characteristics
(A) Short-circuit input admittance
(B) Short-circuit feedback admittance
(C) Short-circuit output admittance
(D) Short-circuit forward admittance
(E) Perveance
(vii) Characteristics by pulse methods—point by point
(viii) Characteristics by curve tracer methods

(i) General conventions

The methods described in this section are typical of good practice and should only
be taken as a guide of good practice, They represent, in general, the main operational
tests which are used to control the performance of various types of receiving valves.

The valve under test should have its heater (or filament) operated at the specified
voltage for constant voltage types or at the specified current for constant current types.
Direct current is generally specified for all characteristic testing, although a.c. may be
used for indirectly heated types and directly-heated a.c. power types, but it is essential
that the filaments of all directly-heated battery types be operated from direct current.

The positive electrodes (e.g., plate, screen) should be supplied from suitable direct-
voltage sources the voltages of which can be adjusted to the values specified. Good
regulation (i.e., good voltage stability) is highly desirable for characteristic testing but
is expensive 1o attain with valves drawing high cathode currents. The recommended
source is an electronic voltage regulator such as that of Fig. 33.10, the output terminals
being shunted by a r-f by-pass capacitor (¢.g.,0.01 pFmica). A large capacitance should
not be used since this results in a tendency for the voltage regulator to “ hunt . In
other cases all supply voltages should be adequately by-passed for a.c. components.

In the case of emission testing, a special low voltage high current source of low
internal resistance is essential. Where operation is required from a.c. mains, a selenium
rectifier supply is usually the most suitable and inexpensive for high current emission
testing.

The negative electrodes (e.g., control grid, suppressor) do not normally draw much
current, and the voltage regulation of the current source is therefore not very important,
but the voltage applied to the terminals of voltage divider supplies, as normally used,
must be well stabilized. Either an electronic voltage regulator or a gas type voltage
regulator tube, or both, may be used. If the characteristics are to be tested with the grid
positive, the *“ screen * source may be used for triode grids ; otherwise an additional
electronic voltage regulator (of the same type as for the plate and screen) should be
used. All direct electrode voltages are to be measured with respect to the cathode. In
dynamic tests the voltages are to be measured under operating conditions.

In all methods of testing, depending upon the particular characteristic, well filtered
supplies both positive and negative should be used.

The basic circuit for testing electrode currents with variable applied voltages is
indicated in Fig. 3.1 for use with diode, triode or pentode valves and negative grid



3.3 (i) GENERAL CONVENTIONS 91

voltages. If instability is experienced with valves having high wransconductance, a8
screen stopper of 50 to 100 ohms with or without a control grid stopper of say 500
ohms should be connected directly to the electrodes concerned. It is very important
that thqse resistors be non-inductive and, in the case of the screen stopper, of sufficient
n.:tcd dissipation. The screen stopper should be by-passed directly from the supply
side to the cathode using a mica capacitor of, say, 0.01 uF capacitance.

@"-5 PLATE

v
PLATE SCREEN A SCREEN
ELECTRONIC  [ELECTRONIC o
VOLTAGE VOLTAGE
REGU X Y
EGULATOR _ |REGULATOR CATHODE
0
GRID v
STABILISED -
SUPPLY A(rhe GRID
HEATER —0
VOLTAGE
SOURCE HIATER
FIG, 3,1

Fig. 3.1. Basic circuit for testing electrode currents.

Pre-heating

Pre-heating with heater voltage applied to the heater only is generally adequate for
all ordinary purposes where it is necessary to conserve time, except where full electrode
dissipation pre-heating is required by particular valve specifications under acceptance
testing conditions, or when testing for reverse grid current (gas, grid emission and hot
leakage). When full electrode dissipation is applied, the time of pre-heating is normally
2 minutes (JAN-1A) to 5 minutes (R.M.A.), Maximum valve ratings should not be
exceeded during pre-heating.

See References S$2, $7.

(if) General characteristics

(a) Physical dimensions—Valves may be checked for overall length and maximum
diameter either by the use of “‘ go/not go ” gauges or by an adjustable length gauge
and outside calipers respectively.

Standard ring gauges for checking maximum and minimum base and sleeve dia-
meters, also pin alignment gauges, are specified by R.M.A. Standard ET-106 (Ref. S6).

(b) Shorts and continuity-——It is important to ensure that electrodes such as control
and signal grids and suppressors, which do not normally dissipate any power, should
not be subjected to any appreciable power dissipation during the shorts and continuity
test, otherwise the valve may be damaged as the degassing treatment of these grids
during manufacture is normally much lighter than that of electrodes which are required
to dissipate power, In addition, the cathode current drawn, particularly in filament
types, should not be excessive. It is also important that shorts be checked between the
various electrode pin connections and pins designated as no connection, also that the
continuity of internal jumper connections between base pins be checked.

The circuit arrangement accepted as the most generally satisfactory for both shorts
and continuity with regard to sensitivity and speed of testing is that known as the
hexaphase shorts and continuity test. This circuit is now widely used, particularly by
valve manufacturers (e.g., Ref. 1, Fig. 54). A modification is shown in Fig. 3.2 which
uses 6 110 volt } watt neon lamps and is entirely satisfactory for valves not requiring
more than 6 independent electrodes. The values shown for this circuit have been
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chosen to suit the majority of receiving type valves in that the dissipations of the normal~
Iy negative electrodes are kept low for reasons previously stated—see (b) above—and
may not be satisfactory for all valve types. In the case of a semi-universal tester it is
essential that the requirements above be observed, and also that all electrode dissipa-
tions and peak and average currents be kept within their maximum ratings, otherwise
valves may be damaged. Itis also essential as in any shorts tester that the cathede-
to-grid voltage, and battery-type filament-to-grid veoltage particularly, be
kept to a value not exceeding approximately 100 volts, owing to the small
spacing between these electrodes resulting in unreliable “ flick  indications of the
neon lamps in normally good valves. The test is carried out with the cathode hot, and
the resistor R, is for the purpose of limiting the peak cathode current to a safe value
(3 mA per 50 milliamp. filament strand for 1.4 volt battery valves). The tester uses
split anode neon lamps and continuity of each valve electrode is indicated by the
glowing of one half of the split-anode neon lamp connected to that electrode. In the
case of a short-circuit to cathode, one lamp will light on both electrodes, while in the
case of 2 short-circuit between two or more other electrodes, two or more lamps will
so light. There is an optimum arrangement of connections from the terminals
A, B, C, D and E to give fairly low voltages between cathode and control grid or other
low-dissipation electrodes and to give uniform illumination on all lamps. In some cases,
experimenting may be necessary in changing over connections to obtain fairly uniform
illumination on all lamps. It is necessary that the insulation of the sockets and
wiring be sufficiently good to avoid residual glows on the neon lamps when a valve is not
in the socket. This is particularly important in humid climates.

3 PHASE 6 PHASE QUTPUT
INPUT
O—e f
220/0
% f220

o ¢

3

FiG, 3.2

Fig. 3.2, Hexaphase shorts and continuity tester. Suitable values are R =5000 ohms,
Ry=R;=7500 ohms, R,= 1500 ohms, R,=5000 ohms, R,=50 000 ohms for battery
valves other than power output, 33 000 ohms for normal a.c. types, or 15 000 okms for
power output valves. Lamps (N) are 110 volt % watt split-anode’ neon.

If more than six lamps are required, additional lamps may be incorporated at suitable
points in the ““ ring ** network, but all such arrangements have the limitation that one
or more conditions exist where no shorts indication is possible on one or more pairs
of lamps.

In addition to the neon shorts and continuity test, filament type lamps may be used
to indicate continuity from shield to cathode or along a * jumper » linking two pins.

Continuity of heaters and filaments is indicated by means of a current meter of
suitable scale in series with the heater or filament, an open-circuir being indicated by
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zero current. In the absence of a current meter and where a rheostat is used to drop
the filament/heater source voltage, the voltmeter reading may be used to indicate

open-circuited filaments or heaters since the voltmeter reading will then be much higher
than normal.

SOCKETS VIEWED FROM BENEATH o0 CAP UNIVERSAL 7 PIN

A

110 VOLT 4
NEON LAMPS

»
No{ INDICATES FILAMENT -
CONTINUITY FOR MOST 15w, 240V 50~
VALVE - TYPES NSO

FIG, 3.3
Fig. 3.3. Older type of shorts and continuity tester.

The older type of shorts tester is shown in Fig. 3.3 and operates on single phase
and requires a total voltage of 880 volts for 8 lamps. This may be used as a hot or cold
cathode shorts tester, but has the disadvantages that it only indicates electrode continu-
ity of those electrodes which draw sufficient current to operate lamps to which they are
connected. It also has the severe disadvantage that the voltages cannot be arranged
conveniently with regard to the electrode configuration for semi-universal testing, as all
voltages are in phase, and quité high voltages may be developed between adjacent
electrodes in the absence of complicated switching.

When using this type of tester with either hot or cold filament (or cathode), it is
essential to connect grid No. 1 to the lowest voltage in the chain with respect to earth,
otherwise damage may be done to the valve, or else good valves may indicate as having
a short circuit. The other points in the chain should be connected in the same sequence
as the grids and plate.

A fairly satisfactory form of single lamp R
shorts and continuity tester commonly used
in service testers is shown in Fig. 3.4. The ,, tov

electrode switch & is rotated with the
cathode heated. If the neon lamp glows
on one side only the particular electrode is FIG.3.4
g:o_rme_cted ; if on both sides a shor_t-cgrcuit Fig. 3.4. Simpler type of shorts and
is mdxcgted.. If only one t'electrode indicates continuity tester, employing a single
short-circuit, the short is to heater (fila- lamp,

ment) ; if two or more electrodes indicate a
short-circuit, they are shorted together. The continuity test only works well for the
electrodes close to the cathode, the sensitivity decreasing towards the anode.

The same circuit Fig. 3.4 may also be used for a cold cathode shorts test.

(c) Heater (or filament) current—This is measured with a d.c. heater source,
using the heater circuit as in Fig. 3.1. The heater voltmeter current passes through
the ammeter A, so that it is necessary for greatest accuracy to subtract the voltmeter
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current from the current reading, However, with a 1000 ohms-per-volt meter, the
current is less than 1 mA and the error is quite small with beater currents of the order
of 0.3 A. When measuring filament currents of small battery valves (e.g., 50 mA),
the ammeter zero may be set to read zero when the voltmeter is at its nominal reading
(e.g., 1.4 volts). The current is normally measured with no connections to any other
electrodes. See also Ref. S12, Sect. 2.1,

(d) Heater-to-cathode leakage—This may be tested by applying the maximum
rated direct voltage between one heater terminal and cathode and measuring the
current with a microammeter (say 0-500 pA) with a safety resistance in series (not
greater than 100 000 ohms). The leakage current should be not greater than 20 pA
for ordinary 6.3 volt 0.3 ampere valves, or 50 to 100 pA for power valves, with 100
volts applied.

The heater may be operated with either a.c. or d.c. supply if below 35 volts ; at 35
volts and above it is usual to operate it on a.c. supply. The voltage between heater and
cathode should be applied with both polarities, except in the case of rectifiers where the
heater must be negative with respect to the cathode.

(e) Inter-electrode insulation——This is not normally a regular commercial test,
except to meet service specifications. The test voltage specified is normally 300 volts
for small valves or 500 volts for those which are able to stand the higher voltage.
The insulation resistance may be measured by any ordinary type of insulation tester,
but preferably by an e&ectronic megohm-meter. In this test, the cathode should always
be positive. The test/is carried out on a valve which has reached a stable temperature
under normal operating conditions. The minimum permissible insulation resistance
usually specified is 10 megohms (Ref. S2).

This test is not used between heater and cathode.

(f) Emission—The purpose of the emission test is to ensure that the cathode
emission is adequate to provide the peak and average space currents for the particular
application of the type by a margin which has been found to be satisfactory for good
life and performance.

Emission is normally tested by applying a suitable direct positive voltage to all grids
connected together with the plate, and measuring the total cathode current.

Because of the very high value of the emission current normally drawn from the
cathode, the resulting excessive dissipation of the inner grids and the gas produced as a
result of this dissipation and also as a result of ion bombardment of the cathode, the
emission test is a damaging test and should be performed as seldom as possible and then
always very carefully.

In order to avoid damage to the cathode by this test, the applied voltage must be
sufficiently large to approach current saturation without drawing sufficient current to
damage the valve due to excessive dissipation of the inner grids. At the same time the
test must be of sufficient duration to enable the stability of the emission to be indicated
without being so long as to give risk of poisoning the emission. A safe value generally
accepted for the duration of the emission test is 3 seconds. During this period the
emission should not fall below a value recommended by the valve manufacturer.
In general, emission is a minimum reading. As most of the cathode current goes to the
No. 1 grid, which is usually wound with very fine wire, and treated lightly during
manufacture, the applied voltage must be restricted to a value such that the emission
current drawn does not result in damage to the valve. The voltages normally used in
manufacture are listed below.

Emission testing with applied alternating voltage is also used, but in this case the
test becomes one intermediate between a peak emission test and a high current trans-
conductance test. In practice, there is no exact and simple correlation between a.c.
and d.c. emission tests due to the fact that the a.c. emission current depends in part on
the emission capability of the valve as well as on its geometry. Experience has shown
that mains frequency a.c. emission tests tend to be unreliable owing to the fact that the
emission ‘‘ gets a rest >’ between cycles and, in a practical case, the rating of peak to
average emission current drawn cannot be made sufficiently high to be effective.

Voltages given below are based on JAN-1A (Ref. S2) ; values of voltages and mini-
mum emission currents are given by Ref. 65.
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Signal diodes are normally tested for emission with an applied direct voltage of
10 volts, except that 20 volts are normally applied to type 6H6.

Power rectifiers are normally tested with applied voltages as listed below (suffixes
of valve types have been omitted) :
20 volts—1V, 12A7, 32L.7.
25 volts—84/6Z4, 70L.7.
30 volts—5V4, 6ZY5, 7Y4, 1223, 25A7, 2575, 2526, 3523, 35Z4, 35Z5, 45Z3,
4575, 50Y6, 83V, 117N7, 11724, 117Z6.
50 volts—5Z4, 6W5, 6X5, 724, 28Z5.
75 volts—5R4, 5T4, 5U4, 5W4, 5X3, 5X4, 5Y3, 5Y4, 5Z3.

Amplifier valves are normally tested for emission with an applied direct voltage of
30 volts. Some of the exceptions are listed below :
10 volts-——1ABS5, 6AC7, 6AGS5, 7TE5, TF8, 7G8, TV7, TW17, 26A7.
15 volts—6BES6.
20 volts—1D8, 1J6, 2A3, 3A8, 6AB7, 6AG7, 6SD7, 6SQ7, 6SH7, 1G7, TH17, 7)1,
7L7, 7Q7, 7R7, 787, 19, 28D7, 35L6, 70L7.
25 volts—117N7,
50 volts—6A6, 6B5, 61.6, 6N6, 6N7, 12A5, 24A, 53, 59, 79.
All the voltages listed above are subject to variation by different valve manufacturers.

() Direct interelectrode capacitances—The following information is based on
recognised engineering practice by the manufacturers of American-type valves, and is
in line with the I.R.E. Standard (Ref. S1, S12), the R.M.A.-NEMA Standard (Ref. S8)
and with JAN-1A (Ref. S2).

The capacitances which are measured are direct interelectrode capacitances, and not
the total (self) capacitances which are the sum of two or more direct capacitances.
The measured value of inter-electrode capacitance of a valve is dependent upon the
valve shield or, in the absence of a shield, upon the geometry of the external environ-
ment. It is therefore necessary for the test to be made under strictly specified conditions
of valve shielding and of electrode and internal valve screen connections.

Published values of interelectrode capacitances are stated either for the condition
where the valve is shielded with a specified standard valve shield (see below) or is
unshielded. Interelectrode capacitances are normally measured with the cathode cold
and with no direct voltage applied to the electrodes. The base pins and leads are
shielded from each other and from other elements of the valve so that they and their
connections do not form part of the capacitance being measured. All external metal
parts integral with the valve should be connected to the cathode ; such parts include
lock-in valve bases, metal base shells, and pins with no connection, When capacitance
measurements are made on indirectly-heated valves the heater should be connected
to the cathode unless in special cases the measurement is between the cathode only and
other elements, or the heater and other elements. For valves having elements other
than a control grid, a plate, and a cathode, the additional elements of the active section
including internal shields should be connected to the filament or cathode by the shortest
possible connections. For a multiple-unit valve structure, all elements of the other
section(s) should be earthed except when reading inter-section coupling capacirances.

The test sockers should be Standard Capacitance Sockets as specified by R M.A.-
NEMA (Fig. 3.4A). Valves with top caps should be tested with the R.M.A.-NEMA
Standard Cap Connectors (Fig. 3.4B).

‘The connections to be made to the electroces while testing for interelectrode
capacitances are given below :

Input capacitance is tested by measuring the capacitance between grid and cathode,
the latter being connected to heater, screen and shields ; the plate is earthed.

Output capacitance is tested by measuring the capacitance between plate and
cathode, the latter being connected to heater, screen and shields ; the grid is earthed.

Capacitance from grid to plate for all types of valves is measured with all other
electrodes earthed.
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In multiple unit valves, the capacitance between the grid of one section and the
plate of the other is measured with all other electrodes earthed ; similarly from one
plate to the other.

The input capacitance of a diode is measured between its plate and cathode,
the latter being connected to heater and shields ; other sections are earthed.

The capacitance between diode-plate and grid or plate of other sections is
measured with all other electrodes earthed.

In a converter, the r-f input capacitance is measured between the signal grid
and all other electrodes connected together.

The mixer output capacitance is measured between the mixer plate and all other
clectrodes connected fogether.

The capacitance from oscillator grid to escillator plate is measured with all
other electrodes earthed,

The oscillator input capacitance is measured between oscillator grid and cathode,
the latter being connected to heater and shields ; the oscillator plate and all electrodes
of the other section being earthed.

The oscillator output capacitance is measured between oscillator plate and
cathode, the latter being connected to heater and shields ; the oscillator grid and all
electrodes of the other section being earthed.

The capacitance between oscillator grid and signal grid, or oscillator plate
and signal grid, is measured with all other electrodes earthed.

In converters in which there is usually a r-f voltage between cathode and
earth (¢.g., 6BES), the oscillator output capacitance is measured between cathode
and heater, the latter being connected to screen and shields ; the oscillator grid being
earthed,

The oscillator input capacitance is measured between oscillator grid and all other
electrodes connected together. The capacitance between oscillator grid and cathode
is measured with all other electrodes earthed.

Standard sockets, cap connectors and shields for use in the measurement of
valve capacitances (R.M.A.-NEMA, Ref. S8),

(1) Sockets

The construction and shielding of capacitance sockets and leads shall be such that
when the holes for the insertion of the base pins are covered with a grounded, flat metal
plate, the capacitance between any one socket terminal and all other socket terminals
tied together does not exceed 0.000 10 puF for receiving valves.

{eie— B {

B

FEICE

Fig.3.44. RMA-NEMA Standard Capacitance Sockets (Ref. S8).

The hole for the accommodation of the locating lug of octal and lock-in bases shall
be less than 0.500 inch diameter.

The diameter of holes for the insertion of the base pins (see Fig. 3.4A) shall be
limited to the values shown in Table I. The socket face plate shall be flat and shall
have a minimaum diameter as shown in Table 1. Any structure above the face plate
shall have negligible effect on the capacitance being measured.

A thin insulating film may be permanently attached to the face plates of capacitance
sockets to provide insulation for ungrounded shielding members.



3.3 (i) GENERAL CHARACTERISTICS 97

The socket shall be so constructed that the base of the valve under test will seat
on the face plate.

Table 1.
Base Designation Max, diameter (A)* Max, diameter (B)*
Standard 4, 5, 6 or 7-pin 0.250 in. 3 in.
Octal 0.175 in. 3 in,
Lock-in 0.093 in. 3 in.
7-pin miniature 0.075 in. 2% in,
9-pin miniature 0.075 in. 2% in.

*sce Fig. 3.4A.
(2) Cap connectors.

Standard Cap Connectors shall be made as shown in Fig. 3.4B. A thin insulating
film may be placed on surface X in Fig. 3.4B. Dimensions in inches shall be as
tabulated below.

Designation A B C

Medium Bt d 0.556 0.850
Small Bt 0.352 0.750
Miniature & 0.242 0.750

Fig. 34B. RMA-NEMA Standard Cap Connectors for use in measurement of valve
capacitances (Ref. S8).

(3) Shiejds.
Standard shields are shown in Fig. 3.4C. It is recommended that these shields be
used ag indigated below, or as specified by the valve manufacturer.
Max, seated height

Shield with without
No. top cap top cap
308 GT glass types with T9 bulbs* 3 2% in.
309 G .glass types with T9 bulbs* 33 34 in.
311 G glass types with ST12 bulbs* 45 3% in
312 G glass types with ST14 bulbs* 48 44 in.
G glass types with ST16 bulbs* 5% 4} in.
315 Miniature types with T6} bulbs* — 2% in.
316 Miniature types with T53 bulbs* — 2% in.

(4) Methods of measuring inter-electrode capacitances are described in the
I.R.E. Standard (Ref. S12). The R.M.A.-NEMA Standard (Ref. S8) states that the
r-f bridge method (Refs. 77, S8, S12) and the transmission method (Refs. S8, S12)
shall be the standard methods of measuring interelectrode capacitances ; both methods
are described. These measurements are normally made only in valve laboratories.

*The maximum outsidé giiam:’i;rs of these bulbs are: T9 1-3/16 in.; ST12 1-9/16 in.; STI14
1-}3/16 in. 3 ST16 2-17/16in.; "T54 3/4in.; T6} 7/8 in.
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RMA-NEMA STANDARD SHIELDS FOR USE IN MEASUREMENT OF
VALVE CAPACITANCES (Ref, S8)
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FIG. 3.4C

The significance of interelectrode capacitances and their measurement are covered by
many text books and some articles including Refs. 3, 4, 5, 8, 9, 10, 11, 12, 13, 16, 18,
21, 23, 24, 25, 26, 21, 28, 29, 30, 31, 32, 74, 75, 76, 77.

The special low range capacitance bridge circuit used in the inter-electrode capaci-
tance meter of Ref. 3 is capable of measuring directly the capacitances, with a range from
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0.0001 to 2 uuF, between any two electrodes of a valve with all the other electrodes
carthed, at a frequency of 400 Kc/s.

Capacitances above 2 upF are usually measured on a simple capacitance bridge at
lOOQ ¢/s. Commercial bridges having a logarithmic scale are available for this purpose,
reading from 0 to 30 upF. However, audio-frequency bridges are out of the question
for very low capacitances, because the insulation resistance between electrodes may be
lower than the reactance of a 0.0001 puF capacitance. Even at 1000 Kc/s the re-
actance of this value of capacitance is 1500 megohms,

The capacitance measured with an audio-frequency capacitance bridge is frequently
higher than that measured with a capacitance bridge operating at radio frequency.
‘This effect is associated with the presence of resistive films on the insulators supporting
the valve electrodes. Such films may be caused by deposition of getter or by the evap-
oration of metal from the cathode either during the manufacture or during the life of
the valve. The value of the resistance may be as high as 1000 megohms or more, but is
capable of modifying the measured value of the capacitance and prevents the prediction
at{' tilrlezg)erformance of the valve at frequencies higher than that of the measurement

ef. 23).

The actual capacitance of a valve depends on its operating conditions and the im-
pedances in the electrode circuits. For purposes of specification testing the valve is
tested with the cathode cold and without any voltages applied to the electrodes. Inany
particular case under specified operating conditions the interelectrode capacitances
will differ from the static capacitances measured in this way. For further information
see Chapter 2 Sect. 8(iii) and the references there listed.

(iif) Specific diode characteristics

(a) Rectification test, Power diodes—The rectification test is an operation test
as a rectifier at the maximum ratings for applied r.m.s. voltage with condenser input
filter, and with the maximum rated values of average and peak currents. The basic
circuit is shown in Fig. 3.5 in which T is the plate transformer and T} is the filament
transformer. The average current is measured with the d.c. milliammeter, while the
voltage across R, may either be calculated from the resistance and current or may be
measured by the direct voltmeter ¥. The condenser C, should be an impregnated
paper type.

Fig. 3.5. Rectification test.

FIG. 3.5

The plate supply impedance is that of transformer T, which should be one having
good regulation and low winding resistance.
In a transformer the plate supply impedance per plate is given approximately by
RSNNRRBH"”'R.\: ee (l)
where N =voltage ratio of transformer at no load (primary to half secondary in the
case of full-wave rectification)
(half)) secondary voltage
~ primary voltage
R,,;=resistance of primary winding in ohms
and R, ,.=resistance of secondary winding in ohms (or half-secondary in the case of
full-wave rectification).
If the transformer plate supply impedance per plate is less than the required value,
two equal resistances should be added at points XX in Fig. 3.5 to make up the defi-
ciency. If the transformer plate supply impedance per plate is greater than the required

at no load
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value, the test will not be so severe since it will reduce the peak plate current and also
reduce the output voltage or current.,

In view of this limitation, a rectification test which may be used and which should
be satisfactory for all practical purposes is to make use of the maximum published
conditions with a condenser input filter. These conditons include the maximum
r.m.s. applied voltage, the maximum d.c, load current, the minimum plate supply
impedance per plate and the maximum filter capacitance for these conditions, if
published. In cases where the latter information is not available, it is usually safe to
test with the maximum value of filter capacitance used in the published curves or
typical operation data, provided that the plate supply impedance per plate is equal to
the minimum rated value or to the value used for the curves or typical operation data,
whichever is the greater. In all cases it is essential that the maximum peak plate
current rating per plate be not exceeded.

The rectification test may be used for the purpose of checking the output voltage
and so determining end of life. The circuit constants for the rectification test may te
obtained by the following procedure. The value of R; is given by E;/I, where E,
and I, are the direct voltage and current respectively across the load resistance under
maximum ratings. The value of E, is obtainable from the usual operational curves
published by valve manufacturers, and is the direct voltage for the maximum rim.s.
applied voltage at the maximum value of load current (J;). If curves are published
for more than one value of filter capacitance, the curve corresponding to the highest .
capacitance should be selected. The rectification test should be carried out with the
value of C, equal to that used for the derivation of E,, while the total effective plate
supply impedance per plate should be as specified above. Under these conditions
an average new valve should give a voltage E, and a current I, approximately equal to
the published values, and individual valves will have values either higher or lower than
the average as permitted by the manufacturing tolerances. The end-of-life point is
commonly taken as 80 per cent. of the value obtained with a valve having bogie charac-
teristics (R.M.A., Ref. S7).

The rectification test may be carried out either with full-wave rectification as in
Fig. 3.5 or with half-wave rectification, each unit being tested separately with half the
total average load current. The test is usually performed by inserting a cold valve and
waiting untl it has attained normal temperature.

In all cases, rectifier valves are required to operate satisfactorily in the rectification
test without arcing or sputtering.

Where valve failure has been due to arcing or sputtering, the conditions under
which this occurred may be reproduced for the purposes of testing either by

(1) allowing the valve to heat up to normal temperature from cold, the heater and
plate supply voltages being applied simultaneously, or

(2) operating the valve at normal temperatures with heater and plate voltages
applied, and then “ keying > the plate voltage.

(b) Sputter and arcing

Sputter and arcing are closely akin. When an indirectly-heated close-spaced
rectifier is warming up with plate voltage applied, there is no space charge and the
electrostatic field gradient at any sharp peaks on the cathode surface may be high
enough to vapourize the coating material and lead to the formation of an arc. Even
when there are no sharp points on either cathode or plate, a discharge of gas leading to
an arc may occur when there is no space charge, and the peak current required is
greater than the available emission. Sputter does not usually occur with directly-
heated rectifiers.

Signal diocdes may be tested in a rectification test as an alternative or addition
to the emission test. Diodes in diode-amplifier valves may be tested as half-wave
rectifiers with R;=0.25 megohm, C,=2uF and an applied voltage of 50 volts
r.m.s.

(c) Back emission—Back emission is emission from the plate to the cathode during
the half-cycle when the cathode is positive with respect to the plate. Any appreciable
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amount of back emission results in severe
bombardment of the cathode and ultimate 1, s, Yaive
plate-to-cathode arcing. Back emission under Test S
may be tested by the circuit of Fig. 3.6.
Switch S, is normally closed, and is only ™
opened momentarily while taking a reading.
The combined effect of contact potentials
and initial electron velocities in the 6X5
and 6H6 rectifiers is to cause a residual cur-
rent of perhaps 400 pA to pass through the
back emission meter while S, is closed.
The back emission current is then taken as

the increase in the meter reading when S, FIG. 3.¢ Back Emission Current
is opened. 0-ImA DC.
(d) Zero signal or standing diode cur- Fig. 3.6. Back emission test.

rent—This is usually read by measuring

the current through, say, 0.25 megohm connected between diode plate and cathode
with no signal applied ; the standing diode current is likely to vary during life. It
should be noted that the diode direct plate voltage required to make the plate current
just zero should never be positive if loss of detector sensitivity at very low signal levels
is to be avoided.

(iv) Specific triode, pentode and beam tetrode characteristics
(A) Reverse grid current

Reverse grid current is the sum of gas current, leakage current and grid (primary)
emission current. The test is normally carried out after pre-heating—see Sect. 3(i)
above—since this is the condition which obtains under normal operation in equip-
ment. Reverse grid current is measured by inserting a microammeter* in the grid
circuit in series with a resistor, with maximum plate and screen voltages and dissipa-
tions and maximum cathode current. The circuit used is shown in Fig. 3.1 in which
the microammeter is protected by a shorting key which is only opened when the reading
is to be taken. The maximum value of the grid circuit resistance during the test
as specified by JAN-1A should not exceed 100 000 ohms, although values up to
500 000 ohms are commonly used. The reading is normally taken after the reverse
grid current has reached a steady value.

Alternatively, a suitable value of grid resistor (R ) is connected in the grid circnit,
with a switch for short-circuiting the resistor when desired. With the switch closed,
the grid and plate voltages are adjusted to the desired values and the plate current is
read. The switch is then opened and the grid bias readjusted so that the plate current
returns to its former value The reverse grid current may be computed from

Ic = AEc/R < (2)
where 4E.=change in grid voltage to maintain constant plate current.
When the mutual conductance is known (or as an approximation using the nominal
value) the reverse grid current may be computed from

Grid current in microamperes =1000 47,/g,.R .
where 41,=change in plate current in milliamps.
£ »=mutual conductance in micromhos
and R, =resistance of grid resistor in megohms.

Typical values of maximum reverse grid current in new valves, based on
American JAN-1A Specifications (Ref. S2).

These values apply to types commonly used in radio receivers. They are only useful
as a general guide, since commercial valves may be tested to slightly different specifi-
cations

*Alternatively, an electronic microammeter may be used, incorporating a less sensitive indicating
instrument. One possible form uses a 6SN7-GT twin triode, cathode coupled ; the maximum resistance
in the grid circuit is 50 000 ohms for a 0-3 (A range. This arrangement has the advantage that the
instrument can be made self-protecting so that the indicating meter is not damaged by excessive gas
current.
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High-mu triode (2 465) 0.5 10 0.6 A
Medium-mu triode 1.0 t0 2.0 A
Twin triode—medium mu 1.0 to 1.5 wA each section
high mu (x> 65) 0.5 t0 1.0 A each section
R-F pentode
sharp cut-off (generally) 0.5 10 1.0 pA*
remote cut-off 1.0 t0 2.0 pA
Power output 2.0 10 4.0 nA
Converter 1.010 2.0 pA

*Exceptions are : 6AK5 & 713A 0.1 A, 6AS6 0.2 [A, 6AJ5 0.25 MA, 1231 & 7G7/1232 1.5 pA.

These reverse grid currents apply rigidly only when measured under the specified
electrode conditions (for values see Ref. 65, Sec. 14). These are, in general, identical
with the published typical operating condition or, if there is more than one, at the
typical operating condition having the greatest plate dissipation.

The maximum value of grid current which may be used in any particular application
without seriously affecting the performance, is dependent upon the actual value of
grid circuit resistance—see Sect. 1(v)d.

(a) Gas current (ionization current)—Gas current cannot be readily measured
directlyt. It may be determined approximately by measuring the total reverse grid
current under conditions of maximum dissipation (see above), and then subtracting
the bot leakage current and grid emission current under the same conditions.

(b) Cold and hot leakage—I eakage currents may be measured with a voltage
applied between the grid and each electrode in turn, with the other electrodes floating.
Measurements may be made either with the valve cold (¢ cold leakage **), or immedi-
ately after the filament (or heater) has been switched off after testing for reverse grid
current (* hot leakage ). The grid to cathode hot leakage current, with the grid biased
as for the negative grid current test, may be too small to measure on the microammeter ;
in this case it may be regarded as zero in deriving the gas current. If any grid emission
is present, the procedure will be as indicated in (¢) below.

{c) Grid (primary) emission—Grid primary emission current may be derived
by operating the valve under maximum rated voltages and dissipations for, say, 5
minutes, or until the characteristics have reached stable values, then by increasing
the grid bias to the point of plate current cut-off without any other change in electrode
voltages, and by measuring the negative grid current at this point. This negative grid
current is then the sum of hot leakage and grid emission currents. There is no simple
method of distinguishing between real grid emission current and those hot leakage
currents which fall during the first few seconds as the valve cools. However, it is
generally possible to distinguish hot leakage and grid emission by plotting the cooling
curve of the reverse grid current versus time characteristic (this test cannot be applied
to valves of the pentagrid type).

Grid current characteristics are described in Chapter 2 Sect. 2(iii).

(d) Grid secondary emission—The amount of secondary emission from the grid
of a valve cannot be measured directly. Valves of the same type, however, may be
compared as to the relative amount of secondary emission present by plotting, or tracing
ona CR.O., the positive grid characteristic. If the amount of secondary grid emission
is sufficient for the characteristic to cut the axis, blocking may occur—see Sect. 3(iv)N.
(B) Grid current commencement voltage

The circuit of Fig. 3.1 is used except that the polarity of the grid microammeter is
reversed. The grid voltage is then measured for which the grid current is positive
and of the smallest value discernible on the microammeter (e.g., 0.2 pA).

(C) Positive grid curren

This test applies usually to zero biased r-f pentodes, particularly filament types, to
ensure that conduction«does not occur during service when low screen voltages are
used. The test is normally performed under low screen voltage conditions, with other

tGas current may be measured by the method which converts the desired ion current to an alternating

current by modulation of the jonizing electron stream while leaving undesired stray currents (e.g., leak:
unmmodulated. See Ref. 40. € aving ired sty s (e.8- leakige
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NULL POINT INDICATOR

electrode conditions normal. It is a marter

of experience that the grid current com- DJ.(C’ 2 )
mencement voltage moves in a negative 9000, g:
direction in some filament type pentodes as c N
the screen voltage is reduced. T, s0s - bl
(D) Positive voltage electrode currents . PSSV =

The currents of the positive electrodes Peok & .y
may be measured at the electrode voltages 1000 ¢fs R e N
specified under typical (or any other) opera- a ' o}
ting conditions, by using the circuit of _L- + = ’ﬂ
Fig. 3.1. The valve may be damaged if it < |'|;"|'t§"|;"l'
is operated, even momentarily, at electrode FIG. 3.7 he T e

currents and dissipations in excess of the i . .

maximum ratings. Fig.3.1. Dynamic woltage-ratio method
The electrode currents may tend to drift, ¢f measuring mutual conductance (or

particularly when the valve is operated at transconductance).

other than the cathode current at which it has been stabilized. If a series of curves is

10 be plotted, it is desirable to check one of the earlier readings at intervals during the

test, to see whether the valve has drifted.

(E) Transconductance or mutual conductance*

Transconductance may be determined from the slope of a characteristic which has
been plotted carefully. An approximation to the grid-plate transconductance, which
generally errs on the high side, is to measurs the plate current at equal grid-voltage
increments on either side of the desired voltage, and to calculate the slope—see Chapter
2 Sect, 2(ii).

Grid-plate transconductance and mutual conductance may be measured by many
methods, but the most satisfactory and most generally used laboratory method is‘the
dynamic voltage ratio method developed by Tuttle (Ref. 2).

A simple adaptation which is satisfactory for all practical purposes is described
below. In Fig. 3.7 a 1000 c/s generator is connected to a voltage divider and voltages
E; and E, are applied to the plate (through R, and C,) and grid respectively of the
valve under test. Resistor R, is then adjusted to give 4 null point on the indicator.
Condenser C; is provided to balance out reactive currents arising from stray capaci-
tances ; the secondary of transformer T should be connected in the direction which
allows capacitive balancing.

At balance, the value of mutual conductance is given by

E 1,

. E 3
EnE R, 3

One convenient form is shown in Fig. 3.7 where E; and E, are adjustable in steps
of 10, while R, is variable from 5000 minimum to 100 000 ochms maximum.

Range Grid tap Plate tap E,/E, R, min. R, max.
ohms ohms
1-10 pmbhos C B 1/10 10 000 100 000
10-100 B B 1 10 000 100 000
100-1000 B C 10 10 000 100 000
1000-20 000 A C 100 5 000 100 000

Values of the other components may be :

C,=0.5 uF, Cy;=1 uF, both 400 V working

C;=one gang condenser section

T, =step up transformer, 1 : 2 turns ratio

T.=electrostatically shielded output transformer, with primary
resistance not greater than 50 ohms.

The reactances have been selected to give an error in mutual conductance not greater

than 1 per cent. in each case.

*For definitions, see Chapter 2 Sect. 1.
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Pentodes may be tested if a suitable screen supply is added to Fig. 3.7.

Further information on methods of measuring mutual or transconductance is given
by Refs. 2, 15, 16, 17, 18, 21, 22, 59, 78, 79, 80, 81, 82, 83, 84, S12.

(F) Amplification factor

The amplification factor is usually tested by some form of bridge circuit as in
Fig. 3.8. This is suitable for measurements of z up to 1000. Suggested values of
components are ©
R,=10 ohms, R,=90 ohms, R;=900 ohms, R,=10 000 chms max., L,~=5 henrys
min., L;=20 henrys min. at max. plate current. C,=0.5 uF, C;=0.5 uF, C; may be
two paralleled sections of a gang condenser.

Choke L, should be of very low resistance, so that the voltage drop caused by any
reverse or positive grid current does not affect the point of operation. Transformer
T, should be electrostatically shielded.

The amplification factor is given by

R,
R
where R=effective total grid resistance in grid arm of voltage divider (i.e., either
Ry or Ri+R; or Ry +Ry+Ry).

With R, adjustable from 1000 to 10 000 ohms, position 1 of S, will give a range of
p from 100 to 1000, position 2 from 10 to 100, and position 3 from 1 to 10. A satis-
factory value of signal voltage is about 10 volts peak. Too high a value will result in

- operation over a non-linear portion of the characteristic, while also introducing the

possibility of positive grid current with some types of valves operated at low grid bias.
Capacitance currents may be balanced out by adjusting the value of C, and by moving
switch S, to the position giving capacitance balance.

|
NULL
3 POINT
INDICATOR

L b
- A4
Glpoo:/: FIG. 3.8 FIG. 3.9
Fig. 3.8. Bridge test for measuring Fig. 3.0. Method of testing for plate
amplification factor. resistance.

The amplification factor test of Fig. 3.8 may be used for pentodes with the addition
of a suitable screen supply. For values of amplification factor over 1000 a higher ratio
of the plate and grid arms of the bridge is required, that is R,/R. This will result in
some loss in accuracy at the higher values of u due to capacitance effects.

References to measurement of mu factor and amplification factor : Refs. 2, 15,
16, 17, 18, 21, 22, 78, 79, 80, 81, 82, 84, S12.

(G) Plate resistance
Plate resistance may be measured conveniently by the dynamic voltage ratio method
developed by Tuttle (Ref. 2) and an adaptation is shown in Fig. 3.9. The value of
plate resistance is given by
RiR,
ry=—5— e
Ry
where R;, R; and R; may have any convenient values of resistance.
One possible combination of resistances is :
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Range of r, R, (fixed) R, (fixed) R, (variable)
ohms ohms ohms

1000 to 10 000 ohms 10 000 1000 10 000 to 1000

10 000 to 100 000 ohms 100 000 1000 10 000 o 1000

0.1 to 1.0 megohm 100 000 10 000 10 000 to 1000

1 to0 10 megohms* 100 000 100 000 10 000 o0 1000

*On this range the accuracy is poor.

This circuit may be used for pentodes with the addition of a screen supply. Under
these conditions C, should have a minimum capacitance of 1 ¢F and C, a minimum
capacitance of 0.1 pF (paper dielectric, 400 V working) for a maximum error of 1%
in each case, while choke L, should have an inductance of at least 12.5 henrys for a
maximum error of 1%, (except on the maximum range), for a frequency of 1000 c/s.

On the maximum range, the inductance of L, must be at least 125 henrys for a
maximum error of 1 per cent., but the plate current through L, will normally be only a
few milliamperes on this range. Thus two separate chokes will be required if the
maximum range is to be used. Transformer T should be electrostatically shielded,
and its primary should have a resistance less than 50 ohms. Condenser C, is merely
a blocking condenser of any convenient value, connected in series with the 1000 c/s
source ; it does not affect the readings.

Condenser C; is for the purpose of balancing out capacitance currents ; it may be a
single section of a gang condenser.

The combination of mutual conductance, amplification factor and plate resistance
into a single unit introduces serious design difficulties and necessitates difficult
compromises. A more elaborate combined bridge using Tuttle’s method has been
marketed by the General Radio Company and the theory is published in Ref. 2.

Plate resistance may also be measured by the well known bridge circuit (e.g., see
Refs. 8, 9, 18, 21, 22, S12). ‘The quadrature current may be balanced out by a small
capacitor in the arm of the bridge adjacent to the arm containing the unknown.

References to the measurement of plate resistance : Refs. 2, 15, 16, 17, 18, 21, 22,
33, 78, 79, 80, 81, 82, 84,

- SINUSOIDAL
SIGNAL RESMA SIGNAL
SOURCE “IpF outpytr  SOURCE POWER
VOLTAGE & ouTPUT
AC. METER
-~
“ Epp t FIG. 3.10 FIG. 3.11

Fig. 3.10. Method of testing for a.c. Fig. 3.11. Method for testing for power
amplification (after RMA). ourput.

(H) A.C. amplification

The standard R.M.A. test for a.c. amplification (Ref. S7) is shown in Fig. 3.10.
This is applied to audio frequency voltage amplifier pentodes, and to a-f voltage
‘amplifier high-mu triodes. This is a resistance-coupled amplifier test normally per-
formed at zero bias with a 10 megohm grid resistor. The internal impedance of the
signal source should not exceed 2500 ohms. The testis made at rated heater or filament
voltage and normally with a plate load resistor of 0.5 megohm, and an appropriately
by-passed screen resistor in the case of a pentode. In performing this test, it is
important to specify whether the output voltage is to be read across the plate load
resistor alone (as in the R.M.A. test of Fig. 3.10) or across a capacitively-coupled
following grid resistor of specified value. It is also important, if accurate results are
to be obtained, that the valve voltmeter used be true r.m.s. reading—-that is, one having
a square-law characteristic.

(I) Power ocutput
Power output from the plate may be measured under the conditions indicated in
Fig. 3.11. The peak value of the sinusoidal voltage E, applied to the grid is normally
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equal to the bias voltage E,., unless otherwise specified. The signal frequency is
preferably either 400 or 1000 ¢/s, in order to reduce the size of L and C. The impe-
dance of the choke L at the signal frequency should be at least, say, 7 times the im-
pedance of the load, while the reactance of C should be less than, say, one seventh of
the load impedance.

The power output meter for approximate and routine testing may be of the rectifier/
d.c. meter type. In this case the load resistance will be incorporated in the power
output meter as drawn in Fig. 3.11.

For accurate measurements, however, it is essential to measure either the true r.m.s.
voltage across, or the current through, a load resistor of specified value and unity
power factor. Generally the latter measurement is the more convenient as the current
through the load may be measured by means of a thermo-couple ammeter.

. The power output of a Class B amplifier may be measured either with push-pull
operation or on each section separately. In the latter case the load resistance is one
quarter that of the plate-to-plate value for push-pull operation, and the unit not
under test is tied to the cathode. The power output from one section, owing to shifting
of the loadline, is greater than half the power output with push-pull operation (Ref.
58), but the relationship must be established experimentally in each case. Alternatively,
a resistive load may be connected directly in the plate circuit to give a closer approach
to normal push-pull operation. The value of the resistance is arranged to be one
quarter of the plate-to-plate load resistance with push-pull operation, and the plate
supply voliage equal to the specified plate voltage for normal push-pull operation.
Under these conditions the power output is given by (Ref. 58) :
P,~2.47 (I,—0.251,, R ; (4a)
where P,=power output from one section, in watts
I,==direct plate current in amperes, as measured by a d.c. meter
I,,=plate current with no signal, in amperes,
R =load resistance per section, in ohms.

The value of I, may be taken, with sufficient accuracy for many purposes, as the
publ shed value.

In*all cases with Class B amplifiers the specified value of input voltage is applied
to the grid circuit in series with a specified value of resistance. The plate voltage
source should have good voltage stability, an electronic voltage regulator being satis-
factory. If a plate source impedance is specified, a serjes resistor of the appropriate
value must be inserted in the plate supply circuit.

The relevance of a particular output measured under specified conditions is signi-
ficant only in relation to the distortion present under those conditions.

(J) Distortion

Distortion in the power output test may be measured by one of several suitable
methods, provided that the signal source is truly sinusoidal. The effect of harmonics
from the signal source may be reduced by connecting a low-pass filter between the
signal source and the grid.

The distortion may be measured by a harmonic analyser, of which several types have
been described in the literature. When merely the value of the total harmonic dis-
tortion is desired, as in determining the undistorted output, those analysers which
measure the root-mean-square value of all harmonics present are preferable to those
which measure the separate harmonics.

The method of Suits (Ref. 85) is a particularly good example of the type of analyser
which measures the harmonics separately. The Suits method requires only the simp-
lest apparatus, and where laboratory facilities are limited this advantage may outweigh
the disadvantages involved in the computation of the total harmonic distortion.

The Belfils analyser (Refs. 86, 87) utilizes an alternating-current Wheatstone-bridge
balance for the suppression of the fundamental, and is particularly useful for dizect
measurement of the total harmonic distortion. For maximum convenience, the
frequency of the audio-frequency source should be very stable. This instrument can
be operated so that it is direct reading, by maintaining a constant input voltage.
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In the McCurdy-Blye analyser (Ref. 88), low- and high-pass filters are used to
separate the harmonics from the fundamental. This instrument is superior to the
Belfils type in that the frequency of the source may vary somewhat without necessi-
tating readjustment,

A differential analyser especially designed for power-output work has been described
by Ballantine and Cobb (Ref. 89).

If an iron-cored choke is employed for shunt feed in the plare circuit (Fig. 3.11),
care should be exercised in its selection or design to avoid the generation of harmonics
in it due to the non-linear and hysteretic behaviour of the iron.

For measurement of distortion see Chapter 14 Sects. 2, 3 ; Chapter 37 Sect, 3.
(K) Microphony

There is no published standard test for microphony outside of Service or manufac-
turers’ specifications. However an indication of the miicrophony of valves may be
obtained using the same conditions as the R.M.A. standard audio frequency noise
test (see below). It is reasonable to adjust the amplifier gain to be of the same order
as the gain of the subsequent portion of the amplifier in which the valve is to operate.
Nevertheless, valves unless specifically designed for low-level high-gain pre-amplifier
use, should not be expected to be non-microphonic and free from noise at low levels
when tested under such conditions.

In radio receiver factories the valves are usuaily tested in the chassis in which they
are 1o operate, the set being tuned to a signal generator with internal modulation, and
the volume control set at maximum. Any microphonic sounds which quickly die
away are not considered as cause for removal of the valve, but a sustained
howl is so considered. Such a valve may not be microphonic in another
position in the chassis or in another model of receiver. Actions to be
taken to reduce microphony have been described in Chapter 35 Sect. 3(iv). Not-
withstanding the considerations above, all valves cannot be expected to be non-
microphonic when placed directly in the acoustic field of, and close to, the loudspeaker
in a receiver, particularly in small cabinets.

Ref. S2.

(L) Audio frequency noise

The R.M.A. standard for audio frequency noise test is with normal voltages applied
to all electrodes, and the plate of the valve under test is coupled to the input of an
amplifier with a frequency range of 100 to 2000 c/s (45 db of response at 400 c/s).
A dynamic loudspeaker with a rating of at least 2.5 watts is connected to the output
of the amplifier. The minimum external grid resistance is 100 000 ohms. The gain of
the amplifier and the plate load resistance of the valve under test are to be as specified.
The valve under test may be tapped lightly with a felt or cork mallet weighing not over
} ounce. Any objectionable noise heard in the loudspeaker, is causc for rejection
(Ref, S7). Sec also Ref. S2.
(M) Radio frequency noise

The R.M.A. standard test for radio frequency noise is for normal voltages applied
to all electrodes of the valve under test ; the plate is coupled to the input of a r-f
amplifier (of a radio receiver) at a frequency within the range of 50 to 1600 Kc/s.
The minimum band-width is to be 5 Kc/s at 10 times signal. The audio frequency
response is to be within +5 db of the response at 400 c/s over the frequency range
from 100 to 2000 c/s. A suitable tuned transformer giving a rescnant impedance of
50 000 to 200 000 ohms is to be used to couple the valve under test to the amplifier.
The external grid circuit impedance of the valve under test is to be from 5000 to 25 000
ohms. Other conditions of test are as for the audio frequency noise test (Ref. S7).
See also Ref. S2.
(N) Blocking

Tests on grid blocking are normally applied only to certain types subject to this
characteristic. A valve may be tested for blocking by either of two methods. In the
first method a high positive grid voltage (say 100 volts) is applied instantaneously
with normal electrode voltages and the maximum value of grid resistance. The plate
current should return to its initial value on the removal of the applied voltage.
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The second method (** cross-over ) is to apply a gradually increasing positive grid
voltage with substantially zero grid circuit resistance, and to plot the grid current
characteristic for positive values of grid voltage up to the point at which the grid
current changes from positive to negative (‘‘cross-over ” point). See Chapter 2
Sect. 2(iii).

(O) Stage gain testing

A circuit such as that shown in Fig. 3 11A can be used to measure the gain of a r-f
pentode operating under typical i-f amplifier conditions. Stage gain testing has the
advantage of evaluating at the one time and under operating conditions at the appropri-
ate frequency the effects of all valve characteristics which influence gain, such as mutual
conductance, output impedance, input resistance, reverse grid current and even the
effect of high screen or plate currents in increasing control grid bias or decreasing
screen grid voltages

iM&
A VALVE
A 25M
74 n 4 Quoirueren
I 1€ A
= aMa L S
FIG. 3.11A ) - B+

Fig. 3.114. Method of testing for i-f stage gain,

In Fig. 3.11A the input and output circuits are typical high-impedance i-f trans-
formers with secondary tuning of the first and primary tuning of the second, adjustable
from the front panel of the tester to allow accurate alignment with varying capacitances
in the valves under test. The 1 megohm resistor represents the plate impedance of a
preceding converter stage and the 0.25 megohm resistor simulates the impedance of a
diode detector. Screen and bias resistors are designed to give the required voltages
with a valve of bogie characteristics, and the high impedance in the control grid
circuit allows the effect of reverse grid current to be evaluated.

The output meter is calibrated to show stage gain in db for a given input at 455 Kc/s
and limits are marked on the scale at a suitable number of db above and below the
stage gain of a bogie valve.

(P) Electrode dissipation

The dissipation of an electrode is determined by subtracting the power output
from that electrode —see Sect. 3(iv)I —from the d.c. power input to that electrode.
Where the power output from an electrode is zero, the electrode dissipation is then
equal to the d.c. power input.

(v) Specific converter characteristics
(A) Methods of operation including oscillator excitation

A converter valve essentially includes two sections, an oscillator and a mixer, which
may be either separate units supplied by independent cathode streams as in a triode-
hexode or combined to use a single cathode stream as in the pentagrid types. The
characteristics of a converter depend both on the electrode voltages of the mixer and
oscillator and on the excitation of the mixer by the oscillator.

For purposes of testing, the oscillator may be either self-excited or driven by an
external source of alternating voltage of suitable amplitude ; alternatively a limited
range of characteristics may be determined under purely static conditions with direct
voltages only applied to the electrodes. In general, the latter is not recommended for
routine testing outside of valve factories, owing to the practical difficulties of correlating
characteristics with published characteristics obtained under oscillating conditions.
(1) Oscillator self-excited

This is the normal method of operation in most radio receivers, and although it has
much to commend it as a simultaneous test of both mixer and oscillator sections, the
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oscillator circuit characteristics require to be specified exactly and closely controlled
in order to obtain consistent results. For general service testing, less critical methods
are therefore to be preferred. This method of testing, with a self-excited oscillator,
requires a completely specified oscillator coil, particularly as regards the resonant
impedances presented by the circuit to the valve which, together with the electrode
voltages, determine the peak and average plate currents of the various electrodes. In
practice, it is usually convenient to standardize the circuit by using a valve having
specified characteristics under particular conditions (transconductance, amplification
factor, plate current) and adjusting the resonant impedance of the tuned circuit by
means of the shunting resistor to give a prescribed grid current.

The oscillator frequency is usually either an audio frequency or 1 Mc/s, the latter
being more typical of normal operation
(2) Oscillator driven

This is a fairly commonly used test, because it has less dependence of the mixer on
the oscillator characteristics. It suffers from the disadvantage, however, that inasmuch
as the driving voltage is applied to the oscillator grid, it does not provide a satisfactory
test of oscillator characteristics. With this method of testing, if grid current is regarded
as a criterion of oscillator characteristics, the oscillator emission needs to be adequate
only to supply the rectified current resulting from the excitation but may be quite
inadequate to supply the high peak oscillator plate currents which may occur in normal
operation, the values of which depend upon the impedance in the oscillator plate
circuit.

For this reason, it is generally more satisfactory in service testing to use the driven
method with prescribed excitation to test the mixer characteristics and to test the
oscillator by means of either a transconductance ‘test at a high plate current or a
prescribed self-excited oscillator circuit test which calls for a reasonably high peak
plate current, with rectified grid current as the criterion. In the latter case provided
the oscillator circuit characteristics, that is the resonant impedances presented to the
valve, are precisely specified the test is not critical as regards grid current.

(3) Static operation ‘

With this method of testing, static voltages are applied to all electrodes and the
electrode currents are measured.
(B) Specific characteristics
(a) Reverse signal grid current

This test is performed under the same general conditions as for triodes and pentodes,
except that the method of operation may be with the oscillator self-excited, or with the
oscillator driven, or with static operation.

(b) Signal grid current commencement

In general this test may be performed as for triodes and pentodes, except that the
oscillator may be either self-excited or driven.

(¢) Mixer positive voltage electrode currents

These may be measured, in general, as for wiodes and pentodes, except that the
oscillator may be either self~excited or driven.
(d) Mixer conversion transconductance*

Mixer conversion transconductance is determined from measurements of the
magnitude of a beat-frequency component, (f;—f2) or (fi+fs), of the output current,
and the magnitude of the input voltage of frequency f, where f; is the oscillator fre-
quency. The method of measurement which has been standardized by JAN-1A (Ref.
82) and R M.A. (Ref. 87), and which uses a driven oscillator, is to apply voltages of
identical phase and frequency —usually mains frequency for convenience—to the
specified electrodes (that is the signal and oscillator grids) with provision for a phase
reversal of 180° of one with respect to the other. The change in direct plate current due
to the phase reversal represents the difference-frequency plate-current component.

*Also referred to as conversion conductance. Mixer conversion transconductance is defined as the
quotient of the magnitude of a single beat-frequency component (f1+f2) or (f1-f2) of the output
electrode current by the magnitude of the control-electrode voltage of frequency /1, under the conditions
that all direct electrode voltages and the magnitude of the electrode alternating voltage f remain constant
and that no impedances at the frequencies /1 or f2 are present in the output circuit, and that the magni-
tude of the signal voltage f1 is very small,
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This value divided by twice the peak value of the sinusoidal voltage applied to the
signal input electrode is taken as the mixer conversion trans'con_ductanc':q. Specified
voltages are applied to the valve electrodes under specified circuit conditions anq the
oscillator excitation voltage is adjusted to the specified value or to give the specified
oscillator grid current. Other methods of testing are acceptable if correlated with this
method.
The relationship may be expressed in the form
. I (20 1 b2 4

T (4b)
where g .=conversion conductance in mhos
) I,,=plate current for the in-phase condition of signal and oscillator voltages

E, and E, in amperes
Iy, =plate current for the out-of-phase condition of E, and E,, in amperes

and E, ,=peak value of the signal voltage,

It should be clearly understood that the value of conversion transconductance
measured by this method is dependent on the signal grid voltage and on the curvature
of the mixer characteristics and consequently only approaches a true  differential ”
wransconductance at the point of operation, as distinct from an average value, if the
signal grid voltage amplitude is sufficiently small. In most cases, if the signal grid
voltage does not exceed say 25 mV, exact correlation can be obtained for all types.
At higher values, up to 100 mV, the error may be acceptable, depending upon the type
and the condition of operation.

Fig. 3.12. Phase reversal
method of measuring con-
version  transconductance.

FIG. 3.12

The circuit is shown in Fig. 3.12 in which one double-wound transformer, T,
with two secondary windings provides the signal and oscillator voltages, which are
controlled by means of potentiometers R, and R,. A switch S permits phase reversal
of the signal voltage. The grid coupling capacitor G, and grid resistor R, are provided,
with a meter to mcasure oscillator grid current through R,. In the plate circuit of the
valve under test there is a by-pass capacitor C, and iron-cored choke L to pass the
direct current I, from the plate voltage source E,,. The increase in plate current is
measured by the low resistance microammeter M after the standing current I,
has been “ bucked out * by the bucking battery B and rheostat Ry which should have
a minimum resistance at least 100 times that of the microammeter.

In order to obtain exact results, as indicated previously, very small signal voltages
are required, which produce only small incremental readings of plate current and demand
stabilized electrode voltage sources. In any particular case, the signal voltage may be
increased until the error due to the large signal voltage becomes measurable, and tests
should then be carried out at a somewhat lower signal voltage.

If a signal voltage of 1/24/ 2 volt (0.5 volt peak) is used, the incremental plate current
in milliamps then reads conversion transconductance in milliamps per volt. It seems
that values of transconductance frequently quoted in published data are obtained
using the above-mentioned value of signal voltage, as in many cases the true conversion
transconductance under the conditions published differs from this value. As a result,
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it is frequently difficult to calculate the exact performance of converter stages from
published data of the converter used.

The shape of the curve of conversion transconductance plotted against oscillator
grid current is very much influenced by the signal voltage used in the tests. The actual
operating conversion transconductance in a practical case is a function of the input
signal level.

The phase-shift method of testing conversion transconductance is the only absolute
experimental method of measuring this characteristic, and accurate results can be
obtained provided all electrode voltages, including signal and oscillator excitation
voltages, are well stabilized, the electrode supply voltages free from hum, the excitation
voltages sinusoidal, of low frequency and correct phase and the signal grid voltage
sufficiently small.

Side-band method

The side-band method of measuring conversion transconductance is shown by the
circuit of Fig. 3.13. The oscillator may be either self-excited at any convenient
frequency, say 1 Mc/s as in Fig. 3.13, or may be driven. A signal voltage E; at audio
frequency (say 1000 ¢/s) is applied to the control grid. The oscillator is adjusted to give
the required grid current through the specified grid resistor R,. In the plate circuit there
is a resonant circuit L, Cy, tuned to the oscillator frequency and shunted by a resistance
R,, the value of which should be as low as possible and which should not exceed
10 000 ohms.

o o] oroot ol
R-F ! !
AMR | | l
| [4 |
: T !
o ofd o
L = |
FIG, 3,13

The voltage across the resonant circuit comprising the oscillator frequency, the signal
frequency and the two resulting sidebands are applied to a radio frequency amplifier
followed by a diode detector across whose diode load is connected a valve voltmeter
to indicate the amplitude of the audio frequency components. If an r-f amplifieris not’
used, the region of non-linearity of the diode characteristic results in the calibration of
the system being dependent on the voltage developed across the tuned circuit and would
thus be unsatisfactory for valves of low conversion conductance. However, the r-f
amplifier may be omitted provided the signal applied to the diode is sufficiently high
to ensure linear rectification. Where this is not so, the simplified circuit may not be
suitable for measurements of low values of conversion conductance.

If the r-f amplifier is omitted, the signal voltage E; may be about 0.5 volt peak, and
R, may be 10 000 ohms.

The tester must be calibrated against the standard phase reversal method and the
circuit may be adjusted so that the meter is direct reading.

(e) Mixer plate resistance

This may be measured either with a sclf-excited or driven oscillator, the value of
plate resistance being not affected by the method used. Measureme_mt of plate resistance
is performed as for a pentode, except for the excitation of the oscillator.

(f) Mixer transconductance .

This may be measured as for a pentode valve, except that the oscillator should be
either self-excited or driven,
(g) Oscillator grid current

The oscillator performance of a converter valve depends upon several valve and
circuit parameters that are not simply defined.
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The oscillator grid current may be used as the criterion of oscillator performance
in a self-excited oscillator, operating under specified conditions, The circuit should
be designed to draw typical peak and average total space currents. The Boonton
Converter Oscillator test circuit is widely used to check oscillator performance, owing
to its simplicity of design and ease of adjustment and control and, while not giving an
exact criterion of oscillator performance, does provide a dynamic test of the usual
parameters under conditions that simulate average receiver operation.

RS La RS
L|

L,

FiG.3.14

Fig. 3.14. Self-excited oscillator, using
the Hartley circuit, for testing oscillator
performance.

The circuit (Fig. 3.14) is a series-fed Hartley having a fixed feedback ratio and having
the tank circuit impedance variable so that the magnitude of oscillation may be
adjusted. Normal voltages are applied to all electrodes.

It is necessary to specify the oscillator plate voltage, oscillator plate series
resistor (if used), oscillator grid resistor (R,) the inductance of each section of the coil
(L;5 Ly), the mutual inductance between the two sections (M), the capacitance shunted
across the whole coil (C), the grid coupling capacitance (G,), and the resonant imped-
ance of the tuned circuit (R;). Normally a coil having a higher reactance than the
specified value of resonant impedance is used and is shunted by a variable resistance
(R,) 1o give the specified resonant impedance. Bias is obtained by means of a capacitor
and a wire-wound gridleak, The wire-wound grid resistor is used because it has con-
siderably higher impedance to radio frequencies than to direct current. The high
radio-frequency impedance diminishes the shunting effect of the gridleak on the tuned
circuit. The rectified grid current is read on a microammeter (suitably by-passed) in
series with the grid resistor. Before the test oscillator is used, the relationship between
the tuned impedance of the tank circuit and the setting of the variable resistor must
be determined

The R.M.A. standard (Ref. §7) and JAN-1A (Ref. S2, sheet dated 19 July, 1944)
specify the component and coil design values as being : C=100 puF (mica); C,=
200 puF (mica) ; R;=50 000 ohms potentiometer ; R,=50 000 ochms wire-wound
resistor ; L, =83 pH ; L,=48 uH : M=23.3 uH ; coil diameter=1.25 in. ; ‘winding
length=59/64 in. ; wire No, 30 a,w.g. enamelled copper ; turns=83; tap at 83
turns from anode end. See also Ref. S12.

The constants quoted above have been selected to simulate average circuit conditions
in broadcast receivers for composite converters having transconductances less than
1500 umhos at zero bias. For valves having higher transconductances or for circuits
above broadcast frequencies, the circuit with the constants given may not be satis-
factory, as spurious oscillations may make it impossible to obtain correlation between
test readings and receiver performance.

The ability of a valve to oscillate when the shunt impedance of a tank circuit is low
is ane criterion of the value of a valve as an oscillator, The oscillation test is made by
applying the desired electrode potentials to the valve under test and reading the rectified
grid current at some known setting of tank-circuit impedance. A valve that will got
oscillate with the tank-circuit impedance below about 9000 ohms is considered to be a
weak oscillator. A valve that will oscillate with a tank-circuit impedance as low as
3000 ohms is considered to be a strong oscillator. The minimum tuned impedance at
which oscillation will start or cease as indicated by the rectified grid current will
depend on the oscillator characteristics of the particular type and will vary from type
o type.
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(h) Oscillator plate current

The oscillator plate current may be read while the valve is being tested for grid current
as a self-excited oscillator, or alternatively at zero grid voltage and specified plate
voltage (usually 100 volts).
(i) Oscillator transconductance

The oscillator transconiductance is usually measured at zero grid voltage and specified
plate voltage (usually 100 volts).
(3 Oscillator amplification factor

The oscillator amplification factor is measured as for any triode, usnally with 2 plate
voltage of 100 volts and zero grid voltage.
(k) Oscillator plate resistance

The oscillator plate resistance is measured as for any triode, usually with a plate
voltage of 100 volts and zero grid voltage
() Signal grid blocking

" Signal grid blocking may be treated as for the general case of grid blocking in Sect.
3(@v)N.
(m) Microphony

The general remarks in Sect. 3(iv)K regarding microphony apply also to converters.
‘(n) R-F noise

Converters may be tested for r-f noise under published electrode voltage and typical
receiver circuit conditions, following the relevant recommendations of the R.M.A.
r-f noise test—see Sect. 3(iv)M.
(vi) Tests for special characteristics

The following tests are not normally applied to receiving type valves and the
undermentioned information is provided to assist designers in obtaining data of these
characteristics for particular purposes.
(A) Short-circuit input admittance (yi)

At frequencies up to 10 Mc/s it is possible to use conventional bridge methods for the
measurement of the four admittances, but at higher frequencies some version of the
susceptance-variation or resistance-substitution method is necessary.

-0
SIGNAL
GENERATOR

Fig. 3.15. Semi-schematic diagram of equipment for measuring admittances by the
susceprance-variation method (Ref. S12).

T is the 4 terminal transducer to be measured, Y, and Y, are cahbrated variable-admittance
elements which may be of various forms, such as coils or capacitors. V, and V., are signal-
Sfrequency voltage-measuring devices ; these may be simply crystal or diode voltmeters or
heterodyne recetyers. Variable admittances Y ., and Y o, are used for coupling the input
or output circuits to the signal oscillators.

FiG.3.15

(1) Susceptance-variation method of measurement (Refs. 51, S12)

In this method, the circuit is detuned with either the capacitor or the inductor
adjustment to a point giving half the power output observed at resonance. The incre-
ment in susceptance, determined from the capacitance calibration curves, is then equal
to the circuit conductance. In practice, the mean value obtained by using the half-
power points on each side of resonance is used.

Using the circuit of Fig. 3.15 (Ref, S12)—

(a) Short-circuit the output terminals 2-2. This may be done either by detuning
Y, sufficiently or by placing a suitable by-pass capacitor directly across terminals 2-2.

(b) Excite the input circuit by coupling the signal oscillator loosely through ¥
1 Yl.
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(c) Adjust Y, for resonance as indicated by a maxzimum rcading of V,. In order to
insure that the-coupling to the oscillator is sufficiently small, reduce the coupling until
further reduction does not change the setting of Y, for resonance. Record the cali-
brated values of G, and B, for this setting.

(d) Vary Y, on either side of resonance until the voltage V, is reduced by a factor
1/ +/2. Record the calibrated values of this total variation of Y, between half-power
poitits as AG; and 4B,. In order to insure that the oscillator and detector are not
loading the circuit, reduce the coupling until further reduction does not change the
susceptance variation 48,. The short-circuit input susceptance is then given by the
relation

By=—B, 5
and the short~circuit input conductance by the relation
yu=34B[(14+29D)1 + 9] -G, 6)
or yu~A3AB[14- 7471 -G, )
or even further by the relation
yu~14B,—G, (8)
if 4 s negligtble.
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Fig. 3.16. Circuit diagram of equipment used for measurement of short-circust input
admittance (Ref. 51).

A practical form (Ref, 51) for the frequency range 50 to 150 Mc/s is shown in Figs
3.16and 3.17. The valve under testis used as a part of 'a resonant circuit which includes
a continuously-variable inductor and a small concentric-cylinder capacitor built on a
micrometer head. The high-potential end of the inductor is connected to the high-
potential electrode of the micrometer capacitor inside a cylindrical cavity open at the
top. Fig. 3.17 also shows the positions of some of the by-pass capacitors used with the
octal socket. These are button-type, silver-mica capacitors of approximately 500 upF
capacitance. The socket is of the moulded phenolic type. Terminals 1, 3, 5 and 7 are
connected directly to the mounting plate at a point directly below the terminal in each
instance. Terminals 2 (heater) and 6 (screen grid) are by-passed to ground, and a lead
is brought from each of these terminals through the mounting plate to a small r-f
choke and a second by-pass capacitor. Terminal 8 (plate) is by-passed and fitted
with a spring contacting the terminal for one of the circuits, Terminal 4 (grid) has
ofily the contact spring. A similar arrangement is used with miniature valves. In
thfs cise, the socket is of the wafer type with mica-filled rubber insulation. Terminals
2, 3 and 7 are grounded and terminals 4, 5 and 6 are by-passed to ground. Terminals
1 (grid) and 5 (plate) have contact springs. The by-pass capacitors are closer to the
mounting plate than in the case of the octal socket ; the capacitors at terminals 4 and
6 gverlap the eapacitor to terminal 5. A 10 ohm resistor, mounted inside a cylindrical
shicld to minimize lead induetance, is connected between socket terminal 5 (plate)
and the by-pass capacitor. This component was added to suppress a parasitic oscilla-
tion ebserved with certain type 6AKS5 valves. The resistor was found to have no
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FIG. 3.17
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Fig. 3.17. Physical arrangement of circuit elements of Fig. 3.16 (Ref. 51).

measurable effect on input admittance readings obtained with valves, either of the
6AKS type or of other types, not subject to the parasitic oscillation.

In order to obtain susceptance values, the circuit must first be calibrated for the
capacitance required for resonance at each test frequency. The circuit is calibrated
by determining the inductor settings for resonance with each of a number of small,
disc-shaped, calibrating capacitors substituted for the valve. The inser: in the lower
left corner of Fig. 3.17 shows a cutaway view of the cavity with one of the.calibrating
capacitors in place. The length of the phosphor-bronze contact spring used with the
calibrating capacitors is approximately the same as that used with the valve. Thus,
the inductance of this lead is accounted for in the calibrating procedure. The reference
terminals for the valve are the socket plate and the grid terminal of the sacket or,
possibly, a point on the grid terminal a little inside the body of the socket. The
calculated inductance of the contact spring is 4.5 milli-microhenries per centimeter of
length within about 25 per cent., but the difference in effective lengths of the springs
for the socket connection and the calibrating connection is not mere than 2 or 3
millimeters.

The range of the micrometer capacitor is sufficient for measurernents of the cireuit
with the calibrating capacitors, with most cold valves, and with some valves under
operating conditions. For other cases, adjustment of the inductor is required.

If the conductance being measured is small enough to be measured by the available
range of the micrometer capacitor, the susceptance and conductance variations between

1/+/2 voltage points are given by
4B=wdC
and 4G =0
where w is the angular frequency of measurement and 4C is the micrometer capaci~
tance variation between the half-power points.
The calibration curves used at each test frequency are :
(1) Capacitance for resonance
(2) Slope of the capacitance curve
(3) Conductance at resonance of the circuit with the calibrating capacitors.
These three quantities are plotted against the inductor adjustment readings. m
the conductance values for the calibrating capacitors themselves are too small to
the calibration appreciably, the conductance curve corresponds, essentially, to the

equipment.
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(2) Resistance-substitution method of measurement

The resistance-substitution method applies only to the measurement of the conduc-
tive component of the admittance. The susceptive component must be measured by
means of a calibrated susceptance clement, as for the susceptrance-variation method of
measurement. Ideally, the resistance-substitution method involves, in the case of a
two-terminal admittance, the removal of the electron-tube transducer from the
calibrated admittance element and its replacement by a standard pure resistance of
such a value that the voltage reading between the two terminals is the same as that
obtained with the transducer in place. The calibrated susceptance element must be
adjusted to resonance both before and after substitution of the resistance. If the
measurement is of y,;, the following relations are obtained :

By, =—B, )]
as in (1) above, and

Gu=1/R (10)
where R is the standard resistance of a value that satisfies (10).

There are practical difficulties in obtaining standard resistors having negligible
reactance at frequencies of the order of 100 Mc/s or higher. Wire-wound resistors are
not usable at such frequencies. The most satisfactory types available are the metallized~
glass or ceramic-rod resistors of relatively small physical size, having low-inductance
terminals and very little distributed capacitance. A further difficulty arises from the
fact that such resistors are obtainable only in discrete values of resistance, It would
not be practicable to obtain the very large number of resistors needed to match the
resistance of any electron-tube transducer. Hence, it is necessary to utilize a trans-
formation property of the admittance-measuring equipment in order to match any
arbitrary admittance with some one of a reasonably small set of standard resistors.
A suitable resistance-substitution set consists of a transmission line of length 7 short-
circuited at one end, having a characteristic admittance Y, and a propagation constant
y. If a known admittance Y is placed across the line at a distance x from the short-
circuited end, the admittance Y, at the open end of the line is given by the relation

1
Y, =Y|sinh yx)* Y sinh yx 11
[sinh v | |1 ook ¥ (=) an

Conversely, the admittance Y, is the admittance that would have to be placed at the
open end of the line to produce the same effect there as the known admittance Y at the
position x. Equation (11) then represents the property of the transmission line of
converting admittance ¥ at position x into admittance Y, at position /. This expression
can be simplified for a low-loss line having a characteristic admittance Y, large com-
pared with the bridging admittance Y. Thusif ¥,>Y,

Y sinhyx ,

70 Sinhylsmhy(l— x) 4 <1, (12)

and the real part of the propagation constant y of the line is small,
sinh yx|® [sinh gx]* 13
sinh ! | | sinh gl s
where f=2n/A Equation (11) then simplifies to
| sin Bx |*
Y=Y Al (149)
If Y is a pure conductance of value 1/R, then Y, is the pure conductance
_1[sin gx1?
Gr= B [;Fﬁl ] (15)
In the measurement of the short-circuit input admittance Y, a low-loss transmission
line of large characteristic admittance is coupled loosely to an oscillator near the short~
circuited end. At the open end are a voltage-detecting device and a calibrated

capagcitor, by means of which B, is obtained from (9). With the unknown transducer
across the open end and the capacitor adjusted to obtain resonance, a voltage reading
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is taken. The transducer is removed and one of the standard resistors placed across the
line bridging the two conductors. The position of this resistor along the line is then
adjusted and the system is readjusted for resonance with the calibrated capacitor until
the voltage, as measured at the end of the line, is the same as before. By (15) we have

Gu—G,— L[ Bx ]’ (16)
R sin Bl
where R is the resistance of the standard placed x centimeters from the short-circuited
end of the line. Tt is evident that a resistor must be selected having a resistance value
near to but not larger than the reciprocal of Gy,.
Since the transmission line should have low loss and low characteristic impedance,
a coaxial line is desirable. The line will require a longitudinal opening or slot in order
to permit one of the standard resistors to bridge the line at an adjustable position to
satisfy the required voltage condition. A valve voltmeter is capacitively coupled
to the open end of the line across which the electron-tube transducer may be attached.
Socket and filter arrangements for wire-lead valves can be attached to this lne.
Radiation difficulties arising from the longitudinal opening in the line, together with
the increasing difficulty in obtaining resistance standards at frequencies much above
300 Mc/s, appear to make this type of measuring equipment impracticable for measure-
ments at higher frequencies on surface-lead valves. Ref. S12,

(B) Short-circuit feedback admittance (y,,)
Susceptance-variation method of measurement

See (A)] above for general description.

(a) With the input termination still set at the value for resonance obtained in step (c)
in (A) above, excite the output circuit through Y .,. In the event that oscillation diffi-
culties are encountered, detune the output circuit ¥ or load it until oscillation stops.

(b) Record the voltmeter readings V; and V.

The magnitude of the feedback admittance is then given by the relation

V,|4B 1
[y1e] = 7; —2—1[(1+2’)2)‘."—¥- nJ Qa7
. v,)4B,}
or RE 17; 3 ILI R ’72] (18)
NE‘EI!K!J 19
or |yiel R 2 ’Vz (19)

where 4G, and 4B, are the values obtained in the preceding measurement of yy;.
Ref. S12.

(C) Short-circuit output admittance (y,.)

The short-circuit output admittance may be measured by following the procedure
outlined for the short-circuit input admittance, the signal being coupled through Y ...
If the subscripts 1 and 2 are interchanged, all of the above formulae concerning y,
may be used to relate s, to the measured data.

Ref. S12.

(D) Short-circuit forward admittance (y,)

The magnitude of the forward admittance may be measured by following the
procedure outlined previously for the measurement of the magnitude of y,;. If the
subscripts 1 and 2 are interchanged, all of the formulae concerning y,, may be used to
relate y,, to the measured data.

Ref S12.

(E) Perveance
(1) Perveance of a diode
The perveance of a diode may be derived by plotting the current against the three-

halves power of the voltage, when the slope of the curve will give the value of G.
Voltages should be chosen sufficiently high so that such effects as those produced by
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contact potential and initial electron velocity are unimportant. If this is not possible,
a cofrection voltage « should be added to the diode voltage, where
e=(3/2)I 1y —ey
where r,==anode resistance of diode,
Ref, 812,

{2) Perveance of a triode

‘The perveanice of a triode may be derived as for a diode where the diode anode

voltage is taketi as the composite controlling voltage
, et/ )
i Eey @0

Multi-grid valves may be considered, with sufficient accuracy for most purposes, as
triodes with the screen grid as the anode and the screen grid voltage as the anode
voltage.

Low voltage correction—The effects of initial electron velocity and contact
potential may be represented by an internal correction voltage e that is added to the
composite controlling voltage, where

31, u pe e,

C2a(ptD)  ptl @n

The value of g,, to be used is that obtained with all the electrodes except the cathode

and control grid tied together to form an anode which is held at the voltage ordinarily
used for the screen grid.

Ref, S12,

(vii) Characteristics by pulse methods—peint by point

The characteristics of valves in the region where electrode dissipations or currents
exceed safe values may be obtained by pulse methods, in which the valve is allowed to
pass current only for short intervals of such duration and recurrence frequency that
it is not damaged.

——OPLATE
PLATE 7 SCREEN Sscreen
VOLTAGE ~ & | vourace | A
REGULATOR REGULATOR D> CATHODE
@)-
A\
PULSE GRID
i} STABILISED
GENERATOR SUPPLY Y RiD
HEATER 5
VOLTAGE V)  HEATER
FIG. 3.18 SOURCE N

Fig. 3.18. Circuit for measuring electrode currents using single pulse generator method
(I=peak-reading current indicator, E=peak-reading voltage indicator, V=moving coil
voltmeter). If high accuracy is required, correction should be made for the voltage drop
across the current indicators. The regulation of the electrode supplies is not important
for point by point testing, provided that the shunt capacitors are sufficiently large.

(a) Single generator method

The valve is operated with the desired screen and plate voltages, but with the grid
biased beyond cut-off, in the absence of pulses (Fig. 3.18). Ifsecondary emission effects
produce a negative impedance, the pulse generator must be shuated by a non-inductive
load resistor of such value as to maintain an overall positive impedance at its terminals.
Refs, 38, S12.
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(b) Multiple generator method

With this method, no direct voltages are applied but each electrode has its own pulse
generator, all generators having their pulses synchronized. This method is not
commonly employed with receiving type valves. Refs. 68, 72, S12.

References to characteristics by pulse methods : Refs. 38, 68, 72, 93, S12.

(c) Pulse generators

Pulse generators are of several types. In the capacitor dischatge type a condenser
is switched from charge to discharge through the valve under test. If there is no series
impedance, the peak voltage applied to the valve is equal to the charging voltage.
However, because of the very short duration of the pulse, an accurate current indicator
is difficult to design.

Refs. 68, 69, S12.

A rectangular pulse shape is obtainable from a direct supply source in series with a
high-vacuum triode (or several in parallel) whose grid is normally biased beyond cut-off.
A rectangular control pulse, obtainable from a conventional source, is applied in the
grid circuit to permit the triode to conduct only during the duration of the pulse.
(Ref. S12). Alternatively an ignitron may be used (Ref. 38).

A half sine-wave, or portion of a half sine-wave, pulse is obtainable from an alter-
nating source with gas triode or other control to provide the desired gap between
pulses. Alternatively a d.c. source may be used with a gas triode and LC network.
Ref. S12.

(d) Peak-reading voltage and current indicators

The input circuit must have a time constant that is large with respect to the time
interval between successive pulses. The greatest accuracy is obtained with a rectan-
gular waveform, good accuracy may be obtained from a half sine-wave, while the
sharply peaked capacitor discharge method is the least accurate.

A peak-reading voltage indicator may be employed to indicate peak current by using
it to measure the peak voltage drop across a non-inductive resistor of known resistance.

One form of indicator is a diode type valve voltmeter with a high resistance load
shunted by a large capacitance. The use of this indicator for current-measuring
purposes may result in serious errors if the electrode characteristic of the valve under
test exhibits any negative slope.

A cathode ray oscillograph may be used directly to measure peak voltage, or peak
voltage drop across a non-inductive resistor of known resistance, provided that there is
no negative slope in the electrode characteristics. If negative slope is likely to occur,
a linear horizontal sweep voltage, synchronised to the pulse generator frequency,
may be used to spread out the current trace. In this manner the detection of possible
errors is simplified. The vertical deflection corresponding to the maximum horizontal
deflection is the one required ; for characteristics having only positive slopes, this
vertical deflection will also be the maximum,

Amplifiers may be used provided that they are designed with sufficient bandwidth
and sufficiently linear phase-frequency response for the high-frequency components
of the pulse. The attenuator should be capacitively balanced, making the ratio of
capacitance to resistance of all sections alike.

Reference to peak-reading indicators : Ref. S12.

(viii) Characteristics by curve tracer methods

A characteristic curve may be traced on the screen of a C.R. tube, using a suitable
type of pulse generator for one electrode and fixed voltages for the other electrodes.
The simplest characteristic for this purpose is the grid voltage versus plate current
characteristic, either with zero plate load resistance or with a specified load resistor
(* dynamic > characteristic).

A triangular or half sine-wave pulse generator characteristic is satisfactory. The
grid is normally biased beyond cut-off, but is swung over the useful range of voltages
by the pulse.
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The plate voltage versus plate current characteristic may be traced by maintaining
the grid (and screen, if any) at constant voltage and by applying the pulse voltags to
the plate. This requires a peak voltage of several hundred volts for receiving valves,
together with high peak currents. The grid voltage must be maintained constant, the
regulation requirements being severe. The regulation requirements of the other
electrodes are not important, if large capacitors are used.

A method of showing the two axes for any single characteristic is described in Ref. 73
which makes use of a standard vibrator.

References to curve tracer methods : 37, 39, 69, 70, 71, 72.

Display of valve characteristics

If it is desired to view a family of curves, the voltage of one electrode must be
changed in steps for successive pulses. This may be accomplished by means of
synchronous contactors (Refs. 34, 35, 36) or by electronic means (Ref. 39). Good
regulation (high stability) for the electrode voltage supplies is very important.

See also Refs. 37, 90, 94, 96, S12.

SECTION 4: ACCEPTANCE TESTING
(3) Relevant characteristics (i) Valve specifications (iif) Testing procedure.

(i) Relevant characteristics

The relevant characteristics for acceptance testing are those characteristics that are
subject to deterioration subsequent to manufacture, it being assumed that the valves
have satisfactorily passed the valve manufacturing test specification, These relevant
characteristics for acceptance testing may be divided into mechanical and electrical
characteristics. )

Mechanical characteristics that require checking for faults include loose bases and
top caps, dry joints in connections, cracks in envelopes caused by glass strain, damage
resulting from inherent strain or careless handling, damage to internal structure
resulting in misalignment of electrodes, shorts and open circuits, loss of vacuum,
noise and microphony from excessive handling causing damage to the mount and micas.

Electrical characteristics that require checking for. faults include gas, a relevant
dynamic test, emission and noise.

(ii) Valve specifications
The most widely known of the official specifications are those of the British (K1001)
and American (JAN-1A) authorities covering types used in their respective areas.

(iif) Testing procedure

The testing procedure in each case is as laid down in the prescribed specifications.
Where, however, valves do not require to be accepted to a prescribed specification,
it is satisfactory to adopt the following procedure :

(a) Visually inspect all valves 100 per cent. for mechanical defects.

(b) Test all valves 100 per cent. for shorts and open circuits.

(¢) Select at random from all the valves a representative sample (or samples) and
test for a suitable dynamic characteristic using established statistical acceptance pro-
cedure.” The test selected should give a satisfactory indication of the overall per-
formance of the type in its normal application.

References to sampling inspection : Refs. 42, 43, 44.
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SECTION 5: SERVICE TESTING AND SERVICE TESTER
PRACTICE*

(i) Purpose and scope of service testing and discussion of associated problems.
(ii) Fundamental characteristics which should be tested.
(iii) Types of commercial testers.

(iv) Methods of testing characteristics in commercial service testers
(a) Shorts testing
(b) Continuity testing
(c) Heater to cathode ieakage
(d) Emission testing
(e) Mutual conductance testing
(f) Plate conductance testing
(g8) Reverse grid current testing
(h) Power output testing
(i) Conversion conductance testing
() Oscillator mutual conductance testing
(k) Noise testing
() A.C. amplification testing.
(v) A.C. versus d.c. electrode voltages in testers.
(vi) Pre-heating.
(vii) Testing procedure,

(i) Purpose and scope of service testing and discussion of associated
problems

Service testing is only carried out on valves which have previously been factory
tested and which have also operated satisfactorily in a new receiver. The faults to be
expected are those which may occur after manufacture.

Service testing is for the purpose of determining either

(1) whether or not a valve in working condition has reached the point in life when it
should be replaced, or (2) whether a valve with unknown history is faulty or not.

The determination of the point of life when a valve should be replaced is a very
complex problem. This is a function of the application of the valve and of the standard
of performance expected by the user. For example, a valve which still operates
reasonably well as a resistance-coupled amplifier may yet give low gain as an r-f
amplifier, and a valve which will still operate as an amplifier may fail to oscillate when
used in the oscillator position. A receiver with old valves in the r-f and i-f stages
may have very much less gain that it would have with new valves, but the effect may
not be noticed by the user unless the set is used for the reception of weak signals.

A list of the generally accepted life test end-points is given in Sect. 2(iv)b.

The radio service-man is usually called upon to test a number of valves, frequently
the whole valve complement of a receiver, to determine which (if any) is faulty. If
one is obviously faulty, for example due to a short-circuit, open-circuit, gas, or extreme-
ly low emission, the problem is simple, In other cases it is helpful to test the valves
in the original receiver, with a second complement of new valves for comparison, to
magke certain that the receiver itself is not faulty If the original receiver is not acces-
sible, the valves may be plugged into another receiver (preferably of the same model}
for test.

Microphony should be checked in the original receiver. Motor-boating may be
due to gas or grid emission, but it may also be caused by a faulty component in the
receiver. Distortion is generally due to the power valve, but may also be caused by a
defective filter by-pass capacitance in the receiver and in some cases by the signal
diode or a defective resistor. Hum is usually caused by heater-to-cathode leakage or
breakdown in the valve or a faulty filter capacitor in the circuit.

#The assistance of A. H Wardale, Member LR.E. (U.5.A.) and D. H; Connolly, A.S:T'C. is ack-
nowledged.
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(ti) Fundamental characteristics which should be tested

The fundamental characteristics which should be capable of being rested in a service
fester are

(2) Shorts and continuity,
Testing for short circuits is essential.
Testing for continuity of the electrodes is highly desirable.
(b) Dynamic tests,
The dynamic tests which should be carried out in a service tester are :

Class of valve Preferred test Less desirable
alternative
Rectifier (power diode) Emission Rectification test
Signal diode Emission —
Triode, low mu Mutual conductance ~
Triode, high mu A.C. amplification —
Pentode, r-f Mutual conductance —
Pentode, battery a-f A.C. amplification —
Pentode, power Power output —
Converter Conversion conductance Mixer gm
Oscillator grid current Oscillator g,

See Sect. 3 for methods of testing these characteristics.
The dynamic test should be one in which the peaks and average plate currents
approximate to the maximum current in normal operation.

(c) Other tests
Other tests which should be carried out in a service tester are :
Gas (amplifier types only).
Noise (amplifier types only).
Heater to cathode leakage (indirectly-heated types only).

(iif) Types of commercial testers

Conunercial service testers are necessarily a compromise. They must be fairly
simple to use, flexible with regard to future valve developments, as free as possible
from damage to indicating instruments through faulty valves or misuse, speedy in
eoperation and true in their indications.

The possible combinations of characteristics tested are :

Type of valve Essential tests Desirable tests
Al Shorts . Continuity
Heater to cathode
leakage
Vacuum types Atleast one dynamic test Emission

Mutual conductance
A.C. amplification
Power output
or for converters Conversion
{ conductance
or Mixer g,
and Oscillator g,,
together with Noise
Gas

Out of a representative group of 22 modern service testers examined, 17 incorporated
some form of mutual conductance test, 7 incorporated an emission test other than for
diodes and all 22 incorporated a diode emission test. One provided a plate conductance
test. With regard to the remaining tests, 8 incorporated a heater to cathode leakage
test, with 7 having a gas test and 7 having a noise test.

Itseems to be generally admitted that an emission test alone is not a very satisfactory
dynamic test for all amplifying valves. The better types of testers have both mutual
conductance and diode emission ; they are deficient in that they do not provide a power
output test for power valves, or a.c. amplification for high-mu triodes and a-f
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pentodes. The method of testing for mutual conductance with a high grid swing is
not the equivalent of a power output test. Neither mutual conductance nor emission
testing is a satisfactory substitute for a.c. amplification testing of high-mu triodes or
a-f pentodes.

It is obvious, therefore, that any ordinary commercial service tester does not give a
true indication of the condition of all types of valves, and its readings should be used:
with discretion.

(iv) Methods of testing characteristics in commercial service testers
(a) Shorts testing

Testing for shorts should be carried out at mains frequency or on d.c., and the
voltage applied to the neon lamp circuit should not exceed 110 volts r.m.s. The use
of higher voltages results in some good valves being classed as filament-to-grid short
circuits.

With a.c. supply, it is usual to design the circuit so that resistances over 0.5 megohm
do not indicate as shorts ; this is to avoid capacitance effects, With d.c. supplies thete
is no similar limitation, but different models vary considerably in their shorts testing
sensitivity.

The most satisfactory switching arrangement is one which tests for shorts from amy
pin to all other pins tied together. The circuit of Fig. 3.4 may be used, except that the
cathode need not be heated.

(b) Continuity testing"

Continuity testing may bé carried out in a manner closely resembling shorts testing,
but with the cathode hot. Positive or alternating voltage is applied through the neon
lamp to each electrode in turn ; a glow indicates continuity.

The circuit of Fig. 3.4 may be used in a simple service tester, but a more elaborate
tester such as the hexaphase (Fig. 3.2) is much more satisfactory for general use.

For further information on continuity testing see Sect. 3(ii)b.

(c) Heater to cathode leakage

The maximum leakage resistance from heater to cathode in new valves varies from
1 or 2 megohms for power valves to 5 megohms for ordinary 6.3 volt 0.3 ampere
voltage amplifier valves and even higher for rectifier types having separate heaters
and cathodes. A neon lamp will normally glow slightly when used in a shorts tester
and applied between heater and cathode. A neon lamp may be de-sensitized either
by shunting by a resistor (of the order of 0.1 to 0.5 megohm) or by a mica condenser
(a value of 0.01 uF gives a sensitivity of about 5 megohms—this is only useful with
a.c. supply).

(d) Emission testing

Of the 7 commercial testers which included emission testing of amplifying valves,
5 used a.c. testing, 1 used half-wave rectified a.c. testing, and 1 used d.c. testing. Owing
to the poor regulation obtainable from most service valve testers with d.c. supplies,
other than batteries, it is doubtful whether this has any practical advantages over a.c.
testing. With a.c. supply, the voltage in most service testers is 30 volts r.m.s. ; thisis
only a compromise which is far from the optimum for all cases. For laboratory
testing of emission see Sect. 3(ii)f.

(e) Mutual conductance testing

Of the 17 commercial testers having a mutual conductance test, 7 used some form of
a.c. signal voltage applied to the control grid, and 6 used some grid shift method, the
methods used by the other 4 being unknown.

All the American mutual conductance testers examined apply an a.c. signal to the
grid, and measure the signal current in the plate circuit ; all but one of these use a
mains frequency signal, the exception being one with a 5 Kc/s signal and a tuned signal
plate current meter.

In most cases this is not an accurate g,, test for all types of valves because the signal
voltage on the grid is fairly high—between 4 and 5 volts r.m.s. in some cases—sufficient
to run beyond grid cut-off in one direction and well on to the * flat top * in the other,
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with short grid-base valves. Even those testers with reduced signal voltages have
quite appreciable errors with some types of valves.

On the other hand, all but one of the examined English mutual conductance testers
use a grid shift method. This introduces some errors due to platc supply regulation
and curvature of the characteristics, but these can be allowed for in the calibration.

(f) Plate conductance testing

This is used by one American tester only as a reasonably close equivalent of the
mutual conductance test, the amplification factor being assumed to be constant.
Pentodes are triode-connected. A moderately high signal voltage is applied, this being
possible with less error than with direct g, measurement owing to the slight compensa-
ting change of p with plate current.

(2) Reverse grid current testing

Of the post-war testers examined, all those of English design incorporate reverse
grid current testing (often referred to as ‘“ gas testing »’) but this test was incorporated
in only two of American design. The usual methods of testing are either by grid current
meter or by a shorted grid resistor. For further details see Sect. 3(iv)A.

A valve which passes the reverse grid current test on a service tester may not operate
satisfactorily in a receiver. The usable maximum value of negative grid current depends
upon the application, the mutual conductance of the valve, the resistance in the grid
circuit, the type of bias, the bias voltages, the total dissipation of the valve and its
ventilation. The valve may be checked in the actual receiver after running for a
period sufficiently long for the valve to reach its stable operating temperature ; it
may be tested by variation in the plate current of the valve under test when its grid
resistor is shorted.

(h) Power output testing

This is not incorporated into any of the commercial service testers examined, but
is the most satisfactory test for all power valves. Triode testing of pentode and beam
power valves is quite satisfactory. Methods of testing are described in Sect. 3(iv)L.

(i) Conversion conductance

Only one of the testers examined provided a test for conversion conductance, the
method being by phase reversal. For further details see Sect. 3(v)Bd.

A satisfactory alternative is to measure the transconductance of the mixer, this
being the method commonly employed.

(i) Osciliator mutual conductance

None of the testers provided a test for oscillator grid current under self-oscillating
conditions, although this is the most satisfactory form of test. For details see Sect.
3(v)Bg.

The method commonly employed is to measure the oscillator mutual conductance.

The measurement of oscillator grid current in a suitable receiver is a simple way of
checking the oscillator section of a converter.
(k) Noise .

The usual form of noise test is to connect the two neon lamp terminals to the aerial
and earth terminals of a receiver, during the shorts test. For other forms of noise test
see Sect. 3(iv)L and M.

) A.C. amplification
This test should be carried out with zero bias and a high value of grid resistor, as

described in Sect. 3(iv)H. No test with fixed or self-bias is able to determine how a
valve will operate with grid resistor bias.

(v) A.C. versus d.c. electrode voltages in testers

All but four of the commercial testers examined, which made provision for some form
of g, test, used d.c. electrode supplies. The general trend seems to be in the direction
of using d.c. supply to all electrodes, and the additional circuit complications appear
1o be justified.

For comparison bétween laboratory testing of emission by a.c. or d.c. methods,
see Sect. 3(ii)f. )
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(vi) Pre-heating

When more than one valve is to be tested, a pre-heating socket should be provided
to save time. If notincorporated into the tester itself, the pre-heater may be a separate
unit with one of each type of socket and a filament voltage switch and transformer.
No voltages need normally be applied to the other electrodes except in cases when the
valve is initially satisfactory but becomes defective during operation.

(vii) Testing procedure

Always test for shorts before carrying out any other test. When testing for emission,
allow ample time for the valve to heat thoroughly before pressing the emission switch ;
then press only long enough to give a reading. Do not leave the valve for more than
three seconds on the emission test as otherwise the valve may be permanently damaged.
The reading may be regarded as satisfactory provided that it is not below the limit
and that it does not fall rapidly to the limit in the three second period.

When testing for mutual conductance, the switch may be pressed for any desired
length of time, as no damage will be done to the valve provided that the valve is
operated within its maximum ratings.

If a valve is gassy, the readings of emission and mutual conductance will be affected
(usually increased for a slight amount of gas and decreased by excessive gas). If a
valve is both gassy and of low emission, the true fault is “ gas ™.

If a valve indicates “ no emission ”” while the heater is continuous, the fault may
be excessive gas, air in the bulb, cathode coating * poisoned > by gas, or open-~circuited
cathode. Air in the bulb is indicated by a continuous heater, a cathode not visibly
red, and a bulb which gradually becomes warm.

References to service testing : Refs. 55, 56, 57, 60, 61, 62, 63, 64.
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