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THIS MANUAL like its preceding editions has been prepared
to assist those who work or experiment with electron tubes and cir-
cuits. It will be found valuable by engineers, service technicians,
experimenters, students, radio amateurs, and all others technically
interested in electron tubes.

The material in this edition has been augmented and revised to
keep abreast of the technological advances in electronic fields. Many
tube types widely used in the design of new electronic equipment
prior to 1950 are now chiefly of renewal interest; in their place,
new advanced types are being used. Consequently, in the Tube
Types Section, the presentation on the older types has been limited
to essential basic data while detailed information has been given on
the newer more important types.

In addition to the tube types for home-entertainment use cov-
ered in this Manual, the TUBE DIVISION of RADI0 CORPORATION OF
AMERICA offers other small receiving-type tubes fer industrial and
specialized applications, such as the “Special Red” tubes, premium
tubes, computer tubes, voltage regulators, acorn tubes, and pencil
tubes. Other lines of RCA electron tubes include:

POWER TUBES
Transmitting and
Imdustrial Types

CATHODE-RAY TUBES
Special-Purpose
Kinescopes and

TELEVISION CAMERA TUBES Oscillograph Types

Iconoscopes, Vidicons,
and I'mage Orthicons THYRATRONS & IGNITRONS
SPECIAL TYPES

PHOTOTUBES Vacuum-Gauge Tubes,

Single-Unit, Twin-Unit,
and Multiplier Types Magnetrons and Klystrons

For Sales Information For Technical Information
on RCA Tubes, write to on RCA Tubes, write to
Sales Commercial Engineering

TUBE DIVISION
RADIO CORPORATION OF AMERICA
Harrison, N. J.
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Electrons, Electrodes, and Electron Tubes

The electron tube is a marvelous device. It makes possible the performing of
operations, amazing in conception, with a precision and a certainty that are as-
tounding. It is an exceedingly sensitive and accurate instrument—the product of
coordinated efforts of engineers and craftsmen. Its construction requires materials
from every corner of the earth. Its use is world-wide. Its future possibilities, even
in the light of present-day accomplishments, are but dimly foreseen; for each de-
velopment opens new fields of design and application.

The importance of the electron tube lies in its ability to control almost in-
stantly the flight of the millions of electrons supplied by the cathode. It accom-
plishes this with a minimum of control energy. Because it is almost instantaneous
in its action, the electron tube can operate efficiently and accurately at electrical
frequencies much higher than those attainable with rotating machines.

ELECTRONS

All matter exists in the solid, liquid, or gaseous state. These three forms con-
sist entirely of minute divisions known as molecules, which, in turn, are composed
of atoms. Atoms have a nucleus which is a positive charge of electricity, around
which revolve tiny charges of negative electricity known as electrons. Scientists
have estimated that electrons weigh only 1/80-billion, billion, billion, billionths of
an ounce, and that they may travel at speeds of thousands of miles per second.

Electron movement may be accelerated by the addition of energy. Heat is one
form of energy which can be conveniently used to speed up theelectron. For exam-
ple, if the temperature of a metal is gradually raised, the electrons in the metal
gain velocity. When the metal becomes hot enough, some electrons may acquire
sufficient speed to break away from the surface of the metal. This action, which is
accelerated when the metal is heated in a vacuum, is utilized in most electron tubes
to produce the necessary electron supply.

An electron tube consists of a cathode, which supplies electrons, and one or
more additional electrodes, which control and collect these electrons, mounted in
an evacuated envelope. The envelope may be a glass bulb or a metal shell.

CATHODES

A cathode is an essential part of an electron tube because it supplies the
electrons necessary for tube operation. When energy in some form is applied to the
cathode, electrons are released. Heat is the form of energy generally used. The
method of heating the cathode may be used to distinguish between the different
forms of cathodes. For example, a directly heated cathode, or filament-cathode, is
a wire heated by the passage of an electric current. An indirectly heated cathode,
or heater-cathode, consists of a filament, or heater, enclosed in a metal sleeve. The
sleeve carries the electron-emitting material on its outside surface and is heated by
radiation and conduction from the heater.
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated tungsten, and metals which have been coated with alkaline-earth
oxides. Tungsten filaments are made from the pure metal. Because they must
operate at high temperatures (a dazzling white) to emit sufficient electrons, a
relatively large amount of filament power is required. Thoriated-tungsten fila-
ments are made from tungsten impregnated with thorium oxide. Due to the pres-
ence of thorium, these filaments liberate electrons at a more moderate temperature
of about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually applied
as a coating on a nickel-alloy wire or ribbon. This coating, which is dried in a
relatively thick layer on the filament, requires only a relatively low temperature of
about 700-750°C (a dull red) to produce a copious supply of electrons. Coated fila-
ments operate very efficiently and require relatively little filament power. However,

each of these cathode materials has special advantages which de-
termine the choice for a particular application.

Directly heated filament-cathodes require comparatively

FLas little heating power. They are used in almost all of the tube types
designed for battery operation because it is, of course, desirable

to impose as small a drain as possible on the batteries. Examples

of battery-operated filament types are the 1A7-GT, 1R5, 1U4, and

3V4. AC-operated types having directly heated filament-cath-

Fig. 1 odes include the 2A3 and 5Y3-GT.

An indirectly heated cathode, or heater-cathode, consists of
a thin metal sleeve coated with electron-emitting material such as
alkaline-earth oxides. Within the sleeve is a heater which is in- "F5i7E2
sulated from the sleeve. The heater is made of tungsten or tung-
sten-alloy wire and is used only for the purpose of heating the
cathode sleeve and sleeve coating to an electron-emitting temper-
ature. Useful emission does not take place from the heater wire. Fig. 2

The heater-cathode construction is well adapted for use in electron tubes in-
tended for operation from ac power lines and from storage batteries. The use of
separate parts for emitter and heater functions, the electrical insulation of the
heater from the emitter, and the shielding effect of the sleeve may all be utilized
in the design of the tube to minimize the introduction of hum from the ac heater
supply and to minimize electrical interference which might enter the tube circuit
through the heater-supply line. From the viewpoint of circuit design, the heater-
cathode construction offers advantages in connection flexibility because of the elec-
trical separation of the heater from the cathode. Another advantage of the heater-
cathode construction is that it makes practical the design of a rectifier tube having
close spacing between its cathode and plate, and of an amplifier tube having close
spacing between its cathode and grid. In a closespaced rectifier tube, the voltage
drop in the tube is low, and, therefore, the regulation is improved. In an amplifier
tube, the close spacing increases the gain obtainable from the tube. Because of
the advantages of the heater-cathode construction, almost all present-day receiving
tubes designed for ac operation have heater-cathodes.

‘CATHODE!

GENERIC TUBE TYPES

Electrons are of no value in an electron tube unless they can be put to work.
Therefore, a tube is designed with the parts necessary to utilize electrons as well as
those required to produce them. These parts consist of a cathode and one or more
supplementary electrodes. The electrodes are enclosed in an evacuated envelope
having the necessary connections brought out through air-tight seals. The air is re-
moved from the envelope to allow free movement of the electrons and to prevent
injury to the emitting surface of the cathode.When the cathode is heated, electrons
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leave the cathode surface and form an invisible cloud in the space around it. Any
positive electric potential within the evacuated envelope offers a strong attraction
te the electrons (unlike electric charges attract; like charges repel). Such a positive
electric potential can be supplied by an anode (positive electrode) located within
the tube in proximity to the cathode.

DIODES

The simplest form of electron tube contains two electrodes, a cathode and an
anode (plate), and is often called a diode, the family name for a two-electrode
tube, In a diode, the positive potential is sup- ELECTRON
plied by a suitable electrical source connected = (A
between the plate terminal and a cathode
terminal. Under the influence of the positive
plate potential, electrons flow from the cathode At outeut
to the plate and return through the external %ot
plate-battery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons is
known as the place current.

If a negative potential is applied to the
plate, the free electrons in the space surrounding the cathode will be forced back
to the cathode and no plate current will flow. Thus, electrons can flow from the
cathode to the plate but not from the plate to the
5 cathode. If an alternating voltage is applied to

£ the plate, the plate is alternately made positive and
9 negative. Because plate current flows only during
f recTiFiep outpur  the time when the plate is positive, current flows
SA NN TV ~— through the tube in only one direction and is said
to be rectified. Fig. 4 shows the rectified output
current produced by an alternating input voltage.
Diode rectifiers are used in ac receivers to convert
1 the ac supply voltage to de voltage for the elec-
] ! trodes of the other tubes in the receiver. Rectifier
:<>! tubes having only one plate and one cathode, such
i ALTERNATING as the 36W4, are called half-wave rectifiers, be-
] ! VOLTAGE INPUT cause current can flow only during one-half of the
! ! X alternating-current cycle. When two plates and one
Fig. 4 or more cathodes are used in the same tube, cur-
rent may be obtained on both halves of the ac cycle. The 6X4, 5Y3-GT, and 5U4-G
are examples of this type and are called full-wave rectifiers.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in the space between the cathode and plate for
a brief period to produce an effect known as space-charge. This charge hasa
repelling action on other electrons which leave the cathode surface and impedes
their passage to the plate. The extent of this action and the amount of space-
charge depend on the cathode temperature and the plate potential. The higher the
plate potential, the less is the tendency for electrons to remain in the space-charge
region and repel other electrons. This effect may be noted by applying increasingly
higher plate voltages to a tube operating at a fixed heater or filament voltage. Under
these conditions, the maximum number of available electrons is fixed, but increas-
ingly higher plate voltages will succeed in attracting a greater proportion of the
free electrons.

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current because all of the electrons emitted by the
cathode are already being drawn to the plate. This maximum current, illustrated
in Fig. 5, is called saturation current. Because it is an indication of the total num-
ber of electrons emitted, it is also known as emission current or simply emission.

b

i PLATE
PLATE CURRENT

A
o]
- +
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Fig. 8
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Although tubes are sometimes tested by measure- - [ ] l
ment of their emission current, it is generally not z ——+-
advisable to measure the full value of emission be- & T Saturabion Fomipy
cause this value would be sufficiently large to cause &w 7
change in the tube’s characteristics or even to damage =5 /

the tube. Consequently, while the test value of emis- ‘63 /
sion current is somewhat larger than the maximum S /
current which will be required from the cathode in £2 /

the use of the tube, it is ordinarily less than the full Z& 7

emission current. The emission test, therefore, is
used to indicate whether the cathode can supply a
sufficient number of electrons for satisfactory opera- Fig. 5
tion of the tube.

If space charge were not present to repel electrons coming from the cathode,
the same plate current could be produced at a lower plate voltage. One way to
make the effect of space charge small is to make the distance between plate and
cathode small. This method is used in rectifier types having heater-cathodes, such
as the 5V4-G and the 25Z6. In these types the radial distance between cathode and
plate is only about two hundredths of an inch. Another method of reducing space-
charge effect is utilized in mercury-vapor rectifier tubes, such as the 83. Such
tubes contain a small amount of mercury, which is partially vaporized when the
tube is operated, filling the space inside the bulb with mercury atoms. These atoms
are bombarded by electrons on their way to the plate. If the electrons are moving
at a sufficiently high speed, the collisions tear off electrons from the mercury atoms.
The mercury atom is then said to be “ionized’; that is, it has lost one or more
electrons and, therefore, has a positive charge. In mercury-vapor rectifier tubes,
ionization is evidenced by a bluish-green glow between the cathode and plate.
When ionization due to bombardment of mercury atoms by electrons leaving the
cathode occurs, the space-charge is neutralized by the positive mercury ions so that
increased numbers of electrons are made available. A mercury-vapor rectifier has a
small voltage drop between cathode and plate (about 15 volts). This drop is prae-
tically independent of current requirements up to the limit of emission of electrons
from the cathode, but is dependent to some degree on bulb temperature.

[e]

PLATE VOLTAGE —

Ionic-heated-cathode rectifier tubes, such as the 0Z4 and 0Z4-G, also depend
on gas ionization for their operation. These tubes are of the full-wave design
and contain two anodes and a coated cathode sealed in a bulb containing a reduced
pressure of inert gas. The cathode in each of these types becomes hot during tube
operation, but the heating effect is caused by bombardment of the cathode by ions
within the tube rather than by heater or filament current from an external source.
The internal structure of the tube is designed so that when sufficient voltage is
applied to the tube, ionization of the gas occurs between the anode which is in-
stantaneously positive and the cathode. Under normal operating voltages, ioniza-
tion does not take place between the anode that is negative and the cathode so
that the requirements for rectification are satisfied. The initial small flow of current
through the tube is sufficient to raise the cathode temperature quickly to incan-
descence whereupon the cathodé emits electrons. The voltage drop in such tubes is
slightly higher than that of the usual hot-cathode gas rectifiers because energy is
taken from the ionization discharge to keep the cathode at operating temperature.
Proper operation of these rectifiers requires 2 minimum flow of load current at all
times in order to maintain the cathode at the temperature required to supply
sufficient emission.

TRIODES

When a third electrode, called the grid, is placed between the cathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.

6



RCA Receiving Tube Mannal

The grid usually consists of relatively fine wire wound on two support rods and
extending the length of the cathode. The spaces between turns are comparatively
large so that the passage of electrons from cathode to plate is practically unob-
structed by the grid wires. The purpose of the grid is to control the flow of plate
current. When a tube is used as an amplifier, a negative de voltage is usually applied
to the grid. Under this condition the grid does not draw appreciable current.

The number of electrons attracted to

the plate depends on the combined effect
of the grid and plate polarities. When the 4@
plate is positive, as is normal, and the PLATE  CURRENT
de grid voltage is made more and more
negative, the plate is less able to attract 'C ATHODE §0u7pu‘r
electrons to it and plate current decreases.
When the grid is made less and less nega-
tive (more and more positive), the plate
more readily attracts electrons to it and
plate current increases. Hence, when the
voltage on the grid is varied in accordance
with a signal, the plate current varies with the signal. Because a small voltage
applied to the grid can control a comparatively large amount of plate current, the
signal is amplified by the tube. Typical three-electrode tube types are the 6C4,
6J5, and 2A3.

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small capacitor. The capacitances are those
existing between grid and plate, plate and cathode, and grid and cathode. These
capacitances are known as interelectrode capacitances. Generally, the capacitance
between grid and plate is of the most importance. In high-gain radio-frequency
amplifier circuits, this capacitance may act to produce undesired coupling between
the inpnt cireuit, the circuit between grid and cathode, and the output circuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

ELECTRON
FLOW

Fig. 6

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen (grid No. 2), in the tube. With the addition
of the grid No.2, the tube has four elec-
trodes and is, accordingly, called a tet-
rode. The screen or grid No.2 is mounted
between the grid No.1 (eontrol grid) and
the plate, and acts as an electrostatic
shield between them, thus reducing the
grid-to-plate capacitance. The effective-
ness of this shielding action is increased
by connecting a bypass capacitor between
screen and cathode. By means of the
sereen and this bypass capacitor, the
grid-plate capacitance of a tetrode is
made very small. In practice, the grid-
plate capacitance is reduced from several
micromicrofarads (uuf) for a triode to 0.01 uuf or less for a sereen-grid tube.

The screen has another desirable effect in that it makes plate current practically
independent of plate voltage over a certain range. The screen is operated at a
positive voltage and, therefore, attracts electrons from the cathode. However, be-
cause of the comparatively large space between wires of the screen, most of the elec-
trons drawn to the screen pass through it to the plate. Hence the screen supplies an
electrostatic force pulling electrons from the cathode to the plate. At the same

7
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time the screen shields the electrons between cathode and screen from the plate so
that the plate exerts very little electrostatic force on electrons near the cathode.
So long as the plate voltage is higher than the screen voltage, plate current in a
screen-grid tube depends to a great degree on the screen voltage and very little
on the plate voltage. The fact that plate current in a screen-grid tube is largely
independent of plate voltage makes it possible to obtain much higher amplification
with a tetrode than with a triode. The low grid-plate capacitance makes it possible
to obtain this high amplification without plate-to-grid feedback and resultant
instability. A representative tetrode is the 24-A.

PENTODES

In all electron tubes, electrons striking the plate may, if moving at sufficient
speed, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrode other than the
plate itself is present to attract them. These electrons, therefore, are drawn back
to the plate. Emission caused by bombardment of an electrode by electrons from
the cathode is called secondary emission because the effect is secondary to the
original cathode emission. In the case of screen-grid tubes, the proximity of the
positive screen to the plate offers a strong attraction to these secondary electrons
and particularly so if the plate voltage swings lower than the screen voltage. This
effect lowers the plate current and limits the useful plate-voltage swing for tetrodes.

The effects of secondary emission are minimized when a fifth electrode is
placed within the tube between the screen and plate. This fifth electrode is known
as the suppressor (grid No.3) and is usually connected to the cathode. Because of

ELECTRON
FLOW

(a)
&)
PLATE
SUPPRESSOR CURRENT
C

<

§OUTPUT

>

INPUT

Fig. 8

its negative potential with respect to the plate, the suppressor retards the flight of
secondary electrons and diverts them back to the plate. The family name for a five-
electrode tube is ‘‘pentode”. In power-output pentodes, the suppressor makes pos-
sible higher power output with lower grid-driving voltage; in radiofrequency am-
plifier pentodes the suppressor makes possible high voltage amplification at mod-
erate values of plate voltage. These desirable features result from the fact that the
plate-voltage swing can be made very large. In fact, the plate voltage may be as
low as, or lower than, the screen voltage without serious loss in signal-gain capa-
bility. Representative pentodes used for power amplification are the 3V4 and
6K6-GT; representative pentodes used for voltage amplification are the 1U4,
6SJ7, 128K7, and 6BAG6.

BEAM POWER TUBES

A beam power tube is a tetrode or pentode in which directed electron beams
are used to increase substantially the power-handling capability of the tube. Such
a tube contains a cathode, a control grid (grid No.1), a screen (grid No.2), a plate,

8
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and, optionally, a suppressor (grid No.3). When a beam power tube is designed
without an actual suppressor grid, the electrodes are so spaced that secondary
emission from the plate is suppressed by space-charge effects between screen and
plate. The space charge is produced by the slowing up of electrons traveling from a
high~potential screen to a lower-potential plate. In this low-velocity region, the
space charge produced is sufficient to repel secondary electrons emitted from the
plate and to cause them to return to the plate. Beam power tubes of this design
employ beam-confining electrodes at cathode potential to assist in producing the
desired beam effects and to prevent stray electrons from the plate from returning to
the screen outside of the beam. A feature of a beam power tube is its low screen
current. The screen and the grid are spiral wires wound so that each turn of the
screen is shaded from the cathode by a grid turn. This alignment of the screen and
grid causes the electrons to travel in sheets between the turns of the screen so that
very few of them strike the screen. Because of the effective suppressor action pro-
vided by space charge and because of the low current drawn by the screen, the beam
power tube has the advantages of high power output, high power sensitivity, and
high efficiency.

BEAM -CONFINING
ELECTRODE
CATHODE INTERNAL
GRID STRUCTURE
OF
TYPE 6L6
BEAM POWER
TUBE

R S Fig. 9

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-confining electrodes coincide with the
dashed portion of the beam. In this way the space-charge potential region is
extended beyond the beam boundaries and stray secondary electrons are prevented
from returning to the screen outside of the beam. The space-charge effect may also
be obtained by use of an actual suppressor grid. Examples of beam power tubes are
6L6, 6V6-GT, and 50C5.

MULTI-ELECTRODE and MULTI-UNIT TUBES

Early in the history of tube development and application, tubes were designed
for general service; that is, a single tube type—a triode-——was used as a radio-
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency
amplifier, an oscillator, or a detector. Obviously, with this diversity of applica-
tion, one tube did not meet all requirements to the best advantage.

9
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Later and present trends of tube design are the development of ‘“specialty”
types. These types areintended either to give optimum performancein a particular
application or to combine in one bulb functions which formerly required two or
more tubes. The first class of tubes includes such examples of specialty types as
the 6F6, 12SK7, 6L7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes, namely seven,
exclusive of the heater. Plate current in the tube is varied at two different frequen-
cies at the same time. The tube is designed primarily for use as a mixer in super-
heterodyne receivers. In tnis use, the tube mixes the signal frequency with the
oscillator frequency to give an intermediate-frequency output.

Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7, for
instance, can also be used as a variable-gain audio amplifier in volume-expander
and compressor application. The 6F6, besides its use as a power-output pentode,
can also be connected as a triode and used as a driver for a pair of 6L.6’s.

The second class includes multi-unit tubes such as the twin-diode triodes
6BF6 and 65Q7, as well as the twin-diode pentode 12C8 and the twin class A and
class B types 12AU7 and 6N7, respectively. In this class also is included the multi-
unit type 117L7/M7-GT. This tube combines in one bulb a diode for use as a power
rectifier and a power-output pentode. Related to multi-unit tubes are the electron-
ray types 6AB5/6N5 and 6AL7-GT. These combine a triode amplifier with a
fluorescent target. Full-wave rectifiers are also multi-unit types.

A third class of tubes combines features of each of the other two classes.
Typical of this third class are the pentagrid-converter types 1R5, 6BE6, and 6SAT.
These tubes are similar to the multi-electrode types in that they have seven elec-
trodes, all of which affect the electron stream; and they are similar to the multi-
unit tubes in that they perform simultaneously the double function of oscillator
and mixer in superheterodyne receivers.

KINESCOPES

The kinescope is a multi-electrode tube used prinecipally in television receivers
for picture display. It consists essentially of an electron gun, a glass or metal-and-
glass envelope and face-plate combination, and a fluorescent screen.
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The electron gun includes a cathode for the production of free electrons, an
electron ‘“lens” system for accelerating the electrons and forming or focusing
them into a very narrow beam, and, optionally, a device for “trapping’ unwanted
ions out of the electron beam.

Deflection of the beam is accomplished either electrostatically by means of
deflecting electrodes within the envelope of the tube, or electromagnetically by
means of a deflecting yoke placed on the neck of the tube. Figs. 10 and 11 show the
structure of the gun section of a kinescope and illustrate how the electron beam is
formed, how the ions are separated from the electron beam by means of the tilted-
gun and ion-trap-magnet arrangement, and how the beam is deflected by means
of an electromagnetic deflecting yoke.

Focusing of the beam is accomplished either electromagnetically by means of
a focusing coil placed on the neck of the tube, as shown in Fig. 10, or electro-
statically by means of focusing electrodes within the envelope of the tube. In the
tube shown in Fig. 11, the focusing electrodes are grids No.4 and No.5.

The screen is a white-fluorescing phosphor P4 of either the silicate or the
sulfide type. The spectral distribution of the energy emitted by each type of phos-
phor is shown by the curves on page 249. The persistence of the phosphorescence
exhibited by either type of the phosphor P4 is such that its brightness does not
exceed 7 per cent of the peak value in 33 milliseconds after excitation is removed.

The tricolor kinescope 15GP22 consists of three electron guns and a plane,
tricolor, Filterglass phosphor-dot (screen) plate located between a shadow mask
and a clear-glass faceplate. It utilizes electrostatic convergence, electrostatic focus,
and magnetic deflection. The spectral distribution of the energy emitted by the
group phosphor P22 used in this type is shown by the curve on page 249. The
persistence of the group phosphorescence is such that its brightness does not ex-
ceed 7 per cent of the peak value in 33 milliseconds after excitation is removed.
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Electron Tube Characteristics

The term “characteristics” is used to identify the distinguishing electrical
features and values of an electron tube. These values may be shown in curve
form or they may be tabulated. When the characteristics values are given in curve
form, the curves may be used for the determination of tube performance and the
calculation of additional tube factors.

Tube characteristics are obtained from electrical measurements of a tube in
various circuits under certain definite conditions of voltages. Characteristics may
be further described by denoting the conditions of measurements. For example
Static Characteristics are the values obtained with different dc potentials applied
to the tube electrodes, while Dynamic Characteristics are the values obtained with
an ac voltage on a control grid under various conditions of dc potentials on the
electrodes. The dynamic characteristics, therefore, are indicative of the perform-
ance capabilities of a tube under actual working conditions.

Static characteristics may be shown by plate characteristics curves and transfer

(mutual) characteristics curves. These curves present the same information, but
in two different forms to increase its usefulness. The plate characteristic curve
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is obtained by varying plate voltage and measuring plate current for different
grid bias voltages, while the transfer-characteristic curve is obtained by varying
grid bias voltage and measuring plate current for different plate voltages. A plate-
characteristic family of curves is illustrated by Fig. 12, Fig. 13 gives the transfer-
characteristic family of curves for the same tube.

Dynamic characteristics include amplification factor, plate resistance, control-
grid—plate transconductance, and certain detector characteristics, and may be
shown in curve form for variations in tube operating conditions.

The amplification factor, or u, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the control-electrode (grid-No.1) voltage must be made 0.1 volt
more negative to hold plate current unchanged, the amplification factoris 1 divided
by 0.1, or 10. In other words, a small voltage variation in the grid circuit of a tube
has the same effect on the plate current as a large plate-voltage change—the latter
equal to the product of the grid-voltage change and amplification factor. The u of
a tube is often useful for calculating stage gain. This use is discussed in the ELEC-

TRON TUBE APPLICATIONS SECTION.

Plate resistance (rp) of an electron tube is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage divided by the corresponding change in plate current and is

12
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expressed in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere
(0.0001 ampere) is produced by a plate voltage variation of 1 volt, the plate
resistance is 1 divided by 0.0001, or 10000 ohms.

Control-grid—plate transconductance, or simply transconductance (gm), is a
factor which combines in one term the amplification factor and the plate resistance,
and is the quotient of the first divided by the second. This term has also been known
as mutual conductance. Transconductance may be more strictly defined as the quo-
tient of a small change in plate current (amperes) divided by the small change in the
control-grid voltage producing it, under the condition that all other voltages remain
unchanged. Thus, if a grid-voltage change of 0.5 volt causes a plate-current change
of 1 milliampere (0.001 ampere), with all other voltages constant, the transcon-
ductance is 0.001 divided by 0.5, or 0.002 mho. A ‘““mho” is the unit of conductance
and was named by spelling ohm backwards. For convenience, a millionth of a
mho, or a micromho (umho), is used to express transconductance. Thus, in the
example, 0.002 mho is 2000 micromhos. -

Conversion transconductance (g¢) is a characteristic associated with the
mixer (first detector) function of tubes and may be defined as the quotient of the
intermediate-frequency (if) current in the primary of the if transformer divided by
the applied radio-frequency (rf) voltage producing it; or more precisely, it is the
limiting value of this quotient as the rf voltage and if current approach zero. When
the performance of a frequency converter is determined, conversion transconduct-
ance is used in the same way as control-grid—plate transconductance is used in
single-frequency amplifier computations.

The plate efficiency of a power amplifier tube is the ratio of the ac power
output to the product of the average dc plate voltage and dc plate current at
full signal, or
. _ power output watts
Plate eff v (%) = average dc plate volts X average dc plate amperes

X 100
The power sensitivity of a tube is the ratio of the power output to the square
of the input signal voltage (rms) and is expressed in mhos as follows:

power output watts
(input signal volts, rms)2

Power sensitivity (mhos) =
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Electron Tube Applications

The diversified applications of an electron receiving tube have, within the
scope of this section, been treated under eight headings. These are: Amplification,
Rectification, Detection, Automatic Volume Control, Tuning Indication with
Electron-Ray Tubes, Oscillation, Frequency Conversion, and Automatic Fre-
quency Control. Although these operations may take place at either radio or
audio frequencies and may involve the use of different circuits and different sup-
plemental parts, the general considerations of each kind of operation are basic.

AMPLIFICATION

The amplifying action of an electron tube was mentioned under Triodes in the
gection on ELECTRONS, ELECTRODES, and ELECTRON TUBES.

This action can be utilized in electronic circuits in a number of ways, depending
upon the results desired. Four classes of amplifier service recognized by engineers
are covered by definitions standardized by the Institute of Radio Engineers. This
classification depends primarily on the fraction of input cycle during which plate
current is expected to flow under rated full-load conditions. The classes are class A,
class AB, class B, and class C. The term “cutoff bias”’ used in these definitions is
the value of grid bias at which plate current is some very small value.

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias
and alternating grid voltages are such that plate current in a specific tube flows
at all times.

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid
bias and alternating grid voltages are such that plate current in a specific tube flows
for appreciably more than half but less than the entire electrical cycle.

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cutoff value, so that the plate current is approxi-
mately zero when no exciting grid voltage is applied, and so that plate current in a
specific tube flows for approximately one-half of each cycle when an alternating
grid voltage is applied.

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias
is appreciably greater than the cutoff value, so that the plate current in each tube
is zero when no alternating grid voltage is applied, and so that plate current flows
in a specific tube for appreciably less than one-half of each cycle when an alternating
grid voltage is applied.

NOTE:—To denote that grid current does not flow during any part of the input cycle, the suffix

1 may be added to the letter or letters of the class identification. The suffix 2 may be used to denote
that grid current flows during some part of the cycie.

For radio-frequency amplifiers which operate into a selective tuned circuit, as
in radio transmitter applications, or under requirements where distortion is not an
important factor, any of the above classes of amplifiers may be used, either with a
single tube or a push-pull stage. For audio-frequency amplifiers in which distortion
is an important factor, only class A amplifiers permit single-tube operation. In this
case, operating conditions are usually chosen so that distortion is kept below the
conventional 5 per cent for triodes and the conventional 7 to 10 per cent for tet-
rodes or pentodes. Distortion can be reduced below these figures by means of special
circuit arrangements such as that discussed under inverse feedback. With class A
amplifiers, reduced distortion with improved power performance can be obtained
by using a push-pull stage for audio service. With class AB and class B amplifiers,
a balanced amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, an electron tube is used to reproduce grid volt-
age variations across an impedance or a resistance in the plate circuit. These varia-
tions are essentially of the same form as the input signal voltage impressed on the
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grid, but their amplitude is increased. This increase is accomplished by operating
the tube at a suitable grid bias so that the applied grid input voltage produces
plate-current variations proportional to the signal swings. Because the voltage
variation obtained in the plate circuit is much larger than that required to swing
the grid, amplification of the signal is obtained. Fig. 14 gives a graphical illustra-
tion of this method of amplification and shows, by means of the grid-voltage vs.
plate-current characteristics curve, the effect of an input signal (S) applied to the
grid of a tube. O is the resulting amplified plate-current variation.

The plate current flowing through the load resistance (R) of Fig. 15 causes a

voltage drop which varies directly with the plate current. The ratio of this voltage
variation produced in the load resistance to the input signal voltage is the voltage
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amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulas:

amplification factor X load resistance
load resistance 4 plate resistance

Voltage amplification =

transconductance in micromhos X plate resistance X load resistance
1000000 X (plate resistance 4 load resistance)

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube’s amplification factor but that the gain approaches the
amplification factor when the load resistance is large compared to the tube’s plate
resistance. Fig. 16 shows graphically how the gain approaches the amplification
factor of the tube as the load resistance is increased. From the curve it can be seen
that a high value of load resistance should be used to obtain high gain in a voltage
amplifier.
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In a resistance-coupled amplifier, the load resistance of the tube is approxi-
mately equal to the resistance of the plate resistor in parallel with the grid resistor
of the following stage. Hence, to obtain a large value of load resistance, it is neces-
sary to use a plate resistor and a grid resistor of large resistance. However, the plate
resistor should not be too large because the flow of plate current through the plate
resistor produces a voltage drop which reduces the plate voltage applied to the tube.
If the plate resistor is too large, this drop will be too large, the plate voltage on the
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tube will be too small, and the voltage output of the tube will be too small. Also,
the grid resistor of the following stage should not be too large, the actual maximum
value being dependent on the particular tube type. This precaution is necessary
because all tubes contain minute amounts of residual gas which cause a minute flow
of current through the grid resistor. If the grid resistor is too large, the positive bias
developed by the flow of this current through the resistor decreases the normal
negative bias and produces an increase in the plate current. This increased current
may overheat the tube and cause liberation of more gas which, in turn, will cause
further decrease in bias. The action is cumulative and results in a runaway condi-
tion which can destroy the tube. A higher value of grid resistance is permissible
when cathode bias is used than when fixed bias is used. When cathode bias is used,
a loss in bias due to gas or grid-emission effects is almost completely offset by an
increase in bias due to the voltage drop across the cathode resistor. Typical values
of plate resistor and grid resistor for tube types used in resistance-coupled circuits,
and the values of gain obtainable, are shown in the RESISTANCE-COUPLED
AMPLIFIER SECTION.

The input impedance of an electron tube (that is, the impedance between grid
and cathode) consists of (1) a reactive component due to the capacitance between
grid and cathode, (2) a resistive component resulting from the time of transit of
electrons between cathode and grid, and (3) a resistive component developed by the
part of the cathode lead inductance which is common to both the input and output
circuits. Components (2) and (3) are dependent on the frequency of the incoming
signal. The input impedance is very high at audio frequencies when a tube is
operated with its grid biased negative. In a class A, or class AB, transformer-
coupled audio amplifier, therefore, the loading imposed by the grid on the input
transformer is negligible. As a result, the secondary impedance of a class A, or class
AB, input transformer can be made very high because the choice is not limited by
the input impedance of the tube; however, transformer design considerations may
limit the choice. At the higher radio frequencies, the input impedance may become
very low even when the grid is negative, due to the finite time of passage of elec-
trons between cathode and grid and to the appreciablelead reactance. Thisimpedance
drops very rapidly as the frequency is raised, and increases input-circuit loading. In
fact, the input impedance may become low enough at very high radio frequencies
to affect appreciably the gain and selectivity of a preceding stage. Tubes such as
the ““acorn’’ types and the high-frequency miniatures have been developed to have
low input capacitances, low electron-transit time, and low lead inductance so that
their input impedance is high even at the ultra-high radio frequencies. Input
admittance is the reciprocal of input impedance.

A remote-cutoff amplifier tube is a modified construction of a pentode or a
tetrode type designed to reduce modulation-distortion and cross-modulation in
radio-frequency stages. Cross-modulation is the effect produced in a radio receiver
by an interfering station “riding through” on the carrier of the station to which
the receiver is tuned. Modulation-distortion is a distortion of the modulated
carrier and appears as audio-frequency distortion in the output. This effect is
produced by a radio-frequency amplifier stage operating on an excessively curved
characteristic when the grid bias has been increased to reduce volume. The offend-
ing stage for cross-modulation is usually the first radio-frequency amplifier, while
for modulation-distortion the cause is usually the last intermediate-frequency stage.
The characteristics of remote-cutoff types are such as to enable them to handle
both large and small input signals with minimum distortion over a wide range of
signal strength.

Fig. 17 illustrates the construction of the grid No.1 (control grid) in a remote-
cutoff tube. The remote-cutoff action is due to the structure of the grid which pro-
vides a variation in amplification factor with change in grid bias. The grid No.1 is
wound with open spacing at the middle and with close spacing at the ends. When
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weak signals and low grid bias are applied to the tube, the effect of the non-uniform
turn spacing of the grid on cathode emission and tube characteristics is essentially
the same as for uniform spacing. As the grid bias is made more negative to handle
larger input signals, the electron flow from the sections of the cathode enclosed by
the ends of the grid is cut off. The plate current and other tube characteristics
are then dependent on the electron flow through the open section of the grid. This

PLATE MILLIAMPERES
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Fig. 17 Fig. 18

action changes the gain of the tube so that large signals may be handled with mini-
mum distortion due to cross-modulation and modulation-distortion. Fig. 18 shows
a typical plate-current vs. grid-voltage curve for a remote-cutoff type compared
with the curve for a type having a uniformly spaced grid. It will be noted that while
the curves are similar at small grid-bias voltages, the plate current of the remote-
cutoff tube drops quite slowly with large values of bias voltage. This slow change
makes it possible for the tube to handle large signals satisfactorily. Because remote-
cutoff types can accommodate large and small signals, they are particularly suit-
able for use in sets having automatic volume control. Remote-cutoff tubes also are
known as variable-mu types. The 6SK7 is a representative remote-cutoff type.

As a class A power amplifier, an electron tube is used in the output stage of a
radio receiver tosupply a relatively large amount of power to the loudspeaker. For
this application, large power output is of more importance than high voltage ampli-
fication; therefore, gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Triodes, pentodes, and beam power tubes de-
signed for power amplifier service have certain inherent features for each structure.
Power tubes of the triode type for class A service are characterized by low power
sensitivity, low plate-power efficiency, and low distortion. Power tubes of the pen-
tode type are characterized by high power sensitivity, high plate-power efficiency
and, usually, somewhat higher distortion than class A triodes. Beam power tubes
such as the 6L6 have higher power sensitivity and efficiency than triode or con-
ventional pentode types.

A class A power amplifier is also used as a driver to supply power to a class
AB; or a class B stage. It is usually advisable to use a triode, rather than a pentode,
in a driver stage because of the lower plate impedance of the triode.

Power tubes connected in either parallel or push-pull may be employed as
class A amplifiers to obtain increased output. The parallel connection (Fig. 19)
provides twice the output of a single tube with the same value of grid-signal voltage.
With this connection, the effective transconductance of the stage is doubled, and
the effective plate resistance and the load resistance required are halved as com-
pared with single-tube values. The push-pull connection (Fig. 20), although it
requires twice the grid-signal voltage, provides increased power and has other
important advantages over single-tube operation. Distortion caused by even-order
harmonics and hum caused by plate-voltage-supply fluctuations are either elimi-
nated or decidedly reduced through cancellation. Because distortion for push-pull
operation is less than for single-tube operation, appreciably more than twice single-
tube output can be obtained with triodes by decreasing the load resistance for the
stage to a value approaching the load resistance for a single tube. For either parallel
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or push-pull class A operation of two tubes, all electrode currents are doubled while
all de electrode voltages remain the same as for single-tube operation. If a cathode
resistor is used, its value should be about one-half that for a single tube. If oscilla-
tions occur with either type of connection, they can often be eliminated by con-
necting a non-inductive resistor of approximately 100 ohms in series with each
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Operation of power tubes so that the grids run positive is inadvisable except
under conditions such as those discussed in this section for class AB and class B
amplifiers.

Calculation of the power output of a triode used as a class A amplifier with
either an output transformer or a choke having low dc resistance can be made
without serious error from the plate family of curves by assuming a resistance load.
The proper plate current, grid bias, optimum load resistance, and per-cent second-
harmonic distortion can also be determined. The calculations are made graphically
and are illustrated in Fig. 21 for given conditions. The procedure is as follows: (1)
Locate the zero-signal bias point P by determining the zero-signal bias Ec, from

the formuia:
Zero-signal bias (Eco) = ~(0.68 X Eb)/u

where Ej, is the chosen value in volts of de plate voltage at which the tube is to be
operated, and p is the amplification factor of the tube. This quantity is shown as
negative to indicate that a negative bias is used. (2) Locate on the plate family the
value of zero-signal plate current, I, corresponding to point P. (3) Locate 2I,,
which is twice the value of I, and corresponds to the value of the maximum-signal
plate current Imaz. (4) Locate the point X on the de bias curve at zero volts,
E¢ = 0, corresponding to the value of Imax. (5) Draw a straight line XY through
X and P.
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Line XY is known as the load resistance line. Its slope corresponds to the value
of the load resistance. The load resistance in ohms is equal to (Emax — Emic) divided
by (Imax — Imin), where E is in volts and I is in amperes.
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It should be noted that in the case of filament types of tubes, the calculations
are given on the basis of a dc-operated filament. When the filament is ac-operated,
the calculated value of de bias should be increased by approximately one-half the
filament voltage rating of the tube.

The value of zero-signal plate current I, should be used to determine the plate
dissipation, an important factor influencing tube life. In a class A amplifier under
zero-signal conditions, the plate dissipation is equal to the power input, i.e., the
product of the de plate voltage E, and the zero-signal dc plate current L. If it is
found that the plate-dissipation rating of the tube is exceeded with the zero-signal
bias Ec¢, calculated above, it will be necessary to increase the bias by a sufficient
amount so that the actual plate dissipation does not exceed the rating before pro-
ceeding further with the remaining calculations.

For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value Ec, to zero
bias (E; = 0) on the positive swing and (2) to swing the grid to a value twice the
zero-signal bias value on the negative swing. During the negative swing, the plate
voltage and plate current reach values of Enax and Imin; during the positive swing,
they reach values of Epiy and Imas. Because power is the product of voltage and
current, the power output as shown by a wattmeter is given by

(Imax — Imin) (Emax — Emin)
8

Power output =

where B is in volts, I is in amperes, and power output is in watts.

In the output of power amplifier triodes, some distortion is present. This dis-
tortion is due predominantly to second harmonics in single-tube amplifiers. The
percentage of second-harmonic distortion may be calculated by the following

a:
formul Imax+ Imin _ Io

2

Imax - Imin X 100

% 2nd-harmonic distortion =

where I, is the zero-signal plate current in amperes. If the distortion is excessive,
the load resistance should be increased or, occasionally, decreased slightly and the
calculations repeated.

Example: Determine the load resistance, power output, and distortion of a triode
having an amplification factor of 4.2, a plate-dissipation rating of 15 watts, and
plate characteristies curves as shown in Fig. 21. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
zero-signal bias formula, Ec, = —(0.68 X 250) /4.2 = —40.5 volts. From the curve
for this voltage, it is found that the zero-signal plate current I, at a plate voltage-
of 250 volts is 0.08 ampere and, therefore, the plate-dissipation rating is exceeded
(0.08 X 250 = 20 watts). Consequently, it is necessary to reduce the zero-signal
plate current to 0.06 ampere at 250 volts. The grid bias is now seen to be —43.5
volts. Note that the curve was taken with a dc filament supply; if the filament is. to-
be operated on an ac supply, the bias must be increased by about one-half the
filament voltage, or to —45 volts, and the circuit returns made to the mid-point of
the filament circuit.

Point X can now be determined. Point X is at the intersection of the dc bias
curve at zero volts with Imax, where Imax = 2Io = 2 X 0.06 = 0.12 ampere. Line
XY is drawn through points P and X. Emax, Emin, and Imm are then found from the
curves. Substituting these values in the power output formula, we obtain

(0.12 — 0.012) (365 — 105)
8

Power output = = 3.52 watts
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The resistance represented by load line XY is

(365 — 105)
{012 —0.012) ~ 2410 ohms
When the values from the curves are substituted in the distortion formula,
e obtain
w o 0.12 +20.012 0.6

% 2nd-harmonie distortion = ~——g 5 pg1z X 100 = 5.5%

It is customary to select the load resistance so that the distortion does not
exceed five per cent. When the method shown is used to determine the slope of the
load resistance line, the second-harmonic distortion generally does not exceed five
per cent. In the example, however, the distortion is excessive and it is desirable,
therefore, to use a slightly higher load resistance. A load resistance of 2500 ohms
will give a distortion of about 4.9 per cent. The power output is reduced only
slightly to 3.5 watts.

Operating conditions for triodes in push-pull depend on the type of operation
desired. Under class A conditions, distortion, power output, and efficiency are all
relatively low. The operating bias can be anywhere between that specified for
single-tube operation and that equal to one-half the grid-bias voltage required to
produce plate-current cutoff at a plate voltage of 1.4E, where E, is the operating
plate voltage. Higher bias than this value requires higher grid-signal voltage and
results in class AB, operation which is discussed later.
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The method for calculating maximum power output for triodes in push-pull
class A operation is as follows: Erect a vertical line at 0.6E, (see Fig. 22), inter-
secting the Ec=0 curve at the point Imax. Then, Ima is determined from the

curve for use in the formula
Power output = (Imax X Eo)/5

If Imax is expressed in amperes and E, in volts, power output is in watts.

. The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through Imx on the zero-bias curve and through the
Eo point on the zero-current axis. Four times the resistance represented by this
load line is the plate-to-plate load for two triodes in a class A push-pull amplifier.
Expressed as a formula,

Plate-to-plate load (Rpp) = 4 x (Eo ~ 0.6E¢) /Imax
where E, is expressed in volts, Imax in amperes, and Ry, in ohms.

Example: Assume that the plate voltage (E,) is to be 300 volts, and the plate
dissipation rating of the tube is 15 watts. Then, for class A operation, the operating
bias can be equal to, but not more than, one-half the grid bias for cutoff with a plate
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voltage of 1.4 X 300 = 420 volts. (Since cutoff bias is approximately —115 volts at a
plate voltage of 420 volts, one-half of this value is —57.5 volts bias.) At this bias,
the plate current is found from the plate family to be 0.054 ampere and, therefore,
the plate dissipation is 0.054 X 300 or 16.2 watts. Since —57.5 volts is the limit of
bias for class A operation of these tubes at a plate voltage of 300 volts, the dissipa-
tion cannot be reduced by increasing the bias and it, therefore, becomes necessary
to reduce the plate voltage.

If the plate voltage is reduced to 250 volts, the bias will be found to be -43.5
volts. For this value, the plate current is 0.06 ampere, and the plate dissipation is
15 watts. Then, following the method for calculating power output, erect a vertical
line at 0.6E, = 150 volts. The intersection of the line with the curve E; = 0 is Imax
or 0.2 ampere. When this value is substituted in the power formula, the power
output is (0.2 X 250)/5 = 10 watts. The load resistance is determined from the
load formula: Plate-to-plate load (Ryp) = 4(250 — 150)/0.2 = 2000 ohms.

Power output for a pentode or a beam power tube as a class A amplifier
can be calculated in much the same way as for triodes. The calculations can be
made graphically from a special plate family of curves, as illustrated in Fig. 23.
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From a point A at or just below the knee of the zero-bias curve, draw arbitrar-
ily selected load lines to intersect the zero-plate-current axis. These lines should be
on both sides of the operating point P whose position is determined by the desired
operating plate voltage, E,, and one-half the maximum-signal plate current. Along
any load line, say AA,, measure the distance AO;. On the same line, lay off an
equal distance O,A;. For optimum operation, the change in bias from A to O,
should be nearly equal to the change in bias from O, to A,. If this condition can not
be met with one line, as is the case for the line first chosen, then another should be
chosen. When the most satisfactory line has been selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = Tmax — Imin

The value of Ry may then be substituted in the following formula for calcu-
lating power output.

~T . — Iy)]2
Power output = [Imax ~ Imin+4 1.41 (Ix — Iy)]2Rp

32

In both of these formulas, I is in amperes, E is in volts, R} is in ohms, and
power output is in watts. Iy and Iy are the current values on the load line at bias
voltages of E¢;=V -0.707V=0.293V and Ec¢,;=V + 0.707V=1.707V, respectively.
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Calculations for distortion may be made by means of the following formulas.
The terms used have already been defined.

Imax + Imin ~ 2 Io

% 2nd-harmonic distortion = Tmox - It + 1.41 (Ix — 1) X 100
o g . _ Imax — Imin - 1.41 (Ix ~ Iy)
% 8rd-harmonie distortion = ooy — Tmin F LA (=153 % 100

% total (2nd and 3rd) harmonic distortion = v/(%2nd)? + (%3rd)?

The conversion curves given in Fig. 24 apply to electron tubes in general
but are particularly useful for power tubes. These curves can be used for
calculating approximate operating conditions for a plate voltage which is
not included in the published data on oper- Q408 08 1.0 15 20 2.5
ating conditions. For instance, suppose it is
desired to operate two 6L6°s in class A, push- /
pull, fixed bias, with a plate voltage of 200 ]/
volts. The nearest published operating condi-
tions for this class of service are for a plate
voltage of 250 volts. The operating conditions a
for the new plate voltage can be determined / /
as follows: First compute the ratio of the new 3 i/
plate voltage to the plate voltage of the pub- / 7
lished data. In the example, this ratio is s Y
200/250 = 0.8. This figure is the Voltage Con-

(LN - )

\S

-

version Factor, Fe. Multiply by this factor o~
the published values for 250-volt operation in \\\’» ‘7
order to obtain the new values of grid bias N

and screen voltage. This gives a grid bias of

-16 X 0.8 = —12.8 volts, and a screen voltage of “ o.s Let” | A

Q¢
S

250 X 0.8 = 200 volts for the new conditions.

To obtain the rest of the new conditions,
multiply the published values by factors shown
on the chart as corresponding to the voltage
conversion factor of 0.8. In this chart,

4
>

CONVERSION FACTORS Fi, Fp,Fr,Fgm
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F; applies to plate current and to screen
current,

F;, applies to power output

F. applies to load resistance and plate
resistance,

Fgm applies to transconductance.

0.2

0.1

0.4 0.6 08 1.0 [IE- 20 25
Thus, to find the power output for the new VOLTAGE CONVERSION FACTOR (Fe)

conditions, determine the value of Fy for a Fig.

voltage conversion factor of 0.8. The chart shows that this value of Fp is 0.6.
Multiplying the published value of power output by 0.6, the power output for the
new conditions is 14.5 X 0.6 = 8.7 watts.

A class AB power amplifier employs two tubes connected in push-pull with a
higher negative grid bias than is used in a class A stage. With this higher negative
bias, the plate and screen voltages can usually be made higher than for class A
amplifiers because the increased negative bias holds plate current within the limit
of the tube’s plate-dissipation rating. As a result of these higher voltages, more
power output can be obtained from class AB operation.
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Class AB amplifiers are subdivided into class AB; and class AB,. In class AB;
there is no flow of grid current. That is, the peak signal voltage applied to each grid
is not greater than the negative grid-bias voltage. The grids therefore are not
driven to a positive potential and do not draw current. In class AB,, the peak
signal voltage is greater than the bias so that the grids are driven positive and
draw current.

Because of the flow of grid current in a class AB, stage there is a loss of power
in the grid circuit. The sum of this loss and the loss in the input transformer is the
total driving power required by the grid circuit. The driver stage should be capable
of a power output considerably larger than this required power in order that dis-
tortion introduced in the grid circuit be kept low. The input transformer used in a
class AB, amplifier usually has a step-down turns ratio.

Because of the large fluctuations of plate current in a class AB, stage, it is
important that the plate power supply should have good regulation. Otherwise the
fluctuations in plate current cause fluctuations in the voltage output of the power
supply, with the result that power output is decreased and distortion is increased.
To obtain satisfactory regulation it is usually advisable to use a low-drop rectifier,
such as the 5V4-G, with a choke-input filter. In all cases, the resistance of the filter
choke and power transformers should be as low as possible.

In class AB, push-pull amplifier service using triodes, the operating con-
ditions may be determined graphically by means of the plate family if E,, the de-
sired operating plate voltage,is given. In this service, the dynamic load line does not
pass through the operating point P as in the case of the single-tube amplifier, but
through the point D in Fig. 25. Its position is not affected by the operating grid
bias provided the plate-to-plate load resistance remains constant. Under these
conditions, grid bias has no appreciable effect on the power output. Grid bias can-
not be neglected, however, since it is used to find the zero-signal plate current and,
from it, the zero-signal plate dissipation. Because the grid bias is higher in class
AB; than in class A service for the same plate voltage, a higher signal voltage may
be used without grid current being drawn and, therefore, higher power output
is obtained than in class A service.

In general, for any load line through point D, Fig. 25, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Ry, = 4E,/1’, where I’ is the plate
current value in amperes at which the load line as projected intersects the plate
current axis, and E, is in volts. This formula is another form of the one given under
push-pull class A amplifiers, Ryp = 4(E, — 0.6E,) /Imax, but is more general. Power
output = (Imax/+/2 )2 X Rpp/4, where Imax is the peak plate current at zero grid
volts for the load chosen. This formula simplified is (Imax)? X Rpp/8. The maximum-
signal average plate current is 2Imax/n or 0.636 Inay; the maximum-signal average
power input is 0.636 Inax Eo.

It is desirable to simplify these formulas for a first approximation. This simpli-
fication can be made if it is assumed that the peak plate current, Imax, occurs at the
point of the zero-bias curve corresponding approximately to 0.6E,, the condition
for maximum power output. The simplified formulas are:

Power output (for two tubes) = (Imax X Eo)/5
Plate-to-plate load resistance (Rpp) = 1.6Eo/Imax

where E, is in volts, Imax is in amperes, Ry is in ohms, and power output is in watts.

It may be found during subsequent calculations that the distortion or the plate
dissipation is excessive for this approximation; in that case, a different load resist-
ance must be selected using the first approximation as a guide and the process re-
peated to obtain satisfactory operating conditions.
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Example: Fig. 25 illustrates the application of this method to a pair of 2A8’s oper-
ated at E,=300 volts. Each tube has a plate-dissipation rating of 15 watts. The
method is to erect a vertical line at 0.6E,, or at 180 volts, which intersects the
E; = 0 curve at the point Imgx = 0.26 ampere. Using the simplified formulas, we
obtain

Plate-to-plate load resistance (Rpp) = (1.6 X 300)/0.26 = 1845 ohms
Power output = (0.26 X 300)/6 = 15.6 watts
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At this point, it is well to determine the plate dissipation and to compare it
with the maximum rated value. From the average plate current formula (0.636 Imax)
mentioned previously, the maximum-signal average plate current is 0.166 ampere.
The product of this current and the operating plate voltage is 49.8 watts, the aver-
age input to the two tubes. From this value, subtract the power output of 15.6
watts to obtain the total dissipation for both tubes which is 34.2 watts. Half of this
value, 17 watts, is in excess of the 15-watt rating of the tube and it is necessary,
therefore, to assume another and higher load resistance so that the plate-dissipation
rating will not be exceeded.

It will be found that at an operating plate voltage of 300 volts the 2A3’s
require a plate-to-plate load resistance of 3000 ohms. From the formula for Rpp,
the value of I’ is found to be 0.4 ampere. The load line for the 3000-ohm load
resistance is then represented by a straight line from the point I’ = 0.4 ampere on
the plate-current ordinate to the point E, = 300 volts on the plate-voltage abscissa.
At the intersection of the load line with the zero-bias curve, the peak plate current,
Imax, can be read at 0.2 ampere. Then

Power output = (Imax/+/2 )t Rpp/4 = (0.2/1.41)2 38000/4 = 15 watts

Proceeding as in the first approximation, we find that the maximum-signal average
plate current, 0.636Impux, is 0.127 ampere, and the maximum-signal average power
input is 88.1 watts. This input minus the power output is 38.1 — 15 = 23.1 watts.
This is the dissipation for two tubes; the value per tube is 11.6 watts, a value well
within the rating of this tube type.

The operating bias and the zero-signal plate current may now be found by use
of a curve which is derived from the plate family and the load line. Fig. 26 is a
curve of instantaneous values of plate current and dc grid-bias voltages taken from
Fig. 25. Values of grid bias are read from each of the grid-bias curves of Fig. 25
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along the load line and are transferred to Fig. 26 to produce the curved line from
A to C. A tangent to this curve, starting at A, is drawn to intersect the grid-voltage
abscissa. The point of intersection, B, is the operating grid bias for fixed-bias
operation. In the example, the bias is —60 volts. Refer back to the plate family at
the operating conditions of plate volts = 300 and grid bias = —60 volts; the zero-
signal plate current per tube is seen to be 0.04 ampere. This procedure locates the
operating point for each tube at P. The plate current must be doubled, of course, to
obtain the zero-signal plate current for both tubes. Under maximum-signal condi-
tions, the signal voltage swings from zero-signal bias voltage to zero bias for each
tube on alternate half cycles. Hence, in the example, the peak af signal voltage
per tube is 60 volts, or the grid-to-grid value is 120 volts.

As in the case of the push-pull class A amplifier, the second-harmonic distor-
tion in a class AB; amplifier using triodes is very small and is largely cancelled by
virtue of the push-pull connection. Third-harmonic distortion, however, which may
be larger than permissible, can be found by means of composite characteristic
curves. A complete family of curves ean be plotted, but for the present purpose
only the one corresponding to a grid bias of one-half the peak grid-voltage swing is
needed. In the example, the peak grid voltage per tube is 60 volts, and the half
value is 30 volts. The composite curve, since it is nearly a straight line, can be con-
structed with only two points (see Fig. 25). These two points are obtained from
deviations above and below the operating grid and plate voltages. In order to find
the curve for a bias of —30 volts, we have assumed a deviation of 30 volts from the
operating grid voltage of —-60 volts. Next assume a deviation from the operating
plate voltage of, say, 40 volts. Then at 300 — 40 = 260 volts, erect a vertical line to
intersect the (-60) — (-30) = ~30-volt bias curve and read the plate current at this
intersection, which is 0.167 ampere; likewise, at the intersection of a vertical line
at 300 + 40 = 340 volts and the (-60) + (-30) = ~90-volt bias curve, read the
plate current. In this example, the plate current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between these two currents determines the point
E on the 300 — 40 = 260-volt vertical. Similarly, another point F on the same com-
posite curve is found by assuming the same grid-bias deviation but a larger plate-
voltage deviation, say, 100 volts. We now have points at 260 volts and 0.165
ampere (E), and at 200 volts and 0.045 ampere (F'). A straight line through these
points is the composite curve for a bias of —30 volts, shown as a long-short dash
line in Fig. 25. At the intersection of the composite curve and the load line, G, the
instantaneous composite plate current at the point of one-half the peak signal
swing is determined. This current value, designated I,.; and the peak plate cur-
rent, Imax, are used in the following formula to find peak value of the third-har-
monic component of the plate current.

Ths = (2I0.5 —~ Imax)/3

In the example, where I.; is 0.097 ampere and I,y is 0.2 ampere, In; = (2 X 0.097 -
0.2)/3 = (0.194 - 0.2)/3 = —0.006/3 = —0.002 ampere. (The fact that I, is negative
indicates that the phase relation of the fundamental (first-harmonic) and third-
harmonic components of the plate current is such as to result in a slightly peaked
wave form. Iy; is positive in some cases, indicating a flattening of the wave form.)

The peak value of the fundamental or first-harmonic component of the plate
current is found by the following formula:
Ih = 2/3 (Imax + Io.s)
In the example, In; = 2/3 (0.2 + 0.097) = 0.198 ampere. Thus, the percentage of
third-harmonic distortion is (Ins/In) 100 = (0.002/0.198)100 = 19, approx.

A class AB; amplifier employs two tubes connected in push-pull as in the ease
of class AB, amplifiers. It differs in that it is biased so that plate current flows for
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somewhat more than half the electrical cycle but less than the full eycle, the peak
signal voltage is greater than the dec bias voltage, grid current is drawn, and con-
sequently, power is consumed in the grid circuit. These conditions permit high
power output to be obtained without excessive plate dissipation.

The sum of the power used in the grid circuit and the losses in the input trans-
former is the total driving power required by the grid circuit. The driver stage should
be capable of a power output considerably larger than this required power in order
that distortion introduced in the grid circuit be kept low. In addition, the internal
impedance of the driver stage as reflected into or as effective in the grid circuit of the
power stage should always be as low as possible in order that distortion may be
kept low. The input transformer used in a class AB, stage usually has a step-down
ratio adjusted for this condition.

Load resistance, plate dissipation, power output, and distortion determina-
tions are similar to those for class AB;. These quantities are interdependent with
peak grid-voltage swing and driving power; a satisfactory set of operating condi-
tions involves a series of approximations. The load resistance and signal swing are
limited by the permissible grid current and power, and the distortion. If the load
resistance is too high or the signal swing is excessive, the plate-dissipation rating
will be exceeded, distortion will be high, and the driving power will be unneces-
sarily high.

A class B amplifier employs two tubes connected in push-pull, so biased that
plate current is almost zero when no signal voltage is applied to the grids. Because
of this low value of no-signal plate current, class B amplification has the same ad-
vantage as class AB;, i.e., large power output can be obtained without excessive
plate dissipation. Class B operation differs from class AB; in that plate current is
cut off for a larger portion of the negative grid swing, and the signal swing is
usually larger than in class AB; operation.

Because tubes designed for use as class B amplifiers usually operate at zero or
low bias, each grid is at a positive potential during all or most of the positive half-
eycle of its signal swing and consequently draws considerable grid current. There is,
therefore, a loss of power in the grid circuit. This condition imposes the same
requirement in the driver stage as in a class AB; stage, that is, the driver should be
capable of delivering considerably more power output than the power required for
the class B grid circuit in order that distortion be low. Likewise, the interstage
transformer between the driver and class B stage usually has a step-down turns ratio.

Determination of load resistance, plate dissipation, power output, and distor-
tion is similar to that for a class AB, stage.

Power amplifier tubes designed for class A operation can be used in class AB, and
class B service under suitable operating conditions. There are several tube types
designed especially for class B service. The characteristic common to all of these
types is a high amplification factor. With a high amplification factor, plate current
is small even when the grid bias is zero. These tubes, therefore, can be operated
in class B service at a bias of zero volts so that no bias supply is required. A number
of class B amplifier tubes consist of two triode units mounted in one tube. The two
units can be connected in push-pull so that only one tube is required for a class B
stage. Examples of twin triodes used in class B service are the 6N7 and 1G6-GT.

The preceding text has discussed the use of tubes in the conventional grid-
drive type of amplifier—that is, where the cathode is common to both the input
and output circuits. Tubes may also be employed as amplifiers in circuit arrange-
ments which utilize the grid or plate as the common terminal. Probably the most
important of these amplifiers are the cathode-drive circuit, which is discussed
below, and the cathode-follower circuit, which will be discussed later in connection
with inverse feedback.
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A typical cathode drive circuitis shown in Fig. 27. The load is placed in the
plate circuit and the output voltage is taken off between the plate and ground as
in the grid-drive method of operation. The grid is grounded, and the input voltage
is applied across an appropriate impedance in the cathode circuit. The cathode-
drive circuit is particularly useful for vhf and uhf applications, in which it is neces-
sary to obtain the low-noise penformance usually associated with a triode, but
where a conventional grid-drive circuit would be unstable because of feedback
through the grid-to-plate capacitance of the tube. In the cathode-drive circuit, the
grounded grid serves as a capacitive shield between plate and cathode and permits
stable operation at frequencies higher than those in which conventional circuits
can be used. The input impedance of a cathode-drive circuit is approximately equal
to 1/gm when the load resistance is small compared to the rp of the tube. A certain
amount of power is required, therefore, to drive such a circuit. However, in the
type of service in which cathode-drive circuits are normally used, the advantages
of the grounded-grid connection usually outweigh this disadvantage.

OUTPUT
r VOLTAGE

B+
Fig. 27

An inverse-feedback circuit, sometimes called 2 degenerative circuit, is one
in which a portion of the output voltage of a tube is applied to the input of the
same or a preceding tube in opposite phase to the signal applied to the tube. Two
important advantages of feedback are: (1) reduced distortion from each stage
included in the feedback circuit and (2) reduction in the variations in gain due to
changes in line voltage, possible differences between tubes of the same type, or
variations in the values of circuit constants included in the feedback circuit.

Inverse feedback is used in audio amplifiers to reduce distortion in the output
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for all audio frequencies, the load impedance
on the output tube varies with frequency. When the output tube is a pentode or
beam power tube having high plate resistance, this variation in plate load imped-
ance can, if not corrected, produce considerable frequency distortion. Such fre-
quency distortion can be reduced by means of inverse feedback. Inverse feedback
circuits are of the constant-voltage type and the constant-current type.

The application of the constant-
INPUT §l
SIGNAL

voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 28. In this circuit, R;, R, and C
are connected across the output of
the 6L6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Capacitor C blocks.
o the dc plate voltage from the grid.
However, a portion of the tube’s af
output voltage, approximately equal
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to the output voltage multiplied by the fraction Rs/(R; + Rs), is applied to the
grid. This voltage lowers the source impedance of the circuit and a decrease in
distortion results which is explained in the curves of Fig. 29.

Fig. 29

Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage e is applied to the grid the af plate current i’y has an irreg-
ularity in its positive half-cycle. This irregularity represents a departure from the
waveform of the input signal and is, therefore, distortion. For this plate-current
waveform, the af plate voltage has a waveform shown by e’;,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-
current increase produces an increase in the drop across the plate load. The voltage
at the plate is the difference between the drop across the load and the supply volt-
age; thus, when plate current goes up, plate voltage goes down; when plate current
goes down, plate voltage goes up.

Now suppose that inverse feedback is applied to the amplifier. The voltage
fed back to the grid has the same waveform and phase as the plate voltage, but is
smaller in magnitude. Hence, with a plate voltage of waveform shown by e’y, the
feedback voltage appearing on the grid is as shown by e’gr. This voltage applied
to the grid produces a component of plate current i’. It is evident that the irregu-
larity in the waveform of this component of plate current would act to cancel the
original irregularity and thus reduce distortion.

After inverse feedback has been applied, the relations are as shown in the curve
for ip. The dotted curve shown by i’y is the component of plate current due to the
feedback voltage on the grid. The dotted curve shown by i’, is the component of
plate current due to the signal voltage on the grid. The algebraic sum of these two
components gives the resultant plate current shown by the solid curve of ip. Since
i’p is the plate current that would flow without inverse feedback, it can be seen
that the application of inverse feedback has reduced the irregularity in the output
current. In this manner inverse feedback acts to correct any component of plate
current that does not correspond to the input signal voltage, and thus reduces
distortion.

From the curve for iy, it can be seen that, besides reducing distortion, inverse
feedback also reduces the amplitude of the output current. Consequently, when
inverse feedback is applied to an amplifier there is a decrease in gain or power
sensitivity as well as a decrease in distortion. Hence, the application of inverse
feedback to an amplifier requires that more driving voltage be applied to obtain
full power output, but this output is obtained with less distortion.
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Inverse feedback may also be applied to resistance-coupled stages as shown
in Fig. 30. The circuit is conventional except that a feedback resistor, R;, is con-
nected between the plates of tubes T, and T.. The output signal voltage of T,
and a portion of the output signal voltage of T, appears across R.. Because the
distortion generated in the plate circuit of T, is applied to its grid out of phase
with the input signal, the distortion in the output of T, is comparatively low.
With sufficient inverse feedback of the constant-voltage type in a power-output
stage, it is not necessary to employ a network of resistance and capacitance such
as that described on page 32 in the output circuit to reduce response at high audio
frequencies. Inverse-feedback circuits can also be applied to push-pull class A and
class AB, amplifiers.

Constant-current inverse feedback is AN

usually obtained by omitting the bypass g R3 T2
capacitor across a cathode resistor. This % %

method decreases the gain and the dis- “%ﬂ
tortion but increases the source imped- Ry

ance of the circuit. Consequently, the

output voltage rises at the resonant fre-

quency of the loudspeaker and accentu-
ates hangover effects.

C- B5C+ B8+

Fig. 80

Inverse feedback is not generally ap-

plied to a triode power amplifier, such as the 2A3, because the variation in speaker
impedance with frequency does not produce much distortion in a triode stage
~ having low plate resistance. It is sometimes applied in a pentode stage but is not
always convenient. As has been shown, when inverse feedback is used in an ampli-
fier, the driving voltage must be increased in order to give full power output.
When inverse feedback is used with a pentode, the total driving voltage required
for full power output may be inconveniently large, although still less than that
required for a triode. Because a beam power tube gives full power output on a
comparatively small driving voltage, inverse feedback is especially applicable to
beam power tubes. By means of inverse feedback, the high efficiency and high
power output of beam power tubes can be combined with freedom from the effects
of varying speaker impedance.

INPUT
SIGNAL
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Fig. 31

Another important application of inverse feedback is in the cathode-follower
circuit, an example of which is given in Fig. 31. In this application, the load has
been transferred from the plate circuit to the cathode circuit of the tube. The input
voltage is applied between the grid and ground and the output is taken off between
the cathode and ground. The voltage amplification of this circuit is always less than
unity and may be expressed by the following convenient formulas.
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For a triode:

Voltage amplification = amplification factor X load resistance

plate resistance + load resistance X (amplification factor + 1)

For a pentode:

Voltage amplification = transconductance X load resistance

1+ (transconductance X load resiatance)

Resistance values are in ohms; transconductance values are in mhos.

The use of the cathode follower permits the design of circuits which have high
input resistance and high output voltage. The output impedance is quite low and
very low distortion may be obtained. Cathode-follower circuits may be used for
power amplifiers or as impedance transformers designed either to match a trans-
mission line or to produce a relatively high output voltage at a low impedance
level. In a power amplifier which is transformer coupled to the load, the same
output power can be obtained from the tube as would be obtained in a conventional
grid-drive type of amplifier. The output impedance is very low and provides excellent
damping to the load, with the result that very low distortion can be obtained. The
peak-to-peak signal voltage, however, approaches 114 times the plate supply
voltage if maximum power output is required from the tube. Some problems may
be encountered, therefore, in the design of an adequate driver stage for a cathode-
follower output system.

When 2 cathode-follower circuit is used as an impedance transformer, the load
is usually a simple resistance in the cathode circuit of the tube. With relatively
low values of cathode resistor, the circuit may be designed to supply significant
amounts of power and to match the impedance of the device to a transmission line.
With somewhat higher values of cathode resistor, the circuit may be used to lower
the output impedance sufficiently to permit the transmission of audio signals along
a line in which appreciable capacitance is present.

The cathode follower may also be used as an isolation device to provide ex-
tremely high input resistance and low input capacitance as might be required in
the probe of an osciiloscope or vacuum-tube voltmeter. Such circuits can be de-
signed to provide effective impedance transformation with no significant loss of
voltage.

Selection of a suitable tube and its operating conditions for use in a cathode-
follower circuit having a specified output impedance can be made, in most practical
cases, by the use of the following formula to determine the required tube trans-
conductance.

Required transconductance (micromhos) = 1,000,000

output impedance (ohms)

Once the required transconductance is obtained, a suitable tube and its oper-
ating conditions may be determined from the TECHNICAL DATA SECTION.
The conversion curves given in Fig. 24 may be used for calculating operating
conditions for values of transconductance not included in the tabulated data. After
the operating conditions have been determined, the value of the required cathode
load resistance may be calculated from the following formula.

For triode:
. _ output impedance X plate resistance
Cathode load resistance plate resistance — output impedance (1 + amplification factor)
For pentod-*

output impedance
(transconductance X output impedance)

Cathode load resistance ==

Resistance and impedance values are in ohms; transconductance values are in
mhos.
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If the value of the cathode load resistance calculated to give the required output
impedance does not give the required operating bias, the basic cathode-follower
circuit can be modified in a number of ways. Two of the more common modifica-
tions are given in Figs. 32 and 33. In Fig. 32 the bias is increased by adding a
bypassed resistance between the cathode and the unbypassed load resistance and
returning the grid to the low end of the load resistance. In Fig. 33 the bias is re-
duced by adding a bypassed resistance between the cathode and the unbypassed
load resistance but, in this case, the grid is returned to the junction of the two
cathode resistors so that the bias voltage is only the de voltage drop across the
added resistance. The size of the bypass capacitor should be large enough so that

It - B
LY
INPUT %
INPUT L
SIGNAL SIGNAL é
9 o
OUTPUT ouUTPUT
A LOAD
T ResiDnce VOLTAGE %stxsnnca VOLTAGE
+ =
Fig. 32 Fig. 33

it presents negligible reactance at the lowest frequency to be handled. In both
cases the B-supply should be increased to make up for the voltage taken for
biasing. Example: Select a suitable tube and determine the operating conditions
and circuit components for a cathode-follower circuit having an output impedance
that will match a 500-ohm transmission line. Procedure: First, determine the
approximate transconductance required.
Required transconductance =L(%J)_,00_0Q= 2000 micromhos

A survey of the tubes that have a transconductance in this order of magnitude
shows that type 12AX7 is among the tubes to be considered. Referring to the
characteristics given in the technical data section for one triode unit of high-mu
twin triode 12AX7, we find that for a plate voltage of 250 volts and a bias of -2
volts, the transconductance is 1600 micromhos, the plate resistance is 62500 ohms,
the amplification factor is 100, and the plate current is 0.0012 ampere. When these
values are used in the expression for determining the cathode load resistance, we

obtain

. 500 X 62500 _
Cathode load resistance = 3500 — 500 (100 F 1) 2600 ohms

The voltage across this resistor for a plate current of 0.0012 ampere is
2600 X 0.0012 = 3.12 volts. Because the required bias voltage is only —2 volts, the
circuit arrangement given in Fig. 31 is employed. The bias is furnished by a
resistance that will have a voltage drop of 2 volts when it carries a current of 0.0012
ampere. The required bias resistance, therefore, is 2/0.0012 = 1670 ohms. If 60
cycles per second is the lowest frequency to be passed, 20 microfarads is a suitable
value for the bypass capacitor. The B-supply, of course, is increased by the voltage
drop across the cathode resistance which, in this example, is approximately 5 volts.
The B—supply, therefore, is 250 + 5 = 255 volts.

Since it is desirable to eliminate, if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other tubes and other operating conditions to
obtain a value of cathode load resistance which will also provide the required bias.
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If the triode section of twin diode—high-mu triode 6AT6 is operated under the
conditions given in the technical data section with a plate voltage of 100 volts
and a bias of -1 volt, it will have an amplification factor of 70, a plate resistance
of 54000 ohms, a transconductance of 1300 micromhos, and a plate current of
0.0008 ampere.

Then
’ Cathode load resistance = 500 X 54000 = 1460 ochms
54000 — 500 (70 + 1)

The bias voltage obtained across this resistance is 1460 X 0.0008 = 1.17 volts.
Since this value is for all practical purposes close enough to the required bias, no
additional bias resistance will be required and the grid may be returned directly
to ground. There is no need to adjust the B-supply voltage to make up for the
drop in the cathode resistor. The voltage amplification for the cathode-follower
circuit utilizing the triode section of type 6ATS6 is

P 70 X 1460 -
Voltage amplification = gra56—450 CES 0.65

For applications in which the cathode follower is used to isolate two circuits—
for example, when it is used between a circuit being tested and the input stage of
an oscilloscope or a vacuum-tube voltmeter —voltage output and not impedance
matching is the primary consideration. In such applications it is desirable to use a
relatively high value of cathode load resistance, such as 50,000 ohms, in order to
get the maximum voltage output. In order to obtain proper bias, a circuit such as
that of Fig. 33 should be used. With a high value of cathode resistance, the voltage
amplification will approximate unity.

A corrective filter can be used to improve the frequency characteristic of an
output stage using a beam power tube or a pentode when inverse feedback is not
applicable. The filter consists of a resistor and a capacitor connected in series
across the primary of the output transformer. Connected in this way, the filter is
in parallel with the plate load impedance reflected from the voice-coil by the out-
put transformer. The magnitude of this reflected impedance increases with increas-
ing frequency in the middle and upper audio range. The impedance of the filter,
however, decreases with increasing frequency. It follows that by use of the proper
values for the resistance and the capacitance in the filter, the effective load imped-
ance on the output tubes can be made practically constant for all frequencies in the
middle and upper audio range. The result is an improvement in the frequency
characteristic of the output stage.

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 cycles
or higher is equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements of the
output voltage across the primary of the output transformer: first, when a 400-
cycle'signal is applied to the input, and second, when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of capaci-
tance is the one which gives equal output voltages for the two signal inputs. In
practice, this value is usually found to be in the order of 0.05 microfarad.

A volume expander can be used in a phonograph amplifier to make more
natural the reproduction of music which has a very large volume range. For in-
stance, in the music of a.symphony orchestra, the sound intensity of the loud
passages is very much higher than that of the soft passages. When this music is
recorded, it is not feasible to make the ratio of maximum amplitude to minimum
amplitude as large on the record as it is in the original music. The recording process -
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is therefore monitored so that the volume range of the original is compressed on the
record. To compensate for this compression, a volume-expander amplifier has a
variable gain which is greater for a high-amplitude signal than for a low-amplitude
signal. The volume expander, therefore, amplifies loud passages more than soft
passages and thus can restore to the music reproduced from the record the volume
range of the original.

C3
2
AF_OuTAUY Ci, Cs, Cs = 0.1 uf
= Ca, Cy, Ce = 0.5 uf

+8 Ri = 1-Megohm Potentiometer
o] (Volume Control)

25%0V. | Rz = 1 Megohm
TYPE 646 Rs, Rs = 100,000 ohms, 1 watt
Rg 100V. | R4 = 1-Megohm Potentiometer
: (Expansion Control)
ov. 5 Rs= 10,000 ohms, 0.1 watt
S Ry = 100,000 ohms, 0.1 watt
-V Rs = 250,000 ohms, 0.1 watt
~13V. Ry = 500,000 ohms, 0.1 watt
5 o SEE
NOTE
DELAY VOLTAGE -

Fig. 34

A volume expander circuit is shown in Fig. 34. In this circuit, the gain of the
6L7 as an audio amplifier can be varied by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less negative, the gain of the 6L7 increases. The
signal to be amplified is applied to grid No. 1 of the 6.7 and is amplified by the
6L7. The signal is also applied to the grid of the 6J5, is amplified by the 6J5, and
is rectified by the 6H6. The rectified voltage developed across Rs, the load resistor
of the 6HS6, is applied as a positive bias voltage to grid No. 3 of the 6L7. Then,
when the amplitude of the signal input increases, the voltage across R; increases,
and the bias on grid No. 3 of the 6L.7 is made less negative. Because this reduction
in bias increases the gain of the 6.7, the gain of the amplifier increases with increase
in signal amplitude and thus produces volume expansion of the signal. The voltage
gain of the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too large. For that reason, the signal input to the
6L7 should not exceed a peak value of 1 volt. The no-signal bias voltage on grid
No. 3 is controlled by adjustment of contact P. This contact should be adjusted
initially to give a no-signal plate current of 0.15 milliampere in the 6L7. No
further adjustment of contact P is required if the same 6L7 is always used. If it
is desired to delay volume expansion until the signal input reaches a certain am-
plitude, the delay voltage can be inserted as a negative bias on the 6H6 plates at
the point marked X in the diagram. All terminal points on the power-supply volt-
age divider should be adequately bypassed.

A phase inverter is a circuit used to provide resistance coupling between the
output of a single-tube stage and the input of a push-pull stage. The necessity
for a phase inverter arises because the signal-voltage inputs to the grids of a push-
pull stage must be 180 degrees out of phase and approximately equal in amplitude
with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings the grid of one tube in a positive direction, it should swing the grid
of the other tube in a negative direction by a similar amount. With transformer
coupling between stages, the out-of-phase input voltage to the push-pull stage is
supplied by means of the center-tapped secondary. With resistance coupling, the
out-of-phase input voltage is obtained by means of the inverter action of a tube.
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Fig.35showsapush-pull power amplifier, resistance-coupled by meansof a phase-
inverter circuit to asingle-stage triode T,. Phaseinversion in this circuit is provided by
triode T,. The output voltage of T, is applied to the grid of triode T;. A portion of
the output voltage of T; is also applied through the resistors R; and R; to the
grid of T.. The output voltage of T: is applied to the grid of triode T,. When the
output voltage of T, swings in the
positive direction, the plate current
of T, increases. This action in-
creases the voltage drop across the
plate resistor R; and swings the AL
plate of T;in the negative direction. VOLTAGE
Thus, when the output voltage of T,
swings positive, the output voltage
of T, swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E, and Ey,
(R3+Rs) / Rs should equal the volt-
age gain of T,. Under the conditions
where a twin-type tube or two
tubes having the same characteristics are used at T; and T., R, should be equal to
the sum of R; and R;. The ratio of Rs+R; to Rs; should be the same as the voltage gain
ratio of T; in order to apply the correct value of signal voltage to T;. The value of
R; is, therefore, equal to R, divided by the voltage gain of T:; R; is equal to R,
minus Rs. Values of R, Rs, R; plus Rs, and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T..

Fig. 85

An amplifier may also be used as a limiter. One use of a limiter is in receivers
designed for the reception of frequency-modulated signals. The limiter in FM
receivers has the function of eliminating amplitude variations from the input to the
detector. Because in an FM system amplitude variations are primarily the result
of noise disturbances, the use of a limiter prevents such disturbances from being
reproduced in the audio output. The limiter usually follows the last if stage so that
it can minimize the effects of disturbances coming in on the rf carrier and those
produced locally,

The limiter is essentially an if voltage amplifier designed for saturated opera-
tion. Saturated operation means that an increase in signal voltage above a certain
value produces very little increase in plate current. A signal voltage which is never
less than sufficient to cause saturation of the limiter, even on weak signals, is
supplied to the limiter input by the preceding stages. Any change in amplitude,
therefore, such as might be produced by noise voltage fluctuation, is not reproduced
in the limiter output. The limiting action, of course, does not interfere with the
reproduction of frequency variations. Plate-current saturation of the limiter may
be obtained by the use of grid-No.l-resistor-and-capacitor bias with plate and
grid-No.2 voltages which are low compared with customary if-amplifier operating
conditions. As a result of these design features, the limiter is able to maintain its
output voltage at a constant amplitude over a wide range of input-signal voltage
variations. The output of the limiter is frequency-modulated if voltage, the mean
frequency of which is that of the if amplifier. This voltage is impressed on the
input of the detector.

The reception of FM signals without serious distortion requires that the re-
sponse of the receiver be such that satisfactory amplification of the signal is pro-
vided over the entire range of frequency deviation from the mean frequency. Since
the frequency at any instant depends on the modulation at that instant, it follows
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that excessive attenuation toward the edges of the band, in the rf or if stages, will
cause distortion. In a high-fidelity receiver, therefore, the amplifiers must be capa-
ble of amplifying, for the maximum permissible frequency deviation of 75 kilocycles,
a band 150 kilocycles wide. Suitable tubes for this purpose are the 6BA6 and 6BJ6.

RECTIFICATION

The rectifying action of a diode finds an important application in supplying a
receiver with de power from an ac line. A typical arrangement for this applica-
tion includes a rectifier tube, a filter, and a voltage divider. The rectifying action
of the tube is explained briefly under Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE SECTION. The function of a filter is to
smooth out the ripple of the tube output, as indicated in Fig. 86, and to increase
rectifier efficiency. The action of the filter is explained in ELECTRON TUBE
INSTALLATION SECTION under Filters. The voltage divider is used to cut
down the output voltage to the values required by the plates and the other elec-
trodes of the tubes in the receiver.

A half-wave rectifier and a full-wave rectifier circuit are shown in Fig. 37. In

the half-wave circuit, current flows through the rectifier tube to the filter on every
other half-cycle of the ac input voltage when the

+V\ /\ /\ '222‘32%‘1:5“ plate is positive with respect to the cathode. In the
_l \/ \/ \/ full-wave circuit, current flows to the filter on every
half-cycle, through plate No. 1 on one half-cycle

*V\ /\ /\ rcreovoease when plate No. 1 is positive with respect to the
q cathode, and through plate No. 2 on the next half-
"r \/ \/ \/azcmggv&;me cycle when plate No. 2 is positive with respect to the
- cathode. Because the current flow to the filter is

+ . ; W U .
V\/\/\/\M WS more uniform in the full-wave circuit than in the
0 PLATESNRIR 2 3 3 1

half-wave circuit, the output of the full-wave circuit

Wﬁ'g}ﬁgﬁ" requires less filtering. Rectifier operating informa-
o &ram o tion and circuits are given under each rectifier tube
H oc vance type and in the CIRCUIT SECTION, respectively.
cl Reo R VER Parallel operation of rectifier tubes furnishes
FULL-WAVE RECTIFICATION  an output current greater than that obtainable
Fig. 36 with the use of one tube. For example, when two

full-wave rectifier tubes are connected in parallel,
the plates of each tube are connected together and each tube acts as a half-wave
rectifier. The allowable voltage and load conditions per tube are the same as for
full-wave service but the total load-handling capability of the complete rectifier

. Jz
OUTPUT ~
I:lN:'rTs g INPUT ouTeuT
oL FILTER voLTs nlgzn
ke | Fig. 37 ‘———]

is approximately doubled. When mercury-vapor rectifier tubes are connected
in parallel, a stabilizing resistor of 50 to 100 ohms should be connected in series
with each plate lead in order that each tube will carry an equal share of the
load. The value of the resistor to be used will depend on the amount of plate current
that passes through the rectifier. Low plate current requires a high value; high plate
current, a low value. When the plates of mercury-vapor rectifier tubes are connected
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in parallel, the corresponding filament leads should be similarly connected. Other-
wise, the tube drops will be considerably unbalanced and larger stabilizing resistors
will be required. Two or more vacuum rectifier tubes can also be connected in
parallel to give correspondingly higher output current and, as a result of paralleling
their internal resistanees, give somewhat increased voltage output. With vacuum
types, stabilizing resistors may or may not be necessary depending on the tube
type and the circuit.

A voltage-doubler circuit of simple form is shown in Fig. 88. The circuit derives
its name from the fact that its de voltage output can be as high as twice the peak
value of ae¢ input. Basically, a voltage doubler
is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.

N T

AC +E The action of a voltage doubler is briefly as
"gw T oc follows. On the positive half-cycle of the ac
L oUTPuT input, that is, when the upper side of the ac

=€ input line is positive with respect to the lower

) side, the upper diode passes current and feeds
T)yT2 = SEPARATE FILAMENT a positive charge into the upper capacitor. As
TRANSFORMER WINDINGS positive charge accumulates on the upper plate

Fig. 38 of the capacitor, a positive voltage builds up

across the capacitor. On the next half-cycle of
the ac input, when the upper side of the line is negative with respect to the lower
side, the lower diode passes current so that a negative voltage builds up across the
lower capacitor. So long as no current is drawn at the output terminals from the
capacitor, each capacitor can charge up to a voltage of magnitude E, the peak value
of the ac input. It can be seen from the diagram that with a voltage of +E on one
capacitor and —E on the other, the total voltage across the capacitors is 2E. Thus
the voltage doubler supplies a no-load de output voltage twice as large as the
peak ac input voltage. When current is drawn at the output terminals by the load,
the output voltage drops below 2E by an amount that depends on the magnitude of
the load current and the capacitance of the capacitors. The arrangement shown
in Fig. 36 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the ac input cycle.

Two rectifier types especially designed for use as voltage doublers are the
25Z6 and 117Z6-GT. These tubes combine two separate diodes in one tube.
As voltage doublers, the tubes are used in *‘transformerless’’ receivers. In these
receivers, the heaters of all tubes in the set are connected in series with a voltage-
dropping resistor across the line. The connections for the heater supply and the
voltage-doubling circuit are shown in Figs. 89 and 40,

VOLTAGE-DOUBLER CIRCUIT VOLTAGE -DOUBLER CIRCUIT
FULL =WAVE HALF -WAVE

’ |

Ry oc
ouTPUT

+
5 M
VN
R=HEATERS OF OTHER TUBES IN SERIES
WiTH VOLTAGE-DROPPING RESISTOR
R=PROTECTIVE RESISTOR

Fig. 39 Fig. 40

With the full-wave voltage-doubler circuit in Fig. 39, it will be noted that the
de load circuit can not be connected to ground or to one side of the ac supply line.
This circuit presents certain disadvantages when the heaters of all the tubes in the
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set are connected in series with a resistance across the ac line. Such a circuit arrange-
ment may cause hum because of the high ac potential between the heaters and
cathodes of the tubes. The circuit in Fig. 40 overcomes this difficulty by making
one side of the ac line common with the negative side of the dec load circuit. In
this circuit, one half of the tube is used to charge a capacitor which, on the following
half cycle, discharges in series with the line voltage through the other half of the
tube. This circuit is called a half-wave voltage doubler because rectified current
flows to the load only on alternate halves of the ac input cycle. The voltage regu-
lation of this arrangement is somewhat poorer than that of the full-wave voltage
doubler.

DETECTION

When speech or music is transmitted from a radio station, the station radiates
a radio-frequency (rf) wave which is of either of two general types. In one type, the
wave is said to be amplitude modulated when its frequency remains constant and
the amplitude is varied. In the other type, the wave is said to be frequency modu-
lated when its amplitude remains essentially constant but its frequency is varied.
In either case, the varying component is modulated in accordance with the audio
frequencies (af) of the speech or music being transmitted.

The function of the receiver is to reproduce the original af modulating wave
from the modulated rf wave. The receiver stage in which this funection is performed
is called the demodulator or detector stage.

e

UNMODULATED AF MODULATING
RF CARRIER AMPLITUDE MODULATED

Fig. 41

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 41. There are three different basic circuits used for the detection of ampli-
tude-modulated waves: the diode detector, the grid-bias detector, and the grid-
resistor detector. These circuits are alike in that they eliminate, either partially or
completely, alternate half-cycles of the rf wave. With alternate half-cycles re-
moved, the audio variations of the other half-cycles can be amplified to drive
headphones or a loudspeaker.

A diode-detector circuit is shown in Fig. 42. The action of this circuit when a
modulated rf wave is applied is illustrated by Fig. 43. The rf voltage applied to

Fig. 42 Fig. 48

the circuit is shown in light line; the output voltage across capacitor C is shown
in heavy line. Between points (a) and (b) on the first positive half-cycle of the
applied rf voltage, capacitor C charges up to the peak value of the rf voltage.
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Then as the applied rf voltage falls away from its peak value, the capacitor holds
the cathode at a potential more positive than the voltage applied to the anode.
The capacitor thus temporarily cuts off current through the diode. While the
diode current is cut off, the capacitor discharges from (b) to (c) through the diode
load resistor R. When the rf voltage on the anode rises high enough to exceed
the potential at which the capacitor holds the cathode, current flows again and
the capacitor charges up to the peak value of the second positive half-cycle at (d).
In this way, the voltage across the capacitor follows the peak value of the applied
rf voltage and reproduces the af modulation. The curve for voltage across the
capacitor, as drawn in Fig. 43, is somewhat jagged. However, this jaggedness,
which represents an rf component in the voltage across the capacitor, is exaggerated
in the drawing. In an actual circuit the rf component of the voltage across the
capacitor is negligible. Hence, when the voltage across the capacitor is amplified,
the output of the amplifier reproduces the speech or music originating at the trans-
mitting station.

Another way to describe the action of a diode detector is to consider the
eircuit as a half-wave rectifier. When the rf signal on the plate swings positive,
the tube conducts and the rectified current flows through the load resistance R.
Because the dc output voltage of a rectifier depends on the voltage of the ac input,
the dc voltage across C varies in accordance with the amplitude of the rf carrier
and thus reproduces the af signal. Capacitor C should be large enough to smooth
out rf or if variations but should not be so large as to affect the audio variations.
Two diodes can be connected in a circuit similar to a full-wave rectifier to give
full-wave detection. However, in practice, the advantages of this connection
generally do not justify the extra circuit complication.

The diode method of detection produces less distortion than other methods
because the dynamic characteristics of a diode can be made more linear than those
of other detectors. The disadvantages of a diode are that it does not amplify the
signal, and that it draws current from the input circuit and therefore reduces the
selectivity of the input circuit. However, because the diode method of detection
produces less distortion and because it permits the use of simple ave circuits with-
out the necessity for an additional voltage supply, the diode method of detection
is most widely used in broadecast receivers.

Fig. 44 Fig. 45

A typical diode-detector circuit using a twin-diode triode tube is shown in
Fig. 44. Both diodes are connected together. R, is the diode load resistor. A por-
tion of the af voltage developed across this resistor is applied to the triode grid
through the volume control R;. In a typical circuit, resistor R, may be tapped so
that five-sixths of the total af voltage across R, is applied to the volume control.
This tapped connection reduces the af voltage output of the detector circuit
slightly but it reduces audio distortion and improves the rf filtering. DC bias
for the triode section is provided by the cathode-bias resistor R; and the audio
bypass capacitor C;. The function of capacitor C: is to block the de bias of the
cathode from the grid. The function of capacitor C; is to bypass any rf voltage
on the grid to cathode. A twin-diode pentode may also be used in this circuit.
With a pentode, the af output should be resistance-coupled rather than trans-
former-coupled.
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Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 45. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an rf signal voltage is applied to the diode, the dc voltage
at the tap supplies bias to the triode grid. When the rf signal is modulated, the
af voltage at the tap is applied to the grid and is amplified by the triode. The
advantage of this circuit over the self-biased arrangement shown in Fig. 44 is that
the diode-biased circuit does not employ a capacitor between the grid and the
diode load resistor, and consequently does not produce as much distortion of a
signal having a high percentage of modulation.

However, there are restrictions on the use of the diode-biased circuit. Because
the bias voltage on the triode depends on the average amplitude of the rf voltage
applied to the diode, the average amplitude of the voltage applied to the diode
should be constant for all values of signal strength at the antenna. Otherwise
there will be different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Because there is no bias applied to the diode-
biased triode when no rf voltage is applied to the diode, sufficient resistance should
be included in the plate circuit of the triode to limit its zero-bias plate current to a
safe value. These restrictions mean, in practice, that the receiver should have a
separate-channel avc system. With such an ave system, the average amplitude
of the signal voltage applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce small
distortion. Tubes taking a fairly large bias voltage are types such as the 6BF6 or
6ST7 having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

RF GRID RESISTOR
_CHONE RF CHOKE
CATHCDE ——
BIAS
RESISTOR
AF —3
@ouT x CAPACITORT AF
: OUTPUT INPUT OuTPUT
N}
RN
CAl
TH ,

» i
| |

HEATER A- A+ B
TRANSFORMER B-
Fig. 46 Fig. 47
A grid-bias detector circuit is shown in Fig. 46. In this circuit, the grid is
biased almost to cutoff, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a
C-battery, or a bleeder tap. Because of the high negative bias, only the positive
half-cycles of the rf signal are amplified by the tube. The signal is, therefore,
detected in the plate circuit. The advantages of this method of detection are that
it amplifies the signal, besides detecting it, and that it does not draw current from
the input circuit and therefore does not lower the selectivity of the input circuit.
The grid-resistor-and-capacitor method, illustrated by Fig. 47, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative dc bias voltage applied to the grid. Hence, on
the positive half-cycles of the rf signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid resistor as the
diode load resistor and the grid capacitor as the rf bypass capacitor. The voltage
across the capacitor then reproduces the af modulation in the same manner as
has been explained for the diode detector. This voltage appears between the grid
and cathode and is therefore amplified in the plate circuit. The output voltage
thus reproduces the original af signal.
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In this detector circuit, the use of a high-resistance grid resistor increases
selectivity and sensitivity. However,improved af response and stability are obtained
with lower values of grid-circuit resistance. This detector circuit amplifies the
signal, but draws current from the input circuit and therefore lowers the selectivity
of the input circuit.

The effect of frequency modulation on the waveform of the rf wave is shown
in Fig. 48. In this type of transmission, the frequency of the rf wave deviates from
a mean value, at an af rate depending on the
modulation, by an amount that is determined in
the transmitter and is proportional to the am-
plitude of the af modulation signal. For this
type of modulation, a detector is required to
discriminate between deviations above and be-
low the mean frequency and to translate those
deviations into a voltage whose amplitude va-
ries at audio frequencies. Since the deviations
occur at an audio frequency, the process is one
of demodulation, and the degree of frequency
deviation determines the amplitude of the de-
modulated (af) voltage.

A simple circuit for converting frequency
variations to amplitude variations is a circuit
which is tuned so that the mean radio fre-
quency is on one slope of its resonance charac-
teristic, as at A of Fig. 49. With modulation,
the frequency swings between B and C, and

Fig. a8 the voltage developed across the circuit varies

at the modulating rate. In order that no dis-

tortion will be introduced in this circuit, the frequency swing must be restricted

to the portion of the slope which is effectively straight. Since this portion is very

short, the voltage developed is low. Because of these limitations, this circuit is not
commonly used but it serves to illustrate the principle.

FREQUENCY-MODULATED RF WAVE.

VOLTAGE

FREQUENCY
Fig. 49

The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator circuit, such as that shown in Fig. 50. Because
of the phase relationships between the primary and each half of the secondary of
the input transformer (each half of the secondary is connected in series with the
primary through capacitor C:), the rf voltages applied to the diodes become unequal
as the rf signal swings from the resonant frequency in each direction. Since the
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swing occurs at audio frequencies (determined by the af modulation), the voltage
developed across the diode load resistors, R, and R, connected in series, varies at

AF
oUTPUT

Fig. 50

audio frequencies. The output voltage depends on the difference in amplitude of the
voltages developed across R, and R.,. These voltages are equal and of opposite
sign when the rf carrier is not modulated and the output is, therefore, zero. When
modulation is applied, the output voltage varies as indicated in Fig. 51.

+

OUTPUT
VOLTAGE

CARRIER
FREQUENCY

Fig. 51

Because this type of FM detector is sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently used to remove most of the amplitude modu-
lation from the carrier. (See Limiters under Amplification.)

Another form of detector for frequency-modulated waves is called a ratio
detector. This FM detector, unlike the previous one which responds to a difference
in voltage, responds only to changes in the ratio of the voltage across the two
diodes (Fig. 52) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.

The basic ratio detector is given in Fig. 52. The plate load for the final inter-
mediate-frequency-amplifier stage is the parallel resonant circuit consisting of C,
and the primary transformer T. The tuning and coupling of the transformer is
practically the same as in the previous circuit and, therefore, the rf voltages applied
to the diodes depend upon how much the rf signal swings from the resonant fre-
quency in each direction. At this point the similarity ends.

! DIODE Y
IF
INPUT T | _Lc3 _Lcs
Cz Cs

- -

7%. * Ca N OUTPUT R2
DT

DIODE 2 —-_L‘

Fig. 52
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Diode 1, Ry, and diode 2 complete a series circuit fed by the secondary of the
transformer T. The two diodes are connected in series so that they conduct on the
same rf half-cycle. The rectified current through R, causes a negative voltage to
appear at the plate of diode 1. Because Cs is large, this negative voltage at the plate
of diode 1 remains constant even at the lowest audio frequencies to be reproduced.
The rectified voltage across C; is proportional to the voltage across diode 1, and the
rectified voltage across C, is proportional to the voltage across diode 2. Since the
voltages across the two diodes differ according to the instantaneous frequency of
the carrier, the voltages across C; and C, differ proportionately, the voltage across
C; being the larger of the two voltages at carrier frequencies below the intermediate
frequency and the smaller at frequencies above the intermediate frequency. These
voltages across C; and C, are additive and their sum is fixed by the constant voltage
across Cq. Therefore, while the ratio of these voltages varies at an audio rate, their
sum is always constant. The voltage across C, varies at an audio rate when a fre-
quency-modulated rf carrier is applied to the ratio detector; this audio voltage is
extracted and fed to the audio amplifier. For a complete circuit utilizing this type
of detector, refer to the CIRCUIT SECTION.

AUTOMATIC VOLUME CONTROL

The chief purposes of automatic volume control in a receiver are to prevent
fluctuations in loudspeaker volume when the signal at the antenna is fading in and
out, and to prevent an unpleasant blast of loud volume when the set is tuned from
a weak signal, for which the volume control has
been turned up high, to a strong signal. To accom-
plish these purposes, an automatic volume control
circuit regulates the receiver’s rf and if gain so
that this gain is less for a strong signal than for a
= weak signal. In this way, when the signal strength
9.2f at the antenna changes, the avc circuit reduces the
; cz2 resultant change in the voltage output of the last
if stage and consequently reduces the change in
the speaker’s output volume.

OUTPUT
OF LAST
IF STAGE

AVC
BIAS
VOLTAGE

Fig. 63

The ave circuit reduces the rf and if gain for a strong signal usually by in-
creasing the negative bias of the rf, if, and frequency-mixer stages when the signal
increases. A simple ave circuit is shown in Fig. 53. On each positive half-cycle of
the signal voltage, when the diode plate is positive with respect to the cathode, the
diode passes current. Because of the flow of diode current through R,, there is a
voltage drop across R, which makes the left end of R, negative with respect to
ground. This voltage drop across R, is applied, through the filter R, and C, as
negative bias on the grids of the preceding stages. Then, when the signal strength
at the antenna increases, the signal applied to the avc diode increases, the voltage
drop across R, increases, the negative bias voltage applied to the rf and if stages
increases, and the gain of the rf and if stages is decreased. Thus the increase in
signal strength at the antenna does not produce as much increase in the output
of the last if stage as it would produce without avc. When the signal strength at
the antenna decreases from a previous steady value, the ave circuit acts, of course,
in the reverse direction, applying less negative bias, permitting the rf and if gain to
increase, and thus reducing the decrease in the signal output of the last if stage. In
this way, when the signal strength at the antenna changes, the ave circuit acts to
reduce change in the output of the last if stage, and thus acts to reduce change
in loudspeaker volume.

The filter, C and R, prevents the ave voltage from varying at audio frequency.
‘The filter is necessary because the voltage drop across R, varies with the modulation
of the carrier being received. If ave voltage were taken directly from R, without

42



—— RCA Receiving Tube Mannal

filtering, the audio variations in ave voltage would vary the receiver’s gain so as to
smooth out the modulation of the carrier. To avoid this effect, the ave voltage is
taken from the capacitor C. Because of the resistance R; in series with C, the ca-
pacitor C can charge and discharge at only a comparatively slow rate. The ave
voltage therefore cannot vary at frequencies as high as the audio range but can
vary at frequencies high enough to compensate for most fading. Thus the filter
permits the ave circuit to smooth out variations in signal due to fading, but pre-
vents the circuit from smoothing out audio modulation.

It will be seen that an ave circuit and a diode-detector circuit are much alike.
It is therefore convenient in a receiver to combine the detector and the ave diode
in a single stage. Examples of how these functions are combined in receivers are
shown in CIRCUIT SECTION.

In the circuit shown in Fig. 53, a certain amount of ave negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
the receiver’s rf and if gain at the maximum possible value for a weak signal, ave
circuits are designed in some cases to apply no ave bias until the signal strength
exceeds a certain value. These ave circuits are known as delayed ave or dave
circuits. A dave circuit is shown in Fig. 54. In this circuit, the diode section D,

OUTPUT
OF LAST
IF STAGE

DAVC
=3V(MIN)

of the 6H6 acts as detector and ave diode. R, is the diode load resistor and R,
and C; are the ave filter. Because the cathode of diode D is returned through a
fixed supply of -3 volts to the cathode of D, a de current flows through R, and
R: in series with D,. The voltage drop caused by this current places the ave lead
at approximately -3 volts (less the negligible drop through D;). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
ave lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across R,, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R, exceeds 3 volts, the plate of diode D, becomes more negative
than the cathode of D; and current flow in diode D; ceases. The potential of the
ave lead is then controlled by the voltage developed across R;. Therefore, with
further increase in signal strength, the ave circuit applies an increasing ave bias
voltage to the controlled stages. In this way, the circuit regulates the receiver’s
gain for strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 54 that a portion of the -3 volts delay voltage is applied
to the plate of the detector diode D,, this portion being approximately equal to
Ri/(R; + R,) times -3 volts. Hence, with the circuit constants as shown, the
detector plate is made negative with respect to its cathode by approximately one-
half volt. However, this voltage does not interfere with detection because it is not
large enough to prevent current flow in the tube.
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TUNING INDICATION WITH ELECTRON-RAY TUBES

Electron-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a change in controlling voltage. One application of them is as
tuning indicators in radio receivers. Types such as the 6U5, 6E5, and the 6AB5/6Nb5

contain two main parts: (1) a triode
CATHODE _FHUGRESCENT  which operates as a dc amplifier and

SHIELD RAY-CONTROL (2) an electron-ray indicator which is
-~ ELECTRODE located in the bulb as shown in Fig. 55.

The target is operated at a positive

TARGET > ,—LT_',&PE voltage and, therefore, attracts elec-

trons from the cathode. When the elec-

trons strike the target they produce a

—_— glow on the fluorescent coating of the

T%‘.SBE— CATHODE target. Under these conditions, the

target appears as a ring of light.

Fig. 55

A ray-control electrode is mount-
ed between the cathode and target. When the potential of this electrode is less
positive than the target, electrons flowing to the target are repelled by the electro-
static field of the electrode, and do not reach that portion of the target behind the
electrode. Because the target does not glow where it is shielded from electrons, the
control electrode casts a shadow on the glowing target. The extent of this shadow
varies from approximately 100° of the target when the control electrode is much
more negative than the target to 0° when the control electrode is at approximately
the same potential as the target.

In the application of the electron-ray tube, the potential of the control elec-
trode is determined by the voltage on the grid of the triode section, as can be seen in
Fig. 56. The flow of the triode plate current through resistor R produces a voltage
drop which determines the potential of the control electrode. When the voltage of
the triode grid changes in the positive direction, plate current increases, the poten-
tial of the control electrode goes down because of the increased drop across R, and
the shadow angle widens. When the potential of the triode grid changes in the nega-
tive direction, the shadow angle narrows.

" TYPE 6K7 BAF6-G
TRIODE VAN
CONNECTED R
ELECTRON-
RAY TUBE
AVC A -
VOLTAGE
1 MEG.
~—AnAan— Re—— B+
TO CONTROLLING -
= VOLTAGE . B8t R:ITYPICAL VALUE 1S 0.5 MEGOHM
Fig. 56 Fig. 57

Another type of indicator tube is the 6AF6-G. This tube contains only an
indicator unit but employs two ray-control electrodes mounted on opposite sides
of the cathode and connected to individual base pins. It employs an external de
amplifier. (See Fig. 57.) Thus, two symmetrically opposite shadow angles may be
obtained by connecting the two ray-control electrodes together; or, two unlike
patterns may be obtained by individual connection of each ray-control electrode
to its respective amplifier.

In radio receivers, ave voltage is applied to the grid of the dc amplifier. Because
ave voltage is at maximum when the set is tuned to give maximum response to a
station, the shadow angle is at minimum when the receiver is tuned to resonance
with the desired station.

44



RCA Receiving Tube Manual

The choice between electron-ray tubes depends on the avce characteristic of the
receiver. The 6E5 contains a sharp-cutoff triode which closes the shadow angle on
a comparatively low value of ave voltage. The 6AB5/6N5 and 6U5 each have a
remote-cutoff triode which closes the shadow on a larger value of ave voltage than
the 6E5. The 6AF6-G may be used in conjunction with de amplifier tubes having
either remote- or sharp-cutoff characteristics.

OSCILLATION

As an oscillator, an electron tube can be employed to generate a continuously
alternating voltage. In present-day radio broadcast receivers, this application is
limited practically to superheterodyne receivers for supplying the heterodyning
frequency. Several circuits (represented in Figs. 58 and 59) may be utilized, but
they all depend on feeding more energy from the plate circuit to the grid circuit
than is required to equal the power loss in the grid circuit. Feedback may be

B= A= B¢ B~  HEATER e+
A+ TRANSFORMER
Fig. 58 Fig. 59

produced by electrostatic or electromagnetic coupling between the grid and plate
circuits. When sufficient energy is fed back to more than compensate for the loss in
the grid circuit, the tube will oscillate. The action consists of regular surges of
power between the plate and the grid circuit at a frequency dependent on the
circuit constants of inductance and capacitance. By proper choice of these values,
the frequency may be adjusted over a very wide range.

The relaxation oscillator is an oscillator with a non-sinusoidal output. It
differs from the preceding type in that the oscillations are obtained by abruptly
releasing energy previously stored in the electric field of a capacitor. A multi-
vibrator is a special type of relaxation oscillator used in television receivers and
other electronic applications. A multivibrator may be considered as a two-stage
resistance-coupled amplifier in which the output of each tube is coupled into the
input of the other tube in order to sustain oscillations.

&4

.
II

tig. 60

Fig. 60 is a basic multivibrator circuit of the free-running type. In this circuit,
oscillations are maintained by the alternate shifting of conduction from one tube to
the other. The cycle starts with one tube usually at zero bias and the other at cutoff
or beyond. Each tube introduces a 180° phase shift so that the energy fed back has
the phase relation necessary to sustain oscillation. The frequency of oscillation is
determined primarily by the constants of the resistance-capacitance coupling circuits.
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FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the rf signal to an intermediate frequency. To perform this change in
frequency, a frequency-converting device consisting of an oscillator and a frequency

mixer is employed. In such a device,
RADIO shown diagrammatically in Fig. 61,
fREQUERCY " ReGvENCY two voltages of different frequency, the
MIXER OuTPUT rf signal voltage and the voltage gen-

OSCILLATOR

erated by the oscillator, are applied to
the input of the frequency mixer.
These voltages beat, or heterodyne,
within the mixer tube to produce a
Fig. 61 plate current having, in addition to
the frequencies of the input voltages,
numerous sum and difference frequencies. The output circuit of the mixer stage is
provided with a tuned circuit which is adjusted to select only one beat frequency,
i.e., the frequency equal to the difference betweeen the signal frequency and the
oscillator frequency. The selected output frequency is known as the intermediate
frequency, or if. The output frequency of the mixer tube is kept constant for all
values of signal frequency by tuning the oscillator to the proper frequency.

Important advantages gained in a receiver by the conversion of signal fre-
quency to a fixed intermediate frequency are high selectivity with few tuning stages
and a high, as well as stable, overall gain for the receiver.

Several methods of frequency conversion for superheterodyne receivers are of
interest. These methods are alike in that they employ a frequency-mixer tube in
which plate current is varied at a combination frequency of the signal frequency
and the oscillator frequency. These variations in plate current produce across the
tuned plate load a voltage of the desired intermediate frequency. The methods
differ in the types of tubes employed and in the means of supplying input voltages
to the mixer tube.

A method widely used before the availability of tubes especially designed for
frequency-conversion service and currently used in many FM, television, and
standard broadcast receivers, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
by means of inductance or capacitance.

A second method employs a tube having an oscillator and frequency mixer
combined in the same envelope. In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this type is shown in Fig. 62. Because five grids
are used, the tube is called a pentagrid converter. Grids No. 1 and No. 2, and the
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode
can be considered as a composite cathode which
supplies to the rest of the tube an electron
stream that varies at the oscillator frequency.
This varying electron stream is further con-
trolled by the rf signal voltage on grid No. 4.
Thus, the variations in plate current are due
to the combination of the oscillator and the sig-
nal frequencies. The purpose of grids No. 3 and
No. 5, which are connected together within the
tube, is to accelerate the electron stream and to
shield grid No. 4 electrostatically from the
other electrodes. The 6A8 is an example of a
pentagrid-converter type.

FREQUENCY CONVERTER
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Pentagrid-converter tubes of this design are good frequency-converting devices
at medium frequencies. However, their performanceis better at the lower frequencies
because the output of the oscillator drops off as the frequency is raised and because
certain undesirable effects produced by interaction between oscillator and signal
sections of the tube increase with frequency. To minimize these effects, several
of the pentagrid-converter tubes are designed so that no electrode functions alone
as the oscillator anode. In these tubes, grid No. 1 functions as the oscillator grid,

. TYPE 6BE6
RF
OUTPUT

PLATE

GRID N2 3 GRID N2 §
(RF SIGNAL) (SUPPRESSOR)
GRID N 2§ GRIDS N2 244
(OSCILLATOR GRID) (SCREEN)

OSCILLATOR
CIRCULT A1

Fig. 62

and grid No. 2 is connected within the tube to the screen (grid No. 4). The com-
bined two grids, Nos. 2 and 4, shield the signal grid (grid No. 3) and act as the
composite anode of the oscillator triode. Grid No. 5 acts as the suppressor. Con-
verter tubes of this type are designed so that the space charge around the cathode
is unaffected by electrons from the signal grid. Furthermore, the electrostatic field
of the signal grid also has little effect on the space charge. The result is that rf
voltage on the signal grid produces little effect on the cathode current. There is,
therefore, little detuning of the oscillator by ave bias because changes in avc bias
produce little change in oscillator transconductance or in the input capacitance of
grid No. 1. Examples of the pentagrid converters discussed in this paragraph are
the single-ended types 1R5 and 6BE6. A schematic diagram illustrating the use of
the 6BE6 with self-excitation is given in Fig. 63; the 6BE6 may also be used with
separate excitation. A complete circuit is shown in the CIRCUIT SECTION.

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8; a top view of its electrode arrangement is shown in Fig. 64.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.
The cathode, hexode mixer grid
(grid No. 1), hexode double- HEXODE ( MIXER) PLATE
screen (grids Nos. 2 and 4), HEXODE (SIGNAL)
hexode mixer grid (grid No. 3), GRID N=3
and hexode plate constitute the
mixer unit. The internal shields  uexooe crio ne
are connected to the shell of the (¥/*XER SCREEN secion)
tube and act as a suppressor for HEXODE (MIXER)
the hexode unit. The action )
of the 6K 8 in converting a radio-
frequency signal to an intermediate frequency depends on (1) the generation of a
local frequency by the triode unit, (2) the transferring of this frequency to the hex-
ode grid No. 1, and (3) the mixing in the hexode unit of this frequency with that of
the rf signal applied to the hexode grid No. 3. The 6K8 is not critical to changes in
oscillator-plate voltage or signal-grid bias and, therefore, finds important use in
all-wave receivers to minimize frequency-shift effects at the higher frequencies.
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A further method of frequency conversion employs a tube called a pentagrid
mixer. This type has two independent control grids and is used with a separate
oscillator tube. RF signal voltage is ap-
plied to one of the control grids and os-

cillator voltage is applied to the.ot_her. OSCILLATOR TYP:R?DLL._,S

It follows, therefore, that the variations sEPARSTE (SUPPRESSOR) o
in plate current are due to the combina- TUBE PLATE | CIRCUIT
tion of the oscillator and signal frequencies. st arory L R GRIDS Ne2 44
The arrangement of electrodes in a penta- S (SCREEN)
grid-mixer'tube is shown in Fig. 65. The INRP: R HEATER

tube contains a heater cathode, five grids, cireurr [ Xy L caThooe

and a plate. Grids Nos. 1 and 3 are o

control grids. The rf signal voltage is ap- SIGNAL)

plied to grid No. 1. This grid has a remote- Fig. 65

cutoff characteristic and is suited for con-
trol by ave bias voltage. The oscillator voltage is applied to grid No. 8. This grid
has a sharp-cutoff characteristic and produces a comparatively large effect on plate
current for a small amount of oscillator voltage. Grids Nos. 2 and 4 are connected
together within the tube. They accelerate the electron stream and shield grid No. 3
electrostatically from the other electrodes. Grid No. 5, connected within the tube
to the cathode, functions similarly to the suppressor in a pentode. The 6L7 is a
pentagrid-mixer tube.

AUTOMATIC FREQUENCY CONTROL

An automatic frequency control (afc) circuit provides a means of correcting
automatically the intermediate frequency of a superheterodyne receiver if, for any
reason, it drifts from the frequency to which the if stages are tuned. This correction
is made by adjusting the frequency of the oscillator. Such a circuit will automati-
cally compensate for slight changes in rf carrier or oscillator frequency as well as
for inaccurate manual or push-button tuning.

An afc system requires two sections: a frequency detector and a variable
reactance. The detector section may be essentially the same as the FM detector
illustrated in Fig. 50 and discussed under Defection. In the afc system, however,
the output is a de control voltage, the magnitude of which is proportional to the
amount of frequency shift. This de control voltage is used to control the grid bias
of an electron tube which comprises the variable reactance section (Fig. 66). The

i}

Fig. 66

plate current of the reactance tube is shunted across the oscillator tank circuit.
Because the plate current and plate voltage of the reactance tube are almost 90°
out of phase, the control tube affects the tank circuit in the same manner as a re-
actance. The grid bias of the tube determines the magnitude of the effective re-
actance and, consequently, a control of this grid bias can be used to control the oscil-
lator frequency.
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Electron Tube Installation

The installation of electron tubes requires care if high-quality performance is
to be obtained from the associated circuits. Installation suggestions and precautions
which are generally common to all types of tubes are covered in this section.
Careful observance of these suggestions will do much to help the experimenter
and electronic technician obtain the full performance capabilities of radio tubes
and circuits. Additional pertinent information is given under each tube type and
in the CIRCUIT SECTION.

FILAMENT AND HEATER POWER SUPPLY

The design of electron tubes allows for some variation in the voltage and cur-
rent supplied to the filament or heater, but most satisfactory results are obtained
from operation at the rated values. When the voltage is low, the temperature of the
cathode is below normal, with the result that electron emission is limited. The
limited emission may cause unsatisfactory operation and reduced tube life. On the
other hand, high cathode voltage may cause rapid evaporation of cathode material
and shorten tube life. To insure proper tube operation, it is important that the
filament or heater voltage be checked at the socket terminals by means of a high-
resistance voltmeter while the equipment is in operation. In the case of series
operation of heaters or filaments, correct adjustment can be checked by means
of an ammeter in the heater or filament circuit.

The filament or heater voltage supply may be a direct-current source (a battery
or a dc power line) or an alternating-current power line, depending on the type
of service and type of tube. Frequently, a resistor (either variable or fixed) is used
with a de supply to permit compensation for battery voltage variations or to adjust
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-
down transformer is used with an ac supply to provide the proper filament or
heater voltage. Receivers intended for operation on both de and ac¢ power lines
have the heaters connected in series with a suitable resistor and supplied directly
from the power line.

DC filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the 1.4-voit filament tubes,
it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell; the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life
of a dry-cell. Likewise, no series resistor is required when the 1.25-volt filament
subminiatures are operated from a single 1.5-volt flashlight-type dry-cell, when the
2-volt filament type tubes are operated from a single storage cell, or when the 6.3-
volt series are operated from a 6-volt storage battery. In the case of dry-battery
supply for 2-volt filament tubes, a variable resistor in series with the filament and
the battery is required to compensate for battery variations. Turning the set on
and off by means of the rheostat is advised to prevent over-voltage conditions
after an off-period because the voltage of dry-cells rises during off-periods. In the
case of storage-battery supply, air-cell-battery supply, or dc power supply, a non-
adjustable resistor of suitable value may be used. It is well to check initial operating
conditions, and thus the resistor value, by means of a voltmeter or ammeter.

The filament or heater resistor required when filaments and/or heaters are
operated in parallel can be determined easily by a simple formula derived from
Obm’s law.

supply volts — rated volts of tube type
total rated filament current (amperes)

Required resistance (ohms) =
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Thus, if a receiver using three 32’s, two 30’s, and two 31’s is to be operated from
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry-cells
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere
(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms.
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to obtain the next larger commercial size, although any value between
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the
resistor, the wattage rating should be sufficiently large to prevent overheating.
The power dissipation in watts is equal to the voltage drop in the resistor multiplied
by the total filament current in amperes. Thus, for the example above 1 X 0.56 =
0.56 watt. In this case, the value is so small that any commercial rheostat with
suitable resistance will be adequate.

For the case where the heaters and/or filaments of several tubes are operated
in series, the resistor value is calculated by the following formula, also derived
from Ohm’s law.

supply volts — total rated volts of tubes
rated amperes of tubes

Required resistance (ohms) =

Thus, if a receiver having one 6SA7, one 6SK7, one 6SF7, one 25L6-GT, and one
25Z6-GT is to be operated from a 117-volt power line, the series resistor is equal to
117 volts (the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 2 X 26
volts) divided by 0.3 ampere (current rating of these tubes), i.e., approximately
160 ohms. The wattage dissipation in the resistor will be 117 volts minus 68.9 volts
times 0.3 ampere, or approximately 14.4 watts. A resistor having a wattage rating
in excess of this value should be chosen.

When the series-heater connection is used in ac/de receivers, it is usually
advisable to arrange the heaters in the circuit so that the tubes most sensitive to
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of ac voltage between the heaters and cathodes of these
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion, by tube function, from chassis to the rectifier-cathode side of the ac line is
shown in Fig. 67.

FIRST RF VOLTAGE
AUDIO CON- POWER RECTI-
1 AF - M AND IF [ — [—{ OROPPING
DETECTOR AMPLIFLER VERTER STAGES AMPLIFIER FIER RESISTOR
- | T
h ACOR DC
Fig. 67

AC filament or heater operation should be considered on the basis of either a
parallel or a series arrangement of filaments and/or heaters. In the case of the
parallel arrangement, a step-down transformer is employed. Precautions should
be taken to see that the line voltage is the same as that for which the primary of
the transformer is designed. The line voltage may be determined by measurement
with an ac voltmeter (0-150 volts).

If the line voltage measures in excess of that for which the transformer is
designed, a resistor should be placed in series with the primary to reduce the line
voltage to the rated value of the transformer primary. Unless this is done, the
excess input voltage will cause proportionally excessive voltage to be applied to
the tubes. Any electron tube may be damaged or made inoperative by excessive
operating voltages.
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If the line voltage is consistently below that for which the primary of the trans-
former is designed, it may be necessary to install a booster transformer between
the ac outlet and the transformer primary. Before such a transformer is installed,
the ac line fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switch which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.

In the case of the series arrangements of filaments and/or heaters, a voltage-
dropping resistance in series with the heaters and the supply line is usually required.
This resistance should be of such value that, for normal line voltage, tubes will
operate at their rated heater or filament current. The method for calculating the
resistor value is given above.

When the filaments of battery-type tubes are connected in series, the total
filament current is the sum of the current due to the filament supply and the plate
and grid-No.2 currents (cathode current) returning to B(-) through the tube
filaments. Consequently, in a series filament string it is necessary to add shunt
resistors across each filament section to bypass this cathode current in order to
maintain the filament voltage at its rated value.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from ac, should be con-
nected to the mid-tap on the heater supply winding, to the mid-tap of a 50-ohm
(approximate) resistor shunted across the winding, or to one end of the heater
supply winding depending on circuit requirements. If none of these methods is
used, it is important to keep the heater-cathode voltage within the ratings given
in the TUBE TYPES SECTION.

Hum from ac-operated heater tubes used in high-gain audio amplifiers may
frequently be reduced to a negligible value by employing a 15- to 40-volt bias be-
tween the heater and cathode elements of the tubes. The bias should be connected
so that the tube heater is positive with respect to its cathode. Such bias can be
obtained from the regular plate-supply rectifier of the amplifier.

If a large resistor is used between heater and cathode, it should be bypassed
by a suitable capacitor or objectionable hum may develop. The hum is due to
the fact that even a minute pulsating leakage current flowing between the heater
and cathode will develop a small voltage across any resistance in the circuit. This
hum voltage is amplified by succeeding stages.

PLATE VOLTAGE SUPPLY

The plate voltage for electron tubes is obtained from batteries, rectifiers,
direct-current power lines, and small local generators. The maximum plate-voltage
value for any tube type should not be exceeded if most satisfactory performance
is to be obtained. Plate voltage should not be applied to a tube unless the corre-
sponding recommended voltage is also supplied to the grid.

It is recommended that the primary circuit of the power transformer be fused
to protect the rectifier tube(s), the power transformer, filter capacitor, and chokes
in case a rectifier tube fails.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obtained from a fixed source such as a separate C-battery or a tap on the voltage
divider of the high-voltage de supply from the voltage drop across a resistor in the
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cathode circuit, or from the voltage drop across a resistor in the grid circuit. The
first method is called “fixed bias”; the second is called ‘“‘cathode bias’ or “self
bias”; the third is called “grid-resistor bias’” and is sometimes incorrectly referred
to in receiving-tube practice as “zero-bias operation.” In any case, the object
is to make the grid negative with respect to the cathode by the specified voltage.
When a C-battery is used, the negative terminal is connected to the grid return
and the positive terminal is connected to the negative filament socket terminal,
or to the cathode terminal if the tube is of the heater-cathode type. If the fila-
ment is supplied with alternating current, this connection is usually made to the
center-tap of a low resistance (20-50 ohms) shunted across the filament terminals.
This method reduces hum disturbances caused by the ac supply. If bias voltages
are obtained from the voltage divider of a high-voltage dc supply, the grid return
is connected to a more negative tap than the cathode.

The cathode-biasing method utilizes the 'voltage drop produced by the
cathode current flowing through a resistor connected between the cathode and the
negative terminal of the B-supply. (See Fig. 68.) The cathode current is, of course,
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Fig. 68

equal to the plate current in the case of a triode, or to the sum of the plate and
grid-No.2 currents in the case of a tetrode, pentode, or beam power tube. Because
the voltage drop along the resistance is increasingly negative with respect to the
cathode, the required negative grid-bias voltage can be obtained by connecting
the grid return to the negative end of the resistance.

The value of the resistance for cathode-biasing a single tube can be determined
from the following formula:

desired grid-bias voltage X 1000
rated cathode current in milliamperes

Resistance (ohms) =

Thus, the resistance required to produce 9 volts bias for a triode which operates
at 3 milliamperes plate current is 9 X 1000/3 = 3000 ohms. If the cathode current
of more than one tube passes through the resistor, or if the tube or tubes employ
more than three electrodes, the total current determines the size of the resistor.

Bypassing of the cathode-bias resistor depends on circuit-design requirements.
In rf circuits the cathode resistor usually is bypassed. In af circuits the use of an
unbypassed resistor will reduce distortion by introducing degeneration into the
circuit. However, the use of an unbypassed resistor decreases gain and power sensi-
tivity. When bypassing is used, it is important that the bypass capacitor be suffi-
ciently large to have negligible reactance at the lowest frequency to be amplified.
In the case of power-output tubes having high transconductance such as the beam
power tubes, it may be necessary to shunt the bias resistor with a small mica
capacitor (approximately 0.001.f) in order to prevent oscillations. The usual af
bypass may or may not be used, depending on whether or not degeneration is
desired. In tubes having high values of transconductance, such as the 6BAS,
6CB6, and 6ACT7, input capacitance and input conductance change appreciably
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with plate current. When such a tube having a separate suppressor connection is
used as an rf amplifier, these changes may be minimized by leaving a certain por-
tion of the cathode-bias resistor unbypassed. In order to minimize feedback when
this method is used, the external grid-No.1-to-plate (wiring) capacitances should
be kept to a minimum, the grid No.2 should be bypassed to ac ground, and the
grid No.3 should be connected to ac ground. The use of a cathode resistor to obtain
bias voltage is not recommended for amplifiers in which there is appreciable shift
of electrode currents with the application of a signal. In such amplifiers, a separate
fixed supply is recommended.

The grid-resistor biasing method is also a self-bias method because it
utilizes the voltage drop across the grid resistor produced by small amounts of
grid current flowing in the grid-cathode circuit. This current is due to (1) an
electromotive potential difference between the materials comprising the grid and
cathode and (2) grid rectification when the grid is driven positive. A large value
of resistance is required in order to limit this current to a very small value and
to avoid undesirable loading effects on the preceding stage. Examples of this
method of bias are given in circuits 17-1 and 17-4 in the CIRCUIT SECTION.
In both of these circuits, the audio amplifier type 1U5 or 12AV6 has a 10-megohm
resistor between the grid and the negative filament or cathode to furnish the
required bias which is usually less than 1 volt. This method of biasing is used
principally in the early voltage amplifier stages (usually employing high-mu
triodes) of audio amplifier circuits, where the tube dissipation will not be excessive
under zero-signal conditions.

A grid resistor is also used in many oscillator circuits for obtaining the required
bias. In these circuits, the grid voltage is relatively constant and its magnitude is
usually in the order of 5 volts or more. Consequently, the bias voltage is obtained
only through grid rectification. A relatively low value of resistor, 0.1 megohm or
less, is used. Oscillator circuits employing this method of bias are given in circuits
17-1 and 174 in the CIRCUIT SECTION.

Grid-bias variation for the rf and if amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown
in Figs. 69 and 70; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 71; or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fig. 53.
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In all cases it is important that the control be arranged so that at no time will the
bias be less thanthe recommended minimum grid-bias voltage for the particular tubes
used. This requirement can be met by providing a fixed stop on the potentiometer, by
connecting a fixed resistance in series with the variable resistance, or by connecting
a fixed cathode resistance in series with the variable resistance used for regulation.
Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
and modulation-distortion. A remote-cutoff type of tube should, therefore, be
used in the controlled stages.
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In most tubes employing a unipotential cathode, a positive grid current begins
to flow when the grid is slightly negative and increases rapidly as the grid is made
more positive, as shown in Fig. 72. The value of grid voltage at which positive grid
current starts to flow is generally referred to as contact potential. Contact potential
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is caused by the initial velocity of emission of electrons from the cathode and an
electrothermal effect due to the differences in temperature and in material compo-
sition of the grid and the cathode. The value of this voltage may be as high as 115
volts. If the operating bias of the tube is less than the contact potential, it is found
that two effects are present. Direct current flows in the grid circuit, and the dy-
namic input resistance of the tube may be relatively low. It is generally desirable
to supply the tube with a value of bias sufficiently high so that the tube is not
operating within the contact-potential region. When a tube must be operated
within this region, care should be taken to avoid undesirable effects in the grid
circuit due to grid current or low input resistance.

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen (grid No. 2) of screen-grid tubes may be
obtained from a tap on a voltage divider, from a potentiometer, or from a series
resistor connected to a high-voltage source, depending on the particular tube
type and its application. The screen voltage for tetrodes should be obtained
from a voltage divider or a potentiometer rather than through a series resistor
from a high-voltage source because of the characteristic screen-current varia-
tions of tetrodes. Fig. 73 shows a tetrode with its screen voltage obtained from
a potentiometer. When pentodes or beam power tubes are operated under condi-
tions where a large shift of plate and screen currents does not take place with the
application of the signal, the screen voltage may be obtained through a series
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resistor from a high-voltage source. This method of supply is possible because of
the high uniformity of the screen-current characteristic in pentodes and beam
power tubes. Because the screen voltage rises with increase in bias and resulting
decrease in screen current, the cutoff characteristic of a pentode is extended by this
method of supply. The method is sometimes used to increase the range of signals
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which can be handled by a pentode. When used in resistance-coupled amplifier
circuits employing pentodes in combination with the cathode-biasing method, it
minimizes the need for circuit adjustments. Fig. 74 shows a pentode with its screen
voltage supplied through a series resistor.

When power pentodes and beam power tubes are operated under conditions
such that there is a large change in plate and screen currents with the application
of signal, the series-resistor method of obtaining screen voltage should not be used.
A change in screen current appears as a change in the voltage drop across the series
resistor in the screen circuit; the result is a change in the power output and an
increase in distortion. The screen voltage should be obtained from a point in the
plate-voltage-supply filter system having the correct voltage, or from a separate
source.

It is important to note that the plate voltage of tetrodes, pentodes, and beam
power tubes should be applied before or simultaneously with the screen voltage.
Otherwise, with voltage on the screen only, the screen current may rise high enough
to cause excessive screen dissipation.

Screen-voltage variation for the rf amplifier stages has sometimes been used
for volume control in older-type receivers. Reduced screen voltage lowers the
transconductance of the tube and results in reduced gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. (See Fig. 73.) When the screen voltage is varied, it must never exceed the
rating of the tube. This requirement can be met by providing a fixed stop on
the potentiometer.

SHIELDING

In high-frequency stages having high gain, the output circuit of each stage
must be shielded from the input circuit of that stage. Each high-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a desirable practice to
shield separately each unit of the high-frequency stages. For instance, in a super-
heterodyne receiver, each if and rf coil may be mounted in a separate shield can.
Baffle plates may be mounted on the ganged tuning capacitor to shield each section
of the capacitor from the other sections. The oscillator coil may be especially well
shielded by being mounted under the chassis. The shielding precautions required
in a receiver depend on the design of the receiver and the layout of the parts. In all
receivers having high-gain high-frequency stages, it is necessary to shield sepa-
rately each tube in high-frequency stages. When metal tubes, and in particular
the single-ended types, are used, complete shielding of each tube is provided by
the metal shell which is grounded through its grounding pin at the socket ter-
minal. The grounding connection should be short and sturdy. Many modern tubes
of glass construction have internal shields, usually connected to the cathode; where
present, these shields are indicated in the socket diagram.

DRESS OF CIRCUIT LEADS

At high frequencies such as gre encountered in FM and television receivers,
lead dress, that is, the location and arrangement of the leads used for connections
in the receiver, is very important. Because even a short lead provides a large im-
pedance at high frequencies, it is necessary to keep all high-frequency leads as
short as possible. This precaution is especially important for ground connections
and for all connections to bypass capacitors and hf filter capacitors. The ground
eonnections of plate and screen bypass capacitors of each tube should be kept
short and made directly.to cathode ground.

Particular care should be taken with the lead dress of the input and output
circuits of hf stages so that the possibility of stray coupling is minimized. Un-
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shielded leads connected to shielded components should be dressed close to the
chassis. As the frequency increases, the need for paying careful attention to lead
dress becomes increasingly important.

In high-gain audio amplifiers, these same precautions should be taken to
minimize the possibility of self-oscillation.

FILTERS

Feedback effects also are caused in radio receivers by coupling between stages
through common voltage-supply circuits. Filters find an important use in minimiz-
ing such effects. They should be placed in voltage-supply leads to each tube in
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order to return the signal current through a low-impedance path direct to the tube
cathode rather than by way of the voltage-supply circuit. Fig. 75 illustrates
several forms of filter circuits. Capacitor C forms the low-impedance path, while
the choke or resistor assists in diverting the signal through the capacitor by offering
a high impedance to the power-supply circuit.

The choice between a resistor and a choke depends chiefly upon the permissible
dc voltage drop through the filter. In circuits where the current is small (a few
milliamperes), resistors are practical; where the current is large or regulation im-
portant, chokes are more suitable.

The minimum practical size of the capacitors may be estimated in most cases
by the following rule: The impedance of the capacitor at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality capacitors. Mica or ceramic capacitors are prefer-
able. Where stage shields are employed, filters should be placed within the shield.
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Another important application of filters is to smooth the output of a rectifier
tube. See Rectification. A smoothing filter usually consists of capacitors and iron-
core chokes. In any filter-design problem, the load impedance must be considered
as an integral part of the filter because the load is an important factor in filter
performance. Smoothing effect is obtained from the chokes because they are in
series with the load and offer a high impedance to the ripple voltage. Smoothing
effect is obtained from the capacitors because they are in parallel with the load
and store energy on the voltage peaks; this energy is released on the voltage dips
and serves to maintain the voltage at the load substantially constant. Smoothing
filters are classified as choke-input or capacitor-input according to whether a choke
or capacitor is placed next to the rectifier tube. See Fig. 76.
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The CIRCUIT SECTION gives a number of examples of rectifier circuits with
recommended filter constants.

If an input capacitor is used, consideration must be given to the instantaneous
peak value of the ac input voltage. This peak value is about 1.4 times the rms
value as measured by an ac voltmeter. Filter capacitors, therefore, especially the
input capacitor, should have a rating high enough to withstand the instantaneous
peak value if breakdown is to be avoided. When the input-choke method is used,
the available dc output voltage will be somewhat lower than with the input-
capacitor method for a given ac plate voltage. However, improved regulation
together with lower peak current will be obtained.

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of
local interference in radio receivers through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by
the formation of a steep wave front when plate current within the tube begins to
flow on the positive half of each cycle of the ac supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
is to insert an rf choke having an inductance of one millihenry or more between
each plate and transformer winding and to connect high-voltage, rf bypass capaci-
tors between the outside ends of the transformer winding and the center tap.
(See Fig. 77.) The rf chokes should be placed within the shielding of the tube. The
rf bypass capacitors should have a voltage rating high enough to withstand the
peak voltage of each half of the secondary, which is approximately 1.4 times the
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rms value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit rf disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier ex-
tremely short. In general, the particular method of interference elimination must
be selected by experiment for each installation.

OUTPUT-COUPLING DEVICES

An output-coupling device is used in the plate circuit of a power output tube
to keep the comparatively high de plate current from the winding of an electro-
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magnetic speaker and, also, to transfer power efficiently from the output stage.to a
loudspeaker of either the electromagnetic or dynamic type.
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Output-coupling devices are of two types, (1) choke-capacitor and (2) transformer.
The choke-capacitor type includes an iron-core choke having an inductance of not
less than 10 henries which is placed in series with the plate and B-supply. The choke
offers a very low resistance to the de plate current component of the signal voltage
but opposes the flow of the fluctuating component. A bypass capacitor of 2 to 6
microfarads supplies a path to the speaker winding for the signal voltage. The
choke-coil output-coupling device, however, is now only of historical interest. The
transformer type is constructed with two separate windings, a primary and a
secondary wound on an iron core. This construction permits designing each winding
to meet the requirements of its position in the circuit. Typical arrangements of each
type of coupling device are shown in Fig. 78. Examples of transformers for push-
pull stages are shown in several of the circuits given in the CIRCUIT SECTION.

HIGH-VOLTAGE CONSIDERATIONS FOR KINESCOPES

Like other high-voltage devices, kinescopes require that certain precautions
be observed to minimize the possibility of failure caused by humidity, dust, and
corona.

Humidity Considerations. When humidity is high, a continuous film
of moisture may form on the glass bulb immediately surrounding the ultor cavity
cap of all-glass kinescopes or on the glass part of the cone of metal kinescopes.
This film may permit sparking to take place over the glass surface to the external
conductive coating or to the metal cone. Such sparking may introduce noise into
the receiver. To prevent such a possibility, the uncoated bulb surface around the
cap and the glass part of the cone of metal kinescopes should be kept clean and dry.

Dust Considerations. The accumulation of dust on the uncoated area of the
bulb around the ultor cap of all-glass kinescopes or on the glass part of the cone
or insulating supports for metal kinescopes will decrease the insulating qualities
of these parts. The dust usually consists of fibrous materials and may contain
soluble salts. The fibers absorb and retain moisture; the soluble salts provide
electrical leakage paths that increase in conductivity as the humidity increases.
The resulting high leakage currents may overload the high-voltage power supply.
It is recommended, therefore, that the uncoated bulb surface of all-glass kinescopes
and the coated glass surface and insulating supports for metal kinescopes be kept
clean and free from dust or other contamination such as finger-prints. The coated
glass surface of the metal kinescopes may be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean water, and immediately dried.

Corona Considerations. A high-voltage system may be subject to corona,
especially when the humidity is high, unless suitable precautions are taken. Corona,
which is an electrical discharge appearing on the surface of a conductor when the
voltage gradient exceeds the breakdown value of air, causes deterioration of organic
insulating materials through formation of ozone, and induces arc-over at points
and sharp edges. Sharp points or other irregularities on any part of the high-voltage
system may increase the possibility of corona and should be avoided. In the metal-
cone kinescopes, the metal lip at the maximum diameter has rounded edges to
prevent corona. Adequate spacing between the lip and any grounded element in
the receiver, or between the small end of the metal cone and any grounded element,
should be provided to preclude the possibility of corona. Such spacing should not
be less than 1 inch of air. Similarly, an air space of 1 inch, or equivalent, should be
provided around the body of the metal cone. As a further precaution to prevent
corona, the deflecting-yoke surface on the end adjacent to the cone should present
a smooth electrical surface with respect to the small end of the metal cone or the
ultor terminal of all-glass tubes.
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KINESCOPE SAFETY CONSIDERATIONS

Tube Handling. Breakage of kinescopes, which contain a high vacuum, may
result in injury from flying glass. Do not strike or scratch the tube or subject it
to more than moderate pressure when installing it in or removing it from electronic
equipment.

High-Voltage Precautions. In the use of kinescopes, it should always be re-
membered that high voltages may appear at normally low-potential points in the
circuit because of capacitor breakdown or incorrect circuit connections. There-
fore, before any part of the circuit is touched the power-supply switch should be
turned off, the power plug disconnected, and both terminals of any capacitors
grounded.

X-Ray Radiation Precautions. All types of picture tubes may be operated at
voltages (if ratings permit) up to 16 kilovolts without producing harmful x-ray
radiation and without danger of personal injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray shielding precautions may be necessary.
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Interpretation of Tube Data

The tube data given in the following TUBE TYPES SECTION include
ratings, typical operation values, characteristics, and characteristic curves.

The values for grid-bias voltages, electrode voltages, and electrode supply
voltages are given with reference to a specified datum point as follows: For types
having filaments heated with dc, the negative filament terminal is taken as the
datum point to which other electrode voltages are referred. For types having
filaments heated with ac, the mid-point (i.e., the center tap on the filament-trans-
former secondary, or the mid-point on a resistor shunting the filament) is taken as
the datum point. For types having unipotential cathodes indirectly heated the
cathode is taken as the datum point.

Electrode voltage and current ratings are in general self-explanatory, but a
_ brief explanation of other ratings will aid in the understanding and interpretation
of tube data.

Plate dissipation is the power dissipated in the form of heat by the plate as
aresult of electron bombardment. It is the difference between the power supplied
to the plate of the tube and the power delivered by the tube to the load.

Grid-No. 2 (Screen) Input is the power applied to the grid-No. 2 electrode and
consists essentially of the power dissipated in the form of heat by grid No.2 asa
result of electron bombardment. With tetrodes and pentodes, the power dissipated
in the screen circuit is added to the power in the plate circuit to obtain the total

B-supply input power.

Peak heater-cathode voltage is the highest instantaneous value of voltage
that a tube can safely stand between its heater and cathode. This rating is applied
to tubes having a separate cathode terminal and used in applications where exces-
sive voltage may be introduced between heater and cathode.

Maximum peak inverse plate voltage is the highest instantaneous plate vol-
tage which the tube can withstand recurrently in the direction opposite to that in
which it is designed to pass current. For mercury-vapor tubes and gas-filled tubes,
it is the safe top value to prevent arc-back in the tube operating within the speci-
fied temperature range. Referring to Fig. 79, when plate A of a full-wave rectifier
tube is positive, current flows from A to C, but
not from B to C, because B is negative. At the
instant plate A is positive, the filament is positive
(at high voltage) with respect to plate B. The
voltage between the positive filament and the
negative plate B is in inverse relation to that
causing current flow. The peak value of this volt-
age is limited by the resistance and nature of the
path between plate B and filament. The maxi-
mum value of this voltage at which there 1s no
danger of breakdown of the tube is known as
maximum peak inverse voltage. The relations be-
tween peak inverse voltage, rms value of ac
input voltage, and de output voltage depend
largely on the individual characteristics of the
rectifier circuit and the power supply. The presence of line surges or any other
transient, or wave-form distortion, may raise the actual peak voltage to a value
higher than that calculated for sine-wave voltages. Therefore, the actual inverse
voltage, and not the calculated value, should be such as not to exceed the rated
maximum peak inverse voltage for the rectifier tube. A calibrated cathode-ray
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oscillograph or a peak-indicating electronic voltmeter is useful in determining the
actual peak inverse voltage. In single-phase, full-wave circuits with sine-wave in-
put and with no capacitor across the output, the peak inverse voltage on a rectifier
tube is approximately 1.4 times the rms value of the plate voltage applied to the
tube. In single-phase, half-wave circuits with sine-wave input and with capacitor
input to the filter, the peak inverse voltage may be as high as 2.8 times the rms
value of the applied plate voltage. In polyphase circuits, mathematical determina-
tion of peak inverse voltage requires the use of vectors.

Maximum dc output current is the highest average plate current which can
be handled continuously by a rectifier tube. Its value for any rectifier tube type is
based on the permissible plate dissipation of that type. Under operating conditions
involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a dc meter. Curves of average plate characteristics for
several half-wave vacuum rectifiers are given in Figs. 80 and 81. These curves are
shown solid up to the maximum average or dec plate-current rating of each type.
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Maximum peak plate current is the highest instantaneous plate current that
a tube can safely carry recurrently in the direction of normal current flow. The safe
value of this peak current in hot-cathode types of rectifier tubes is a function of the
electron emission available and the duration of the pulsating current flow from the
rectifier tube in each half-cycle.

The value of peak plate current in a given rectifier circuit is largely deter-
mined by filter constants. If a large choke is used at the filter input, the peak
plate current is not much greater than the load current; but if a large capacitor is
used at the filter input, the peak current may be many times the load current. In
order to determine accurately the peak plate current in any rectifier circuit, meas-
ure it with a peak-indicating meter or use an oscillograph.

Typical Operation Values. Values for typical operation are given for many
types in the TUBE TYPES SECTION. These typical operating values are given
to show concisely some guiding information for the use of each type. These values
should not be confused with ratings, because a tube can be used under any suitable
conditions within its maximum ratings, according to the application.

The power output value for any operating condition is an approximate tube
output—that is, plate input minus plate loss. Circuit losses must be subtracted
from tube output in order to determine the useful output.

Characteristics are covered in the ELECTRON TUBE CHARACTERIS-
TICS SECTION and such data should be interpreted in accordance with the
definitions given in that section. Characteristic curves represent the character-
istics of an average tube. Individual tubes, like any manufactured product, may
have characteristics that range above or below the values given in the character-
istic curves.

Although some curves are extended well beyond the maximum ratings of the
tube, this extension has been made only for convenience in calculations. Do NOT
operate a tube outside of its maximum ratings.

. Interelectrode capacitancesare direct capacitances measured between specified
eldments or groups of elements in electron tubes. Unless otherwise indicated in the
data, all capacitances are measured with filament or heater cold, with no direct
voltages present, and with no external shields. All electrodes other than those
between which capacitance is being measured are grounded. In twin or multi-unit
types, inactive units are also grounded.

The capacitance between the input electrode and all other electrodes, except
the output electrode, connected together is commonly known as the input capaci-
tance. The capacitance between the output electrode and all other electrodes,
except the input electrode, connected together is known as the output capacitance.

Ratings for receiving-type tubes are given according to the ‘“‘design-center”
system, which was adopted by the industry in 1939, and should be interpreted
as follows:

1. CATHODE —The heater or filament voltage is given as a normal value unless
otherwise stated. This means that transformers or resistances in the heater or
filament circuit should be designed to operate the heater or filament at rated value
for full-load operating conditions under average supply-voltage conditions. A
reasonable amount of leeway is incorporated in the cathode design so that moder-
ate fluctuations of heater or filament voltage downward will not cause marked
falling off in response; also moderate voltage fluctuations upward will not reduce
the life of the cathode to an unsatisfactory degree.

A, 1.4-Volt Battery Tube Types— The filament power supply may be obtained
from dry-cell batteries, from storage batteries, or from a power line. With dry-cell
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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 filaments of similar
tubes 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. With
power-line or storage-battery supply, the filament may be operated in series with
the filaments of similar tubes. For such operation, design adjustments should be
made so that, with tubes of rated characteristics, operating with all electrode volt-
ages applied and on a normal line voltage of 117 volts or 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 main-
tained within a range of 1.25 to 1.4 volts with a nominal center of 1.3 volts. In
order to meet the recommended conditions for operating filaments in series from
dry-battery, storage-battery, or power-line sources it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament.

B. 2.0-Volt Battery Tube Types—The 2.0-volt line of tubes is designed to be
operated with 2.0 volts across the filament. In all cases the operating voltage range
should be maintained within the limits of 1.8 volts to 2.2 volts.

2. POSITIVE POTENTIAL ELECTRODES—The power sources for the
operation of radio equipment are subject to variations in their terminal potential.
Consequently, the maximum ratings shown on the tube-type data sheets have
been established for certain Design Center Voltages which experience has shown
to be representative. The Design Center Voltages to be used for the various power
supplies together with other rating considerations are as given below:

A. AC or DC Power Line Service in U.S.A. The design center voltage for this
type of power supply is 117 volts. The maximum ratings of plate voltages, screen-
supply voltages, dissipations, and rectifier output currents are design maximums
and should not be exceeded in equipment operated at a line voltage of 117 volts.

B. Storage-Battery Service—When storage-battery equipment is operated
without a charger, it should be designed so that the published maximum values of
plate voltages, screen-supply voltages, dissipations, and rectifier output currents
are never exceeded for a terminal potential at the battery source of 2.0 volts per
cell. When storage-battery equipment is operated with a charger, it should be de-
signed so that 909, of the same maximum values is never exceeded for a terminal
potential at the battery source of 2.2 volts.

C. “B”.Battery Service—The design center voltage for ‘“B’’ batteries is the
normal voltage rating of the battery block, such as 45 volts, 90 volts, etc. Equip-~
ment should be designed so that under no condition of battery voltage will the plate
voltages, the screen-supply voltages, or dissipations ever exceed the recommended
respective maximum values shown in the data for each tube type by more than 10%.

D. Other Considerations—

a. Class A1 Amplifiers—The maximum plate dissipation occurs at the ‘‘Zero-
Signal’’ condition. The maximum screen dissipation usually occurs at the condition
where the peak-input signal voltage is equal to the bias voltage.

b. Class B Amplifiers—The maximum plate dissipation theoretically occurs
at approximately 639, of the ‘‘ Maximum-Signal’’ condition, but practically may
occur at any signal voltage value.

c. Converters—The maximum plate dissipation occurs at the “Zero—Signal”
condition and the frequency at which the oscillator—developed bias is a minimum.
The screen dissipation for any reasonable variation in signal voltage must never
exceed the rated value by more than 109,.

d. Screen Ratings—When the screen voltage is supplied through a series
voltage-dropping resistor, the maximum screen voltage rating may be exceeded,
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provided the maximum screen dissipation rating is not exceeded at any signal con-
dition, and the maximum screen voltage rating is not exceeded at the maximum-
signal condition. Provided these conditions are fulfilled, the screen-supply voltage
may be as high as, but not above, the maximum plate voltage rating.

For certain voltage amplifier types, as listed in the data section, the maximum
permissible screen (grid-No.2) input varies with the screen voltage, as shown in
Fig. 82. Full rated screen input is permissible at screen voltages up to 50 per cent
of the maximum rated screen supply voltage. As the voltage is increased from 50
per cent to 100 per cent of the maximum rated supply voltage, the decrease in
permissible screen input follows a curve of the parabolic form. This rating chart
is useful for applications utilizing either a fixed screen voltage or a series screen
dropping resistor. When a fixed voltage is used, it is necessary only to determine
that the screen input is within the boundary of the chart at the screen voltage to
be used. When a dropping resistor is used, the value of the resistor must be large
enough to maintain the screen input within the boundary of the chart. The mini-
mum value of the series screen-voltage dropping resistor is given by the factor
Eoes’ /4 Pgo,where Ee, is the selected screen supply voltage and Pg. is the maximum
screen input rating for the type.

GRID Ne2 INPUT RATING CURVE

— -
THIS CURVE ALSO APPLIES TO TYPES

IN WHICH GRIDS N22 & N® 4 ARE
r—CONNECTED TOGETHER WlTHlN THE TUBE
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1.
2,

3.

4,

5.

6.

Tube-Part Materials
in Typical RCA Electron Tube

ENVELOPE—Lime glass
SPACER—Mica sprayed with mag-
nesium oxide

PLATE—Carbonized nickel or nickel-
plated steel

GRID WIRES—Manganese-nickel or
molybdenum

GRID SIDE-RODS—Chrome copper,
nickel, or nickel-plated iron
CATHODE—Nickel coated with bar-
ium-calcium-strontium carbonates

. HEATER—Tungsten or tungsten-mo-

lybdenum alloy with insulating coat-
ing of alundum

8. CATHODE TAB—Nickel

9. MOUNT SUPPORT—Nickel or nick-
el-plated iron

10. GETTER SUPPORT AND LOOP—

Nickel or nickel-plated iron

11. GETTER—Barium-magnesium alloys
12. HEATER CONNECTOR—Nickel or

nickel-plated iron

13. STEM LEAD-IN WIRES—Nickel,

dumet, copper

14. PRESSED STEM—Lead glass
15. BASE—Bakelite
16. BASE PINS—Nickel-plated brass



RCA Receiving Tube Classification Chart

RCA receiving tubes are classified in the following chart according to fune-
tion and filament or heater voltage. Types having similar electrical characteristics
are grouped in brackets. For more complete data on these types, refer to the TUBE
TYPES SECTION. When choosing a tube type, refer to information on Preferred
Types and the listing of Types Not Recommended for New Equipment Design on the
inside back cover. For information on kinescopes, refer to the RCA KINESCOPE
CHARACTERISTICS CHART on pages 246 and 247.

’ Filament or Heater Viofts 1.95—1.4 20-50 63—117.0
Sube Minia« .
minicture | ture Other Octol Other | Miniature Octal Other
RECTIFIERS (For rectifiers with amplifier units, sse POWER AMPLIFIERS).
’ : 6AX4.CT 6W4.GT
Holk Peck laverss 3W4 l%AXl»GT BVAGT, v
Wave | recom | Bolow 1500 iz SUCT SBCT) | 3594 3523
vz -
Above 1500 (X8 1B3GT 3a3 | 3A2 SAUACT
5Y1G, 524 | 5AZ (64 |65, 6X5.G1)
Peak Invere YAGT, 5Y4G |80 ﬁ 53 mxs!c'r V4
olts: 774
vacuom | Below 1500 Gvac. swaGT| 834) 84/624
, 5
Foll Above 1500 e szs]
“Wave
reury-
Mene | Above 1500 8
Cold-Cathode
gas Below 1500 Types
024, 024.G
Peak lnvene (2526, 526.GT | 2525)
Douvbler vacuum Volis: . [g;?_‘g;) 0X6
Below 1500 11726-GT

" DIODE DETECTORS (For diode detectors with amplifier units, soe YOLTAGE AMPLIFIERS and olso POWER AMPLIFIERS).

One Diode 1A3

. N 6ALS §H6, 6H6.GT)
Two Diodes 12ALS ( 12H6 ) A6
Three Diodes 6BC7
POWER AMPLIFIERS with and without Reclificrs, Diods Defoctor, and Voltage Amplifien.
) low-mu single unit % “_i 684G
Tdodea | iohemy | single unit BC4 6ACS.GT
twin unit 6AQI-GT.(6NT, 6N7.GT)
6AUS.GT 6BG6G [ 6L6
6ASS 5
6BQ6CT 6CD6G u.u:]
0567 B3 BV6 6VeGT) SAVSG 7G5 MO
single unit . %5 V6-GT 6Y6.G 25L6)
YL 12405 o i9BCeC, 6WeGT WLeCT)| B3
Beom SLFe (3583, 35C3) ()2BC-C, OECT
Tubes 5085, 50C3) [50166T  ~ BLEGT
(l|7L7/M7.cT)
with rectifier 17P7.6T
0L7.GT IINIGT
[lso] TASGT 6CL6| 6AGT 785 7ADT
single vnif 354y | IGLT (oAKé] 6G6C) (6F6. 6F6., 6F6.GT (43}
ingle vni 1ACS [;84:] 1LB4 4 6AR5) (6X6GT|4D)
Pentodes t) 25A[43)
with medium-my tiiode 6ADZ.G
with dicde and friode 1D8GT
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I 6BY6 I

Filament or Heater Volts 1.95—1.4 2050 6.3—117.0
Sob. [ Minia. I
miniotwre | ture | Other | Octof | Other Miniatere Octol Other
CONVERTERS & MIXERS (For other types vsed os Mixers, see YOLTAGE AMPLIFIERS).
(a;u 6SA7 (6A8, 6AS.C ]
6SA7.GT) 6ASGT 16A7
s | 1A7.GT - 788 1488
pentagiid tE8 IRS | ILAS 128E6 | 12547 1') 707 14Q7
ILCS 125A7.
| Bwaa 65B7.
6X8
Conrater | iode-pentode (ous &
triode-hexode 6K8, 12K8
triode-heptode 6]8C (21
octode TA8
Mixers pentagiid L7
ELECTRON-RAY TUBES
AL
with remote-cutol hiode 6AB5/6N5 6US
Single
with sharp-cutoff triode 6E3
Twin without triode 6AF6-G
Triple without friode 6ALTGT
VOLTAGE AMPLIFIERS wihth and withovt Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILLATORS :
6AF4 (6C5, 6C5.GT)
single vnit ILE3 n 6C4 654 (6]5 ojscn |st41' A4
with
pentode oF7
with power
pentode 6ADI.G
medivm-mv | with :
pentods ID3GT
and diode|
with two £ Rz
i 6BF6 | 6SR7_65T7,
diodes 12BF6 1 ]
Tiodes [fBRT-A) 6)6 12AU7* |GFS-G, 6SNI.GT, 6SN7—GT%) TAFT T4AF7
twin unit SBOT-A | 10J6 12AV2Y IF8  14F8
2BH74 | 6BLY.GT 15N7-GT_| 7N7
(6F5, 6F5-CT),
single vnit 6AB4 F5. 65F5.GT) 784
125F5
with diode T
f . 12ATé6 {6ATS 7BS  14B6
highmy ) with two e | ¥ ez 6 75
iodes 12AV6 (6AV6 | 6507, 65Q7.GT) 675Q7-GT K1 X1
with three
s 6T8 19T8 658GT
- 12AT74 65C1, 125C7 T I4F7
twin unit 12AX74 6SLZ.GT 125L7.GT
Tevodes | sham-evtol %A '
6BJ6 (6BD6 [ 65K7. 63K7.-GT) (6K7, 6K7.G 73] 7A7 MAT
ingle vnit ( D6 IZSK 125K7.G 6K7.CT 6D6
single vni iT4 | ILGS 6AB7 ~ 12K7.GT | 7H7 1417
(oA nsm 6557 67  |7AH7 7B7
temota-culof} ik iode 6F7
with diode 6SF7 125F7
with two 12C8 €7
Pentodes : diodes 688 TR 14R7
semiremote: | single unit 6DC6
6AGS 6AKS [esn 12857 6ACT1TAGT  7G7
6BC5_6CB6 $SJ7.GT, (AT e f [
ingle unit e | ics 6CF6 BN
e 1ADS )1 "'5'-‘CST A ?mf 65H7) 637, 6J1.GT | 6C6
124 6 .,
shatp-cotoff 12BY74 0 2AU6 | 125H7) ( Wi 77) ™!
with ttiode 6ANS
with diode 1Té 155 1U5] ILDS 6AS8
GATED AMPLIFIERS
Pentagrid Amplifier

SHUNT VOLTAGE REGULATORS

Beam Tricde

||

6BD4-A

* Filament arranged for either 1.4 or 2.8-volt operation. # Heater aranged for eithes 6.3 or 12.6-volt operation.
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1—Glass Envelope
2__Internal Shield

3—Plate

4 _—_Grid No. 3 (Suppressor)
5—_Grid No. 2 (Screen)
6—Grid No. 1 {Control Grid)
7 —Cathode

8 —Heater

9 —Exhaust Tip
10—Getter

11 —Spacer Shield Header

12 —Insulating Spacer

13—Spacer Shield

14 —Inter-Pin Shield

15 —Glass Button-Stem Seal
16—Llead Wire

17 —Base Pin

18 — Glass-to-Metal Seal

3% times actval size

Structure of a Miniature Tube
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RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers. It includes data on current types, as
well as mformatlon on those RCA discontinued types in which there may stlll be
some interest as to characteristics.

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the
latest RCA Preferred Types List and for a listing of RCA Tube Types Not Rec-
ommended for New Equipment Design.

Tube types are listed in this section according to the numerical-alphabetical
sequence of their type designations. For Key to Socket Connection Diagrams, see
inside front cover.

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as detector or

P G amplifier. Outline 38, OUTLINES SECTION.

Operating conditions as grid-resistor detector

are: plate volts, 45 maz; grid resistor, 2 to 3 meg-

ohms; grid capacitor, 250 uuf; grid return to
(+) filament. As biased detector, type 01-A has 0] "A

* plate volts of 185 max; bias of approximately

o o -13.5 volts. As amplifier, it has plate volts of

F F 136 max; bias of -9 volts. Filament volts, 5;

amperes, 0.25. This is a DISCONTINUED

type listed for reference only.

£ HALF-WAVE GAS RECTIFIER

Metal type used primarily in vibrator-type
B-supply units of automobile receivers. Utilizes
a starter electrode and an ionically heated cath-
ode. Starter anode permits operation of OY4 di-~ °Y4
rectly from 117-volt ac line. Outline 8, OUT-
LINES SECTION. Tube requires octal socket.
° Pins 7 and 8 must be tied together at socket.
S K RF filter circuits placed close to socket terminals
are required to reduce rectifier noise. Ratings as
half-wave rectifier with capacitor-input filter: peak inverse anode volts, 300 mazx; peak anode ma., 500
maz; dc output ma., 76 max, 40 min; series anode resistance (117-volt line operation), 50 min ohms;
tube voltage drop (approx.), 12 volts; minimum ac starting voltage when starter anode is connected to
anode through a 10-megohm resistor bypassed with a 0.002-uf capacitor, 100 volts rms. This is a
DISCONTINUED type listed for reference only.

STARTER

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type 0Z4-G
are used in vibrator-type B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position. oz 4
OZ4 Outline 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum overall length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
bulb; dwarf-shell octal 56-pin base. Base of OZ4-G
OZ4-G has no pin No. 2. Shell of OZ4 and ex-
ternal shield of OZ4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise.
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FULL-WAVE RECTIFIER

PEAK STARTING SUPPLY VOLTAGE PER PLATE. . ............... [ 800 min  volts
PEAK PLATE-TO-PLATE VOLTAGE. . ......cocivirinnernaneas PR 1000 maz volts
PEAK PLATE CURRENT PER PLATE. . . . ...c0ivvuvecnrivnnnssanns cese 200 maz ma

DC OuTpUT CURRENT
DC OUTPUT VOLTAGE. ..

{ 76 mazx ma
30 min ma
300 maz volts

AVERAGE DyYNamic TUBE VOLTAGE DRroP . 24 volts

1A3

Maximum Ratings:

HF DIODE

Miniature type used as detector tube in
portable FM receivers and in portable high-
frequency measuring equipment. Outline 13,
OUTLINES SECTION. Tube requires minia-
ture seven-contact socket. Heater volts (ac/dc),
1.4; amperes, 0.15.

HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. .............. N 330 max volts
PEAK PLATE CURRENT . « o0t tinteveneerneeannseenansasaans Cerenee 5 maz ma
DC OUTPUT CURRENT. . ..ot viviiinnnnceaninnnns teieesecinesenne 0.5 maz ma
PEAX HEATER-CATHODE VOLTAGE. . . ..0otvrnrrnnnnneennn PN 140 max  volts
Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) 117 volts

Filter-Input Capacitor
Minimum Total Effective Plate-Supply Impedance. .

1A4-P

1A5-GT

1A6

.............................. 2 uf
0 ohms
REMOTE-CUTOFF PENTODE . (’ G2
Glass type used in battery-operated re- €% (3
ceivers as rf or if amplifier. For ratings and op~
erating data, refer to type 1D5-GP. Outline 36,
OUTLINES SECTION. Tube requires four-
contactgocket. Filament volts (dc), 2.0; amperes,
0.06. This is a DISCONTINUED type listed 0*0
for reference only. Fr -

POWER PENTODE

Glass octal type used in output stage of bat~
tery-operated receivers. Outline 23, OUTLINES
SECTION. This type may be supplied with pin
No.1 omitted. Tube requires octal socket and o o
may be mounted in any position. For filament P /
considerations, refer to 1U4. Filament volts
(dc), 1.4; amperes, 0.05. Typical operation as
class A amplifier: plate and grid-No.2 volts, 90
(110 maz); grid-No.1 volts, -4.5; peak af grid- "/ \o~/ A\ E~
No.l1 volts, 4.5; plate ma., 4.0; grid-No.2 ma., ° o 3
1.1; plate resistance (approx.), 0.3 megohm;
transconductance, 850 pmhos; load resistance,
25000 ohms; power cutput, 115 milliwatts, This
type is used principally for renewal purposes.

NG NG

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Type 1A6 is identical electrically with
type 1D7-G, except for interelectrode capaci-
tances. Outline 86, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(dc), 2.0; amperes, 0.06. This is a DISCON-
TINUED type listed for reference only.
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PENTAGRID CONVERTER

Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Outline 24, OUTLINES SEC- '| A7_G'|'
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4.

FILAMENT VOLTAGE (DC). .. [N eeeaes e 1.4 volts
FILAMENT CURRENT ............ e BN 0.05 ampere
. . CONVERTER SERVICE

Maximum Ratings:

PLATE VOLTAGE. . ... ..0iititiiiiiiininnnnoeceenenns .. 110 mezx volts
GRIDS-N0.3-AND-N 0.5 (SCREEN) VOLTAGE. . . 60 maz volts
GRIDS-N0.3-AND-N 0.5 SUPPLY VOLTAGE. .......c0uuus . N 110 maz volts
GRID-NO.2 (ANODE-GRID) VOLTAGE. . . . ...vavunsnacns ven eesesana 110 maz volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. . .ot eviuerasroscensvssnnee 4 max ma
Typical Operation:

Plate Voltage. . . .....coiiiiiiiiiiiinnniannnns 90 volts
Grids-No.3-and-No.5 Voltage*..... .. . 45 volts
Grid-No.2 Voltage ...........cieiivivnnns 90 volts
Grid-No.4 (Control-Grid) Voltage*®*. ... ............ov00s 0 volts
Grid-No.1 (Oscillator-Grid) Resistor. .. ......cciiiiiierinneeronnonns 0.2 megohm
Plate ReBISLANCE. . . . .. ... it iiinareasnecnosnrocasencsanonns 0.6 megohm
Conversion Transconductance. ...........coiiiiiniiriininnnnnnnnase 250 pmhos
Conversion Transconductance with grid-No.4 bias of -3 volts (Approx.). 20 pmhos
Plate Current. . .......ooiiviinvvrinniennnerens et ei et ieeaa 0.6 ma
Grids-No.3-and-No.5 Current . ... .. .oviiiinivnnnnnnnnnas N . 0.7 ma
Grid-No.2 Current. . . oo viriiiiinetriinerinnennonesonennes P 1.2 ma
Grid-No.1 Current. . .. .. ooiiiiniiit ittt iieeiensararatsanss 0.035 ma
Total Cathode Current, .. ........vivriiiierninireanrcrnsonoansons 2.6 ma

*Obtained preferably by using a bypassed 45000- to 75000-ohm voltage-dropping resistor in series with
the 90-volt supply.

** A resistance of at least 1.0 megohm should be in the grid return to negative filament pin.

POWER PENTODE

Subminiature type used in output
stage of small, compact, battery-oper-
ated receivers for the standalzi AM IACS
broadecast band. It is capable of moderate
power output with a very small input
voltage. The 1AC5 and the other RCA subminiature types 1AD5, 1E8, and 1T6
comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain.

FILAMENT VOLTAGE (DC) . 4 et vnenuuruarnensusoeroeroeesonsercenaneans 1.25 volts
FILAMENT CURRENT. . .ttt ttvtennnntnannenoaneeinasnconssnsnnssons 0.04 ampere
Maximum Ratings: CLASS A; AMPLIFIER

PLATE VOLTAGE. ...\ttt iiiniiiiiiaisataseaiesooessersararsananes 67.5 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . .ot vtvttrerunnseernsesnnnsonsnnscsnnae 67.5 mazx volts
TOTAL CATHODE CURRENT . . o it v tvvvnvrannnvronnnsossnas erreraaeaes 4.0 mazx ma
Typical Operation:

Plate Voltage. . .....c.ocviiinnrernnrenrnnns . 30 45 67.5 volts
Grid-No.2 Voltage. ............o0vvunnn teroes 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage ............. -2 -3 —4.5 volts
Peak AF Grid-No.1 Voltage. ................. 2 3 4.5 volts
Zero-Signal Plate Current.................... 0.5 1.0 2.0 ma
Zero-Signal Grid-No.2 Current. .......coivuune 0.1 0.2 0.4 ma
Plate Resistance............ . . 0.2 0.17 0.15 megohm
Transconductance. . e es 450 600 750 umhos
Load Resistance........... ciiisearersansess B0O00O 40000 25000 ohms
Total Harmonic Distortion...........ccvven.. 10 10 10 per cent
Maximum-Signal Power Qutput............... 5 15 50 mw
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INSTALLATION AND APPLICATION
Type 1AC5 requires a subminiature eight~contact socket and may be mounted
in any position. Do not attempt to solder the base pins to any circuit element be-
cause the heat of the soldering operation may crack the glass seal. Although the
base pins are sturdy, they can be bent. It is essential, therefore, that the pins he
straight before they are inserted into the socket. Insertion will be facilitated if pins
1 and 8 are first aligned with their respective socket holes and the tube then gently
pressed into the socket. Outline 8, QOUTLINES SECTION.

The filament of the 1AC5 may be connected directly across a dry-cell battery
rated at a terminal potential of 1.5 volts. In no case should the voltage across the
filament ever exceed 1.6 .volts. For additional filament considerations, refer to
ELECTRON TUBE INSTALLATION SECTION.

SHARP-CUTOFF PENTODE &

Subminiature type used as rf or if

'I AD 5 amplifier in stages not controlled by

avcinsmall,compact, battery-operated

receivers for the standard AM broad-

cast band. Because of internal shield-

ing feature, an external bulb shield is not needed, but socket shielding is essential

if minimum grid-No.1-to-plate capacitance is to be obtained. The 1AD5 and the

other RCA subminiature types 1AC5, 1E8, and 1T6 comprise a complete tube

complement for lightweight portable radio receivers having extremely low battery

drain. Outline 8, QUTLINES SECTION. Tube requires subminiature eight-con-

tact socket and may be mounted in any position. For installation and application
considerations, refer to type 1ACS.

NC 2

FILAMENT VOLTAGE (DC). . 4t e vvtenaneneuneessnsnensonnanennsasaeonnnns 1.26 volts
FILAMENT CURRENT. . .. .t iitittte s iiiine e tieneeearnnreaasanns 0.04 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Lto Plate. . ... ..ottt iiieereeinnrenannanaas 0.010 mazx upf

Grid No.l1 to Filament, Grid No.2, Grid No.3, and Internal Shieid...... 1.8 frm

Plate to Filament, Grid No.2, Grid No.8, and Internal Shield. ......... 2.8 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . ... i ittt ittt iininrneerinnetaassannsasan 67.5 maz volts
GRID-NO.2 (SCREEN) VOLTAGE. . . 4t vt eneerureeenaroncannsenonrasssnns 67.5 maz volts
TOTAL CATHODE CUBRENT. . .. vt tvuireanrsacnsssssvanssossanasssesse 4.0 mazx ma
Typical Operation:
Plate Voltage. .. ..........ciiiiiiininennans, 30 45 67.5 volts
Grid-No.2 Voltage. .................. .. 30 45 67.6 volts
Grid-No.1 (Control-Grid) Voltage . 0 0 0 volts
Plate Resistance (Approx.)..........ocvvven.. 0.7 0.7 0.7 megohm
Transconductance., . ..............oovivanannn 430 580 786 umhos
Grid-No.1 Bias (Approx.) for plate current of 10 za -3 —4 -6 volts
Plate Current. .. ...ciiiiiiiinerernerenennas 0.45 0.9 1.85 ma
Grid-No.2 Current. oo v oo veinnneernecnnanns 0.16 0.35 0.76 ma

HALF-WAVE VACUUM

RECTIFIER .
Glassoctaltypeused in high-voltage, &)
- low-current applications such as the
1B3-GT 160 2!

rectifier in a high-voltage, rf-operated I8
power supply or as a rectifier of high- ()" e)
voltage pulses produced in television IC ic

scanning systems. When used as an rf rectifier, one 1B3-GT in a half-wave circuit
is capable of delivering a maximum dc output voltage of about 15000 volts. In a
voltage-doubler circuit, two tubes will give about 30000 volts; and in a voltage-
tripler circuit, three 1B3-GT’s will deliver 45000 volts approximately. For curve
of average plate characteristics, see page 61.
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FILAMENT VOLTAGE (AC) 1.26 volts
FILAMENT CURRENT.............. 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (APProX.)......uociveveeevseraccconscnns tesersenns 1.5 ppl
Maximum Ratings: HALF-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGB. .....cvveeerirceeccsronsensosassannsnnne 380000 mazx volts
PEAK PLATE CURRENT. ... ...t tttvenonnrevnncsossosssoonssaonsonnsans 17 maz ma
AVERAGE PLATE CURBENT.......covtrrtieresroeasnsrvsoosoossecsansnsnes 2 maz ma
FREQUENCY OF SUPPLY VOLTAGE. .. ovvtvurrunrtiiernacesnsssosncsnasanns 800 max Ke

INSTALLATION AND APPLICATION

Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Internal connections are made to pins 1, 8, 5,
and 8. These pins may be connected to pin 7; otherwise they should not be used.
This typemay besupplied with pin No.1 omitted. Outline30, OUTLINESSECTION.

The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at de potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel. The filament transformer,
whether it is of the iron-core or the air-core type, must be sufficiently insulated.

When used in television receivers and other equipment operating at 16000
volts or above, the 1B3-GT will produce X-rays which can constitute a health
hazard unless the tube is adequately shielded.

G SHARP-CUTOFF PENTODE

G
e l' e Glass type used as rf amplifier or detector
in battery-operated receivers. Outline 36, OUT-
LINES SECTION. Tube requires four-contact
gsocket. For typical operating conditions and IB4_P
maximum ratings as a class Ai amplifier, refer
o*o to type 1E6-GP. Filament volts (dc), 2.0; am-
4 G3 peres, 0.06, Type 1B4-P is a DISCONTINUED
type listed for reference only.

TWIN DIODE—MEDIUM-MU TRIODE

Glass type used as combined detector, am-

G) o plifier, and avc tube in battery-operated re-

’ ‘ ceivers. Outline 31 or 34, OUTLINES SEC-

TION. Tube requires six-contact socket. Fila-

(561 ment volts (dc), 2.0; amperes, 0.06. Typical 185/255

operation as class A amplifier: plate volts, 185

‘ maz; grid volts, —3; plate ma., 0.8; plate resist-

(e) ance, 35000 ohms; amplification factor, 20;

- transconductance, 575 ymhos. This is a DIS-
CONTINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
24, OUTLINESSECTION. Filament volts (dc), 'I B7_G'l'
1.4; amperes, 0.1. This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7-GT,
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POWER PENTODE c c
2 {
Glass octal type used in output stage of o o
battery-operated receivers. Outline 23, OUT- ¢ ’
LINES SECTION. This type may be supplied o
ICS-GT with pin No.l omitted. Tube requires octal

socket and may be mounted in any position. e
For filament considerations, refer to 1U4. Fila- FH\=/~/\EF\ /P~
ment volts (dc), 1.4; amperes, 0.1. Typical oper- o o 3
ation as class A1 amplifier: plate and grid-No.2 NC NE

volts, 90 (110 max); grid-No.l volts, -7.5; peak
af grid-No.1 volts, 7.5; plate ma., 7.8; grid-No.2 ma., 8.5; plate resistance (approx.), 116000 ohms;
transconductance, 1550 umhos; load resistance, 8000 ohms; power output, 240 milliwatts. Type 1C5-GT
i8 used principally for renewal purposes.

PENTAGRID CONVERTER

Glass type used in battery-operated re-

ceivers. Similar electrically to type 1C7-G ex-

cept for interelectrode capacitances. Outline 36,

'I C6 OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,

0.12. For general discussion of pentagrid types,

refer to Frequency Conversion in ELECTRON

TUBE APPLICATIONS SECTION. This is a
DISCONTINUED type listed for reference

only,
PENTAGRID CONVERTER

Glass octal type used in battery-operated

receivers. Outline 35, OUTLINES SECTION.

Tube requires octal socket. Filament volts (de),

l c7..G 2.0; amperes, 0.12. Typical operation as conver-

ter: plate volts, 180 max; grids-No.3-and-No.5

(screen) volts, 67.5 max; grid-No.2 (anode

grid) supply volts, 180 (applied through 20000-

ohm dropping resistor bypassed by 0.01-uf

capacitor); grid-No.4 (control-grid) volts, —3;

grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.6 ma., 2; grid-Ne.2
ma., 4; grid-No.1 ma., 0.2. This is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE 2

NC
Glass octal type used in battery-operated o o
receivers as rf or if amplifier. Qutline 35, OUT- /7 O
LINES SECTION. Tube requires octal socket. o
1D5-GP Filament volts (d¢), 2.0; amperes, 0.06. Typical
operation as class A1 amplifier: plate volts, 180
maz; grid-No.2 (screen) volts, 67.56 max; grid- F+ £~
No.l1 volts, ~3 min; plate ma., 2.3; grid-No.2 v <
ma., 0.8; plate resistance (approx.), 1.0 megohm; 0 N c
transconductance, 750 umhos; transconductance
at bias of —15 volts, 15 umhos. This is a DIS-
CONTINUED type listed for reference only.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Qutline 35, OUT-
IDS-GT LINES SECTION. Filament volts (de¢), 2.0;
amperes, 0.06, This is a DISCONTINUED type
listed for reference only. It can be replaced by
type 1D5-GP,

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Filament voits (dc),
2.0; amperes, 0.06. Typical operation as conver-
'I D7_G ter: plate volts, grids-No.3-and-No.5 volts, grid-
No.2supply volts, grid-N¢.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.b ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This is a DISCON-
TINUED type listed for reference only.
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DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers. Diode unit is used as detector
or ave tube, triode as first audio amplifier, and
pentode as power output tube. Qutline 21, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. Maxi-
mum plate volts of triode as well as maximum
plate and grid-No.2 volts of pentode, 110. This
type is used principally for renewal purposes.

CLASS A; AMPLIFIER

Plate Voltage. . . .....coovrienreverracnccnssnsonanes 45 67.6
Grid-No.2 (Screen) Voltage....... e 45 67.6
Grid-No.1 (Control-Grid) Voltage...... P 4.6 -6
Plate Current........... [ eeereenens 1.6 3.8
Grid-No.2 Current........ eriessbeiianeees [ 0.3 0.8
Transconductance. . . edceesneaean .. . 650 876
Load Resistance.............. .o eeresenanaas 20000 16000
Total Harmonic Distortion. . ......cciieeiiiiaiaanns 10 10
Power Output...... feeectesrereserenrannsan 36 100
Typical Operation {Triode Unit):

Plate Voltage. . .......coonvneenn Cirereaseensreans . 45 67.6
Grid Voltage........ 0 o
Amplification Factor 26 25
Plate Resistance (APProX.). . .ce.veeraieariananacass 77000 56600
Transconductance. ........ rerteseeeasisaesiaanan 325 460
Plate Current ........ cievan ittt 0.3 0.6

[ NC
e G
o‘ ool
F+F-
OMO

NC NC

plate-current cutoff (approx.), —8. Thisis a DISCONTINUED type listed for reference only.

C1pz S1p,

hd

Py

F—
G3

SHARP-CUTOFF PENTODE

Glass octal type used as rf amplifier or de-
tector in battery-operated receivers. Outline 385,
OQUTLINES SECTION. Tube requires octal
socket. Filament volts (dc¢), 2.0; amperes, 0.06.
Typical operation as class A: amplifier: plate
volts, 180 max; grid-No.2 (screen) volts, 67.5
maz; grid-No.l volts, —3; plate ma., 1.7; grid-
No.2 ma., 0.6; plate resistance, 1.6 megohms;
transconductance, 650 pmhos; grid volts for

TWIN POWER PENTODE

Glass octal type used in push-pull output
stage of battery-operated receivers. Qutline 23,
OUTLINES SECTION. Tube requires octal

. socket. Filament volts (de¢), 2.0; amperes, 0.24.
Typical operation as push-pull class A; ampli-
fier: plate and grid-No.2 volts, 135 max; grid-
No.1 volts, —7.5; plate ma., 10.5; grid-No.2 ma.,
8.5; output watts, 0.575. The two units are used
in the same manner as two separate tubes in

1D8-GT

90
90
-9

1.0
926
12000

200

90

25
43500
576
1.1

volts
volts
volts

ma
pmhos
ohms
per cent

volts
volts

ohms
pmhos
ma

1E5-GP

1E7-GT

conventional push-pull audio-frequency amplifier circuits. This is a DISCONTINUED type listed

for reference only.

Ic G3

PENTAGRID CONVERTER

Subminiature type used in small,
compact, battery-operated receivers
for the standard AM broadcast band.
The 1E8 and the other RCA submini-
ature types 1AC5, 1AD5, and 1T6

1E8

comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain. Outline 8, OUTLINES SECTION. Tube
requires subminiature eight-contact socket and may be mounted in any position.
For general discussion of pentagrid types, see Frequency Conversion in ELEC-
TRON TUBE APPLICATIONS SECTION. For installation and application con-
siderations, refer to type 1ACS5.
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FILAMENT VOLTAGE (DC)....... [N eeenas . 1.25 volts
FILAMENT CUBRENT. . o e avivenevecrnannenann e eveteseeae. 0,04 ampere
DIRECT INTERELECTRODE CAPACITANCE'
Grid No.3 to All Other Electrodes (RF Input)........... [ oo 6.0 uuf
Plate to All Other Electrodes (Mixer Qutput).............c...covvenn. 5.0 upf
Grid No.1 to All Other Electrodes (Oscillator Input). . . 2.4 uul
Grid No3toPlate...........ocooiviivnnn... [N 0.4 max puf
Grid No.3to Grid No.1. .. ... ittt iannnnns 0.2 max upf

Maximum Ratings:

PLATE VOLTAGE. .t iutievneeeiernarnsianonssseisnensenss volts
GRIDS-No0.2 AND No.4 (SCREEN) VOLTAGE,. ¢ a0 0sevreresteoncnannns cees volts
GRIDS-N0.2 AND No0.4 SUPPLY VOLTAGE. .... e .. volts
TOTAL CATHODE CURRENT .+ v st vavrvroars e teaaas Cerrerearae . ma
Characteristics (Separate Excitation): #
Plate Voltage. .. ..oocieviierenniniseinninnns 30 45 67.6 volts
Grids-No.2 and No.4 Supply Voltage.......... 30 45 67.5 volts
Grids-No.2 and No.4 Resistor................. 10000 15000 20000 ohms
Grid-No.8 (Control-Grid) Voltage...... cerenen 0 (] (] volts
Grid-No.1 (Oscillator-Grid) Resistor. . .... e 0.1 0.1 0.1 megohm
Plate Resistance (Approx.)............... P 0.3 0.4 0.4 megohm
Conversion Transconductance. ............... 115 140 150 pmhos
Grid-No.3 Voltage for Conversion Transconduct—

ance of 5 umhos (Approx.).......... R . -7 -8 -9 volts
Plate Current................. SN . 0.3 0.6 1.6 ma
Grids-No.2 and No.4 Current. ........... PN 0.8 1.1 1.5 ma
Grid-No.1 Current................. 30 50 70 ua
Total Cathode Current.............. et . 1.1 1.7 2.5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 730 umhos under the following conditions: signal applied to grid No.1 at
zero bias; grids No.2 and No.4 and plate at 30 volts; and grid-No.3 grounded. Under the same condi-
tions, the total cathode current is 3 milliamperes and the amplification factor is 3.9.

#The characteristics shown under separate excitation approximate those obtained in a self-excited
oscillator operating with zero bias.

POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 88, OUTLINES
]F4 SECTION. Tube requires five-contact socket.
Filament volts (dc), 2.0; amperes, 0.12. Type
1F4 is similar electrically to type 1F5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

G
Glass octal type used in output stage of o '
battery-operated receivers. Outline 37, OUT- e

LINES SECTION. Tube requires octal socket. e‘
Filament volts (dc), 2.0; amperes, 0.12. Typi-

IFS-G cal operation as class A: amplifier: plate and
grid-No.2 (screen) volts, 135 (180 maz); grid- ¢, (2) O
No.l volts, —4.5; plate ma., 8; grid-No.2 ma., v G3
2.4; cathode resistor, 432 ohms; output watts, 0 o
0.31. This is a DISCONTINUED type listed NC NC
for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and avc tube in battery-operated re-
1F6 ceivers, Outline 35, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Typical operation of
pentode unit as class A; amplifier: plate volts,
180 max; grid-No.2 (screen) volts, 67.56 max;
grid-No.1 volts, —1.5; plate ma,, 2.2; grid-No.2
ma., 0.7. This is a DISCONTINUED type
listed for reference only.
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 35, OUTLINES SECTION. 1F7-G
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type
NC NC 1F7-G is a DISCONTINUED type listed for
reference only.

MEDIUM-MU TRIODE

C G
o ° Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Out
line 23, OUTLINES SECTION. This type may
be supplied with pin No.1 omitted. Tube requires IG4_GT
‘_ e 0 . octal socket. Filament volts (dc), 1.4; amperes,
v 0.05. Typical operation and characteristics as
o class A: amplifier: plate volts, 90 (110 maxz);
NC NC grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
conductance, 825 umhos. This type has been used as a driver for type 1G6-GT. Type 1G4-GT is a DIS-
CONTIUED type listed for reference only.

POWER PENTODE

° e Glass octal type used in output stage of
‘ battery-operated receivers. Outline 37, OUT-

©

LINES SECTION. Tube requires octal socket.
Filament volts (dc¢), 2.0; amperes, 0.12. Typical 'IGS_G
operation as class A, amplifier: plate and grid-
No.2 (screen) volts, 1835 max; grid-No.1 volts,

Fr w E; -138.5; plate ma., 9.7; output watts, 0.55. This is
o a DISCONTINUED type listed for reference

NC NC only.

c12 payl " HIGH-MU TWIN POWER TRIODE
° . Glass octal type used in output stage of
/7 R\(2) " battery-operated receivers. Outline 23, OUT-

LINES SECTION. Tube requires octal socket.

Filament volts (dc), 1.4; amperes, 0.1. Typical 'I G6_GT
° . operation as class B amplifier: plate volts, 90
* (110 maz); de grid volts, 0; peak af grid-to-grid
o o volts, 48; effective grid-circuit impedance per
NG unit, 256830 ohms; plate ma. (zero signal), 2;
plate ma. (maximum signal), 11; peak grid ma
per unit, 6; output watts (approx.), 0.35. This type is used principally for renewal purposes.

NC G MEDIUM-MU TRIODE
9 Glass octal type used as detector or voltage
P amplifier in battery-operated receivers. Outline
9 38, OUTLINES SECTION. This type may be
supplied with pin No.l omitted. Tube requires 'IH4_G

e octal socket. Filament volts (dc), 2.0; amperes,
0.06. Typical operation as class A: amplifier:
plate volts, 180 mazx; grid volts, —13.5; amplifi-
NC NC cation factor, 9.3; plate resistance, 10300 ohms;
transconductance, 900 umhos; plate ma., 3.1.
For grid-bias detection, plate volts up to 180 max may be used and grid bias adjusted so that zero-gignal
plate ma. is about 0.2. This is a DISCONTINUED type listed for reference only.

DIODE—HIGH-MU TRIODE
Glass octal type used as combined detector
and amplifier in battery-operated receivers. Out-
line 24, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes, ] H 5-GT
0.06. Characteristics of triode unit as class A;
F- amplifier: plate volts, 90 (110 maz); grid volts, 0;
plate ma., 0.15; plate resistance, 240000 ohms;
amplification factor, 65; transconductance, 275
#mhos. Diode is located at negative end of fila-
ment.

"

&

NC Pp
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Ppp Ppy
TWIN DIODE—MEDIUM-MU TRIODE (2)
Glass octal type used as combined detector, Pr A GT

amplifier, and ave tube in battery-operated re-

-IH 6 G ceivers, Outline 33, OUTLINES SECTION.

- Tube requires octal socket. Filament volts (dc), . e ° Fe

2.0; amperes, 0.06. Type 1H6-G is similar elec- W
trically to type 1B5/25S. Type 1H6-G is a OMO
DISCONTINUED typelisted for reference only. NC NC

POWER PENTODE

Glass octal type used in output stage of o
battery-operated receivers. Qutline 37, OUT-
LINES SECTION. Tube requires octal socket. P /)
Filament volts (dc), 2.0; amperes, 0.12. Typical
'l J 5_G operation as class A1 amplifier: plate and grid-
No.2 (screen) volts, 135 mazx; grid-No.1 volts, e
—16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate -+

resistance, 105000 ohms; load resistance, 13500 o o
ohms; output watts, 0.45. This is a DISCON- NC NC
TINUED type listed for reference only.
HIGH-MU TWIN POWER TRIODE ¢t ST
Glass octal types used in output stage of o Py
battery-operated receivers. Type 1J6-G, Out- PT> o / N ) !
1 Jb_G line 33; type 1J6-GT, Outline 27, OUTLINES
SECTION. Tubes require octal socket. Fila-
]Jb_GT ment volts (de), 2.0; amperes, 0.24. Typical e*e
operation as class B power amplifier: plate volts,
135 max; peak plate ma. per plate, 50 max; 0 o
grid volts, 0; zero-signal plate ma. per plate, NC NC

5; effective plate-to-plate load resistance, 10000
ohms; average input watts, 0.17; output watts, 2.1, These are DISCONTINUED types listed for
reference only. NC £-

SHARP-CUTOFF PENTODE

G Gi
Miniature typeused as rf or if am- Z
] I_4 plifierin portable, battery-operated re-
ceivers, particularly those not util- () e
izingave.Outline 13,0UTLINES SEC-
TION.Tube requires miniature seven- 13

contact socket and may be mounted in any position. Internal shield eliminates
need for external bulb shield, but shielding the socket is essential if minimum grid-
No.1-to-plate capacitance is required. For typical operation as a resistance-cou-
pled amplifier, refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SEC-
TION. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) .. itvinvvinnennravennenrnseannnssancnnns ceainen 1.4 volts
FILAMENT CURRENT . . . . ittt inneoernacennnssonsenssnnascnossonnansns 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.L to Plate. . ... ... ittt i i ce i iniacnssoasanns 0.01 max unf
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield.... . 3.6 puf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield. ........... 7.5 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. ..ottt tieancitenaneetneniinrannnnanns . 110 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE . 90 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. ... ...tiitinerinnicrnenrnancnones . 110 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 max volts
TOTAL CATHODE CURRENT, . ... v0vvnertunrennncnrnononsoesnons . 6.5 max ma

Typical Operation:
Plate Voltage. . ... .o tiiiiiiieie e ciinnniianananenes . 90 volts

Grid-No.2 Voltage 90 volts
Grid-No.1 Voltage 0 volts
Plate ResiStance. .. ... .uierineenneriirenoneerenorronnosesnaas 0.6 0.26 megohm
TransconduUetanCe. . .....vvreeeunenrereeensnenssseanssrsasasns 925 1026 pmhos
Grid-No. 1 Bias for plate current of 10 ga. . ......o0vvvvnnnnn R -6 -10 volts
Plate Current. ............. e bt eaeee ety 2.9 4.5 ma
Grid-No. 2 CUrrent. . .. vveeveverecansansaaseseesaconessaanannnns 1.2 2.0 ma
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AVERAGE PLATE CHARACTERISTICS
T

T T
TYPE IL4

] Ep=1.4 VOLTS OC
GRID-N22 VOLTS=90

\\

-2

[v]

GRID-N2i_VOLTS EC)=-3

PLATE MILLIAMPERES
w
]

-4

-5

ECi=-8
1

1860 200 240
PLATE VOLTS 82CM-6362Tt

PENTAGRID CONVERTER

Miniature type used in low-drain
battery-operated receivers. Outline 13, 'I I. 6
OUTLINES SECTION.Tuberequires
miniature seven-contact socket and
may be mounted in any position. For
general discussion of pentagrid types, see Frequency Conversion in ELECTRON
TUBE APPLICATIONS SECTION.

FILAMENT VOLTAGE (DC) .« o v vt vt vetnovnnnenrnnasnnnsaronesensnsonoons 1.4 volts
FILAMENT CURRENT . « 2 v v v ot veennonrasnessananoaronnoneosssennusans 0.05 ampere
Maximum Ratings: CONVERTER SERVICE

PLATE VOLTAGE. ..o\ttt it sae it ovaanasenansssnsssasnsocnnensaens 110 maz volts
GRIDS-NO0.3-AND-NO.5 (SCREEN) VOLTAGE. . . .. ..vvitiinrinnennnsnnonns 65 mazx volts
GRIDS-N0.3-AND-NO.5 SUPPLY VOLTAGE. . ... ..vivierrnennnnornosnoannns 110 mazx volts
GRID-NO.2 (OSCILLATOR-PLATE) VOLTAGE. ......0cenuraennironsenonnsons 110 max volts
TOTAL CATHODE CURRENT. . . ..t otivrtnesnnnooncnnrossoncnsssassnonns 4.0 max ma
Characteristics (Separate Excitation):

Plate Voltage. . .. ... oottt ittt irtenteasnanstnotasananaens 90 volts
Grids-No.3-and-No.5 (Screen) Voltage. . ... ....coiiiiiinvrniiannnenans 45 volta
Grid-No.2 (Oscillator-Plate) Voltage. . ........oovvieiiniiniiiiiniiians 90 volts
Grid-No.4 (Mixer-Grid) Voltage. . ... et ee et 0 volts
Grid-No.1 (Oscillator-Grid) Resisto: . .. 0.2 megohm
Plate Resistance (Approx.). 0.65 megohm
Plate Current. .............. . 0.5 ma
Grids-No.3-and-No.5 Current. .. ... . 0.6 ma
Grid-No.2 Current. ... .o cvviiinneiiinncntinneeesens . 1.2 ma
Grid-No.1 Current. . . . ... ittt iarancrarsaresananss 0.035 ma
Total Cathode Current. .. ... .. ittt iiiiiiiiaoensanaans 2.35 ma
Conversion Transconductance. . ... ...ouvitieiteinerereaneanessensennns 300 pmhos
Grid-No.4 Voltage for Conversion Transconductance of 10 gmhos. ........ -3.5 volts
Grid-No.4 Voltage for Conversion Transconductance of 100 umhos......... -1.3 volts

NOTE: The transconductance between grid No.1 and grid No.2 connected to plate (not oscillating) is
approximately 550 umhos under the following conditions: signal applied to grid No.l at zero bias; grid
No.2 and plate at 90 volts; grids No.3 and No.5 at 45 volts; grid No.4 grounded. Under the same con-
ditions, the plate current is 6 milliamperes, and the amplification factor is 40.

Maximum Circuit Value (For maximum rated conditions):

Grid-No.4 Circuit Resistance. ..........cc00nvvns Cheaenaeeen esensvees 1.0 maz megohm

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Qutline 15, OUT-
LINESSECTION. Tuberequireslock-insocket. lI I_ A4
Filament volts (de), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT. Type 1LAdisa
DISCONTINUED typelisted for reference only.
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PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers., Outline 15, OUTLINES SECTION.
]L A6 Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter is the same as for type 1A7-GT ex-
cept that the maximum grid-No.2 volts is 65,
the maximum total cathode ma. is 4.0, the plate
resistance is 0.75 megohm, and the conversion
transconductance for a grid-No.4 (control-grid)
bias of —3 volts is 10 ymhos.

POWER PENTODE

Glass lock-in type used in output stage of
]LB 4 hattery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-insocket.
Filament volts (dc¢), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. OQutline 156, OUT-
LINESSECTION. Tube requireslock-in socket.
] LC 5 Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A; amplifier: plate volis, 90
(110 mazx); grid-No.2 (screen) volts, 45 maz;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 7756
pmhos; plate ma., 1.15; grid-No.2 ma., 0.3.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4¢ amperes, 0.05. Typical operation as

] LC6 converter: plate volts, 90 (110 max); grids-No.3-
and-No.5 volts, 35 (45 maz) ; grid-No.2 volts, 45;
grid-No.1 volts, 0; plate resistance, 0.656 meg-
ohm; plate ma., 0.75; grids-No.3-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 uymhos.

DIODE—SHARP-CUTOFF PENTODE

Glass lock-in type used as combined detec-
tor and af voltage amplifier in battery-operated
receivers. Outline 15, OUTLINES SECTION.

]LD 5 Tube requires lock-in socket. Filament volts
(de¢), 1.4; amperes, 0.05, Characteristics of pen-
tode unit: plate volts, 90 (110 max); grid-No.2
volts, 45; grid-No.l volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 pmhos.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 15, OUTLINES SECTION. Tube requires

] L E 3 lock-in socket. Filament volts (de¢), 1.4; amperes,
0.05. Typical operation as class A: amplifier:
plate volts, 90 (110 max); grid volts, -3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 umhos; amplification factor,
14.5.
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REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 15, OUT-
LINES SECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation and maximum ratings as class A, ILG 5
amplifier: plate volts, 90 (110 max); grid-No.2
volts, 45 (110 max); grid-No.1 volts, 0; plate
resistance (approx.), greater than 1 megohm;
transconductance, 800 pmhos; plate m=a., 1.7;
grid-No.2 ma., 0.4; grid-No.1 voltage for trans-
conductance of 10 umhos, —10 volts.

DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier m battery-operated receivers. H 4
Outline 15, OUTLINES SECTION. Tube re- IL
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0.05. For electrical characteristics, re-
fer to glass-octal type 1H5-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Qutline 15, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (de¢), 1.4; amperes, 0.05. Typical l LN 5
operation as class A1 amplifier: plate and grid-
No.2 (screen) volts, 90 (110 max); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 umhos,

°0 & SHARP-CUTOFF PENTODE

Glass octal type used asrf orif am-
© © plifierin battery-operated receivers. l N S-GT
RSN L; Outline 24, OUTLINES SECTION.
() Tube requires octal socket and may be
8¢ Ne mounted in any position. When used
in ave circuits, the 1IN5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC). ...t ovttierntennnnnncreceseannnns ceaes 1.4 volts
FILAMENT CURRENT. . .. ... 0ttiirenrnrrneranneeannnns P .. 0.05 ampere
DiIRECT INTERELECTRODE CAPACITANCES:*
Grid NoltoPlate..........coiiiiinniiiiininnanneenns veee 0.007 max puuf
Grid No.1 to Filament, Grid No.2, and Grid No.3............ .. 2.8 puf
Plate to Filament, Grid No.2, and Grid No.3................ .o 9.0 puf

* With external shield connected to negative filament terminal.

Typical Operation: CLASS A, AMPLIFIER

Plate Voltage (110 VOIS mGL) . . ... oivvrvitreeiiinnnnnnenns ces 90 volts
Grid-No.2 (Screen) Voltage (110 volts maz)................ouu.n .. 90 volts
Grid-No.l Voltage. . ........ ...t it iiiiiiireeanns . 0 volts
Plate Resistance (APProX.). .. ovveernternerrnneenrereeesnnsenn 1.5 megohms
TransconductlNCe. . . ... ...ttt it i i, 750 pmhos
Grid-No.l Bias (Approx.) for transconductance of 5 umhos..,...... -4 volts
Plate Current. .. ...ttt e i e i, 1.2 ma
Grid-No.2 Current.......... Gt eereraeeisee ittt 0.3 ma
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DIODE—POWER PENTODE .

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Filament volts (dec), 1.4; amperes,
0.05. Typical operation of pentode unit as class
Ap amplifier: plate and grid-No.2 (screen) volts,
90 (110 max); grid-No.1 volts, —4.5; plate ma.,
8.1; grid-No.2 ma. (zero-signal), 0.6; plate re-
sistance (approx.), 0.3 megohm; transconduct- 0

n
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®
N
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9
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ance, 800 pmhos; load resistance, 25000 ohms; NC NC
output watts, 0.1. This is a DISCONTINUED
type listed for reference only.
REMOTE-CUTOFF PENTODE 62 NC
Glass octal type used as rf or if amplifier in 0 9
battery-operated receivers. Outline 24, OUT- ¢ o ‘ Q!

LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A1 amplifier: plate volts, 90

(110 max); grid-No.2 (screen) volts, 90 (110 F+ F;-

maz); grid-No.1 volts, 0; plate resistance o
(approx.), 0.8 megohm; transconductance, 750
pmhos; transconductance (approx.) with -12

listed for reference only.

BEAM POWER TUBE

4
Glass octal type used in the output stage VA
of battery-operated receivers. Outline 23, OUT- e

]QS_GT LINES SECTION. This type may be supplied

1RS

with pin No.l omitted. Tube requires octal
socket. Filament volts (de¢), 1.4; amperes, 0.1. ;f

O
For electrical characteristics and ratings, refer V C3

to type 3Q5-GT with parallel filament arrange-
ment. Type 1Q5-GT is used principally for re- NC
newal purposes.

PENTAGRID CONVERTER

Miniature type used in lightweight,
portable, compact, battery-operated re-
ceivers. Outline 13, OUTLINES SEC-
TION. Tube requires miniature seven-
contact socket and may be mounted in

any position. For general discussion of pentagrid types, see Frequency Conversion
in ELECTRON TUBE APPLICATIONS SECTION. For filament considerations,
refer to type 1UA4.

FILAMENT VOLTAGE (DC). ot oo vtvvrnnnennronnnonsasns feeeeeans .. 1.4 volts
FILAMENT CURRENT. . . ... ttitetnnsinnereanonentonansosaaasns . 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to All Other Electrodes (RF Input)................. 7.0 upul
Plate to All Other Electrodes (Mixer Qutput).................. 7.6 puuf
Grid No.1 to All Other Electrodes (Osc. Input).......... PN 3.8 upul
Grid NoB3toPlate. .. ... ...ttt iiianenn 0.4 max nul
Grid No.8to Grid No.1. .. ..o ittt 0.2 max uul
Grid No.ltoPlate. . ...ooivinuiniii i iiiiiiiii e 0.1 max upf
Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. . .. teiititieta i nn i iinraasasaransnonssas 90 max volts
GRIDS-N0.2-AND-N 0.4 (SCREEN) VOLTAGE 67.5 max volts
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE ... .............. 90 mazx volts
GRID-N0.3 (CONTROL- GRID) VOLTAGE, Positive Bias Value . . . 0 mazx volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. ... ..ooiutrrnnrannaranens 5.5 maz ma
Typical Operation:
Plate Voltage. . ......covvriiiiinininennnns 45 67.5 90 90 volts
Grids-No.2-and-No.4 Voltage . 45 67.5 45 67.5 volts
Grid-No.3 Voltage. . 0 [ [ volts
Grid-No.1 Resistor. .. ... .1 0.1 0.1 megohm
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Plate Resistance (ApPprox.)..........oocvvu..n 0.6 0.5 0.8 0.6 megohm
Conversion Transconductance................. 235 280 260 300 umhos
Grid-No.3 Bias for conversion trans-

conductance of approx. b ymhos. ........... -9 -14 -9 -14 volts
PlateCurrent. .. .......oiiiiiiiirnnrernnnnn 0.7 1.4 0.8 1.6 ma
Grids-No.2-and-No.4 Current. ................ 1.9 3.2 1.9 3.2 ma
Grid-No.1 Current..............c.ciiiiienn. 0.15 0.25 0.15 0.25 ma
Total Cathode Current....................... 2.75 5 2.75 5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 tied to plate (not oscillating)
is approximately 1400 ymhos under the following conditions: grids No.1 and No.3 at 0 volts; grids No.2
and No.4 and plate at 67.6 volts.

OPERATION CHARACTERISTICS

T T v
TYPEIRS
£.£21.4 VOLTS DC
e AT 2
OPERATION CHARACTERISTICS & LeTE AR | 002
TYPE IR5 o] VOLTS|MEG.[RE 3
o [EEIAVOT GGy — SEHIEIEE g
g PLATE "0”5{;;‘; R 90 ee cle75 |673 | of | 230 / / v
3 GRID-N® 3 VOLTS=0 — Gl 90 16735 [0) | 250 1,603
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o 1¢;=0.02 MA. (RECOMMENDED MIN.)  —] INDICATED VACUES: ' - o5 A g
3 GRID-N2I CUR VARIED BY ADJRBIMENT NEZEN2 44 ONFILAMENT =0 l, <
~ 0SC.VOLTSONGRIDS N22 & N24 8 ON —] 4 12000
v FILAMENT=0 g >
© ) 2
~ 'l 2
-} “ h o
z w 1
§300 o & L U s @
A o S 1 z
- - o
2 250l 9c/—‘?c D - B n/ ! :
< % Lot oE! < c -
e || T 4. 0 ova 3 i .
200 ¢ATRO 42 Hsft—100 &
z 7 3 1 | B A @
2 s ’ 3w d find 4
" 7 a I’ 1 w
S o / 4 2
> 100 2T /2 M 50 Z
2 3 Vi 8
8 50 [ &7 L4 7
-4
L] ‘/
Y 0.2 5.3 — 0. g iz = ~ (
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POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Types 1S4 and 3S4 are identi-
cal except for filament arrangement. Outline 13, .I S4
OUTLINES SECTION. Type 1S4 requires
miniature seven-contact socket and may be
mounted in any position. For ratings, typical
operation, and curves, refer to type 3S4 with
parallel filament arrangement. For filament con-
siderations, refer to type 1U4 and ELECTRON TUBE INSTALLATION SECTION. Filament volts
(de), 1.4; amperes, 0.1. This type is used principally for renewal purposes.

G2

foIRoY DIODE—
P03 G"’ SHARP-CUTOFF PENTODE
Miniature type used in light- ]SS
NC y Des weight, compact, portable, battery-op-
e-(D)

erated receivers as combined detector
Cap and af voltage amplifier. Outline 13,
OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristics, curves, and application, refer to type 1U5.

" & REMOTE-CUTOFF PENTODE

Miniature type used in light-
weight, compact, portable, battery-op- 'I 'I' 4
r+ erated receivers as rf or if amplifier.
0 Because of internal shielding feature,
1S an external bulb shield is not needed,

83




RCA Receiving Tube Manual

but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be
obtained. Outline 13, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position. For filament considerations, refer

to type 1U4.

FILAMENT VOLTAGE (DC). . ..ottt ttiiiiiiinainananranannnnas .. 1.4 volts
FILAMENT CURRENT . . ....0iiittinninnnranennnnns e 0.06 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid NoltoPlate....... ... ... ... iiiiiiiiiinninannnnns 0.01 max puf
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield 3.6 upf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield. . .. 7.6 ppf

* With close-fitting shield connected to negative filament terminal.

Maximum Ratings: CLASS A, AMPLIFIER

90 max volts
67.5 max volts
90 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 maz volts
TOTAL CATHODE CURRENT. ... .t t0tttenretnnnennntnrinnernnaasns 5.6 max ma
Typical Operation:
Plate Voltage. . .......c.civtiiiiiinnnnnnnnnn 45 67.6 90 90 volts
Grid-No.2 Voltage.............o0eviiinnnnn, 45 67.56 456 67.5 volts
Grid-No.1 Voltage. .................coviulns 0 0 0 0 volts
Plate Resistance (Approx.)..........c........ 0.85 0.26 0.8 0.5 megohm
Transconductanee. . ..............c.oiviunnnn.. 700 875 750 900 umhos
Grid-No.1 Bias for transconductance of 10 umhos. -10 -16 -10 -16 volts
Plate Current. ... ...........cooveueeniinn... 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current..........c.oovvvnrnnnnan. 0.7 1.6 0.65 1.4 ma
AVERAGE PLATE CHARACTERISTICS
4 T T LU
' TYPE IT4
=0 Eg=1,4 VOLTS D C
o7 YouT2 2 GAID-NS2 VOLTS = 67.5
al
? -0.9
a / /‘/ —i.0
ElL A1
e 4
3 / / —-1.5
<
3 y L~
w / ’/ —2l 5
2 Ecy=~3.0
' ] -3.5
a0
" —5.0
r—f = 6.0
—18.0
° e so EoLare voLTs 200 2cM-6ioITI
BEAM POWER TUBE Gz |
Glass octal type used in output stage of P
battery-operated receivers. Qutline 23, OUT- o‘
LINES SECTION. This type may be supplied
ITS-GT with pin No.l omitted. Tube requires octal
socket. Filament volts (dc), 1.4; amperes, 0.05. ;,(2) (e
- For filament considerations, refer to type 1U4. w G3
Typical operation as cless A: amplifier with ° o
fixed bias: plate and grid-No.2 (screen) volts, 90 NC NC

(110 max); grid-No.l volts, —6; peak af grid-
No.1 volts, 6; plate ma. (maximum or zero-signal), 6.5; grid-No.2 ma. (zero-signal), 0.8; grid-No.2 ma.
(maximum signal), 1.5; plate resistance, 0.25 hm; tra ductance, 1150 umhos; load resistance,
14000 ohms; total harmonic distortion, 7.5 per cent; output watts, 0.17. This is a DISCONTINUED
type listed for reference only.
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DIODE—SHARP-CUTOFF
PENTODE

Subminiature type used as com-~ ]-I- 6
bined detector and audio amplifier in

small, compact, battery-operated re-

ceivers for the standard AM broad-

cast band. The 1T6 and the other RCA

subminiature types 1AC5, 1AD5, and 1E8 comprise a complete tube complement
for lightweight portable radio receivers having extremely low battery drain. Out-
line 8, OUTLINES SECTION. Tube requires subminiature eight-contact socket
and may be mounted in any position. For installation and application considera-
tions, refer to type 1ACS5.

FILAMENT VOLTAGE (DC). . . .......... e e ira e, 1.25 volts
FILAMENT CURRENT . . . .ttt titettttrennennssesasrosesssssonanennsenses 0.04 ampere

Maximum Ratings:

PLATE VOLTAGE. . . .ottt ittt i e r e e etaseeransnunneesases 67.5 max volts
GRID-NO.2 (SCREEN) VOLTAGE, .+ ¢t s tutvetnennonnorosnocnnnsrnasennsoonaas 67.5 max volts
TotaL CATHODE CURRENT....... b e e bee ettt atae st aeneraronan 2.0 mazx ma

Typical Operation:

Plate Voltage. .. ......... ittt iiireiterrtasasnesens 30 456 67.5 volts
Grid-No.2 (Screen) Voltage. ... ....c.virvinrensenaenss 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage. ........co0uveevenna. 0 0 0 volts
Plate Resistance (Approx.)...... . 0.5 0.5 0.4 megohm
Transconductance. ........... .. 330 475 600 umhos
Plate Current. .. .....c.ouiuiiieiiirneerannnncnnnnnene, 0.33 0.75 1.6 ma
Grid-No.2 Current. . ... ovvirieveneeeriesonnnreonnnnn 0.10 0.21 0.4 ma

Maximum Rating:

PLATE CURRENT. . . ottt ittt tattenats et cnnesaneneesnenenneeanes 0.25 max ma
Diode unit is located at negative end of filament and is independent of the pentode unit except for the

common filament.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if
amplifier in stages not controlled by ]U4

ave in lightweight, compact, portable,

battery-operated equipment. Because

the screen can be operated at the same

voltage as the plate, a voltage-dropping resistor is not needed. For typical operation
as a resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC). . .. . ....c0vuas sebessnneiares sereertiannenaias 1.4 volts
FILAMENT CURRENT. . . e . c.iviiiernnennnsen rereereineenas [ P 0.056 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.Lto Plate. . . .uuiutiiininiiiiiiireneneenerannocnnnnnennnas 0.01 max wul
Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield........ 3.6 uuf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield....... veeee 7.6 uuf

* External shield connected to negative filament terminal,

Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. .. .c0o0rieiivereorrenoncssenosansssananns tessssessacan 110 max volts
GRID-N0.2 (S8CREEN) VOLTAGE. ..o cvvnveennenas eneeees ceesseenannsirnne 110 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative biag value ..........cvcvvivevernceenns . e 80 maz volts
Positive bias value .,........... eresseriiaans . 0 maz volts
TOTAL CATHODE CURRENT. ........ tescsressanasen treecnes testecsacrrias 6 mazx ma
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Typical Operation:

Plate Voltage. . ... .coiiiiiinerstinnassnsteesosssccssasssossassnenssnane 90 volts
Grid-No.2 Voltage. . . ... .iiiiiieiiiieiioteresneenssconssesrossosnonane 90 volts
Grid-No.1 Voltage. .........ccv0vvuenn 0 volts
Plate Resistance (Approx.)............ 1.0 megohm
Transconductance. . ............coouiennnnaaas - 900 umhbos
Grid-No.1 Bias for transconductance of 10 pmho: —4 volts
Plate Current. .. ... ... ittt iiiiteeneenenennnnns 1.6 ma
Grid-No.2 Current.......ciiriinnieneranirineenaesenoseerissnanconana 0.5 ma

INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Qutline 13, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With 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 filaments of similar tubes across a power supply con-
sisting of dry cells in series In either case, the voltage across the filament should
not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For such
operation, design adjustments should be made so that, with tubes of rated charae-
teristics operating with all electrode voltages applied and on a normal line voltage
of 117 volts or 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 the filament
will be maintained within a range of 1.25 to 1.4 volts with a center of 1.3 volts.

In order to meet the recommended conditions for operating filaments in series
from dry-battery, storage-battery, or power-line sources, it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-
siderations.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

T T 1
TYPE IU4
€£=1.4VOLTS DC
14 GRID-N22 VOLTS 290

-0.5

PLATE MILLIAMPERES

-2.0

GRIDNZI VOLTS ECi=-2.5
I] ] JF -3

1
[} 40 80 120
PLATE VOLTS

N N —fg=
N N DN T

200

22CM-6869T

DIODE—SHARP-CUTOFF
PENTODE

-IU5 Miniature type used in light-
weight, compact, portable, battery-op-

erated receivers as combined detector

and af voltage amplifier. The 1U5 is

similar to the 1S5 but utilizes an im-
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proved structure which greatly reduces any tendency toward microphonic effects.
In addition, the diode unit is effectively shielded from the pentode unit to prevent
“play-through.” Outline 13, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as a resistance-coupled amplifier, refer to Chart 2, RESISTANCE-COUPLED
AMPLIFIER SECTION. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC). . ot otitineciiiiineeenenesnnnnrssennns 1.4 volts
FILAMENT CURRENT. . ..t titvienvnsannnorstosanonsssanesnasns 0.05 ampere
Maximum Ratings: PENTODE UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. . . .. ittt it iisnnscsecseossassnsssnnans 90 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . . .. iivtvurvennnrrnnnonnssas cees 90 mazx volts
GRID-N 0.1 (CONTROL-GRID) VOLTAGE:

Negativeblas value . ..........c.oiivrinriiireennennnen e 50 max volts

0 mazx volts

3 mazx ma
Characteristics:
Plate Voltage. . . ....ooi ittt ittt iieriireissaranens .. 67.6 volts
Grid-No.2 Voltage. . ...ttt ittt iniiiaannnns .. 67.5 volts
Grid-No.1 Voltage 0 volts
Plate Resistance.............ooiiiiiiunininnenniennonns eeeenane 0.6 megohm
Trangconductance. . ......... ..t inieriinnancnrnsonns vesen 625 umhos
Grid-No.1 Bias for plate current of 10pa................ N -5 volts
Plate Current. ... ... ... i i i i i ittt e 1.6 ma
Grid-No.2Current...............00u0ns R 0.4 ma
Maximum Rating: DIODE UNIT
PLATE CURRENT. . ottt v iitettanetinisreennnsnsnasssanerannnos 0.25 mazx ma

Diode unit is located at negative end of filament and is independent of the pentode except for the
common filament.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

2.5 T 1 T 1
TYPE 1US
| _Eg=1.4 vOoLTS DC
GRID-N22 VOLTS =67.5
2.0
“n s Ec‘:o
W GRID-NE! VOL
§ 5 s et
3 ~0.5
<
: L4
3 / // -1.0
w 1.0
= V
< —1.5
31/
/ -2.0
0.5/ Eciz=2.5
L =3.9
g |
~4.0
1
o 20 a0 60 80 100 20 140
PLATE VOLTS 2CM-6158TH
HALF-WAVE VACUUM RECTIFIER
P K

e e Glass type used in ac/dc or automobile
receivers. Outline 31 or 34, OUTLINES SEC-
TION. Tube requires four-contact socket. For
heater considerations, refer to type 6ATS. 'I
Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi- -V
0*0 mum ratings as half-wave rectifier: peak inverse
H H plate volts, 1000; peak plate ma., 270; peak
heater-cathode volts, 500; dc output ma., 45.
This type is used principally for renewal pur-
poses.
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HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

lv2 age, low-current applications such as

the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

required by the filament permits the use of a rectifier transformer having small
size and light weight. For curve of average plate characteristics, see page 61.

FILAMENT VOLTAGE (AC) . . .o ottivneueiennanctnonsonsesannnrsanansnanas 0.625 volt
FILAMENT CURRENT. . ..t .itttiteinietnasneruennennousctarnsasosnsansans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (ApProX.). ... v vitiitnrrisrarnernnrosonarsossanen 0.8 upf

PULSED-RECTIFIER SERVICE
R . For operation in a 525-line, $0-frame system
Maximum Ratings
PEAK INVERSE PLATE VOLTAGE
PEAK PLATE CURRENT. . .... .
AVERAGE PLATE CURRENT. . ... . e, reredesenreraae 0.5 max ma

INSTALLATION AND APPLICATION

Type 1V2 requires a noval nine-contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
noval nine-contact sockets designed with a cylindrical center shield, it is necessary
to remove the center shield. In addition, it is recommended that the socket clips
for pins 1, 6, and 7 be removed to reduce the possibility of arc-over and minimize
leakage. Outline 14, OUTLINES SECTION.

The filament is of the coated type and is designed for operation at 0.625 volt.
The filament windings on the pulse transformer should be adjusted to provide the
rated voltage under average line-voltage conditions. When the filament voltage is
measured, it is recommended that an rms voltmeter of the thermal type be used.
The meter and its leads must be insulated to withstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very dangerous. Great care
should be taken to prevent coming in contact with these high voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
circuits where the filament is not grounded. Precautions must include safeguards
which definitely eliminate all hazards to personnel.

F
HALF-WAVE VACUUM RECTIFIER 0

IX2-A Miniature types used in high-volt- NG TNC
-Ix2 B age, low-current applications such as G A .
- the rectifier in a high-voltage, rf-op- &
erated powersupply,oras therectifier of ! B
high-voltage pulses produced in tel- & 3

evision scanning systems. Outline 19, OUTLINES SECTION. Tubes require noval
nine-contact socket and may be mounted in any position. Plate connection is cap
at top of bulb. Pins 3 and 7 may be used as tie points for filament dropping resis-
tor and high-voltage filter resistor, or may be connected to the filament. These pins
should 7ot be connected to low-potential circuits. For other filament and high-
voltage considerations, refer to type 1B3-GT. For curve of average plate character-
istics, see page 61,
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FILAMENT VOLTAGE (AC) .ttt viveerernunenrnnneenens Ceereavseiacaataeean
FILAMENT CURRENT. . . ....covvvennannnes [P

DIRECT INTERELECTRODRE CAPACITANCE:

Plate to Filament (Approx.)........... rererset e,

PULSED-RECTIFIER SERVICE
For operation in a 525-line, 80-frame system

Maximym Ratings: 1X2-A

PEAK INVERSE PLATE VOLTAGE (Absolute Mazimum)°........ 18000 max
PEAR PLATE CURRENT. . ... .t i0tvteeenninninanenns [ 10 mazx
AVERAGE PLATE CURRENT. ....... Chresraeen 1 max

Typical Operation:
Peak Plate Supply Voltage:

Positive Pulse Value. . ................ccouun.. aeens .. 14000
Negative Pulse Value. . ...............ccocient, e 3500
DC Output Voltage (APProX.). .. .....ovvrevrununninnneenss 14000
DC Output Current (APPIoX.). . ...ttt ereinniennnnnnns 176

°The dc component must not exceed 18000 volts.
aUnder no circumstances should this absolute value be exceeded.

" &° POWER TRIODE

Glass type used in output stage of ra-

dio receivers and amplifiers. As a class

A A, power amplifier, the 2A3 is usable

) O either singly or in push-pull combi-

1.25 volts
0.2 ampere
1.0 upf
1X2-B

220008 maz  volts
45 mazx ma
0.5 maz ma
18000 volts
2000 volts
18000 volts
100 ua

2A3

nation.

FILAMENT VOLTAGE (AC/DC).......... et ie e vee 2.6
FILAMENT CURRENT . . ... iivtiiniiiiiisnnnnnnannnen eeraas eees 2.5
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

GridtoPlate. . . ... ... ...t it i, . 16.5

Grid to Filament. . .. .. 7.5

Plateto Filament. .. ........coviiiiiiiiiiiiinennnna, 6.5
Maximum Ratings:
PLATE VOLTAGE. . .. 300 mazx
PLATE DISSIPATION. . o e vvvrnasnass 15 max
Typical Operation:
Plate Voltage. . ... ..coiitiiiiiiiiiiiiiiiiainns [ . 250
Grid Voltage*# .......c.00itiniiiiineienncnannnnnnes —45
Plate Current. ... ..ouunini ittt iroeneanraneeeaeannas 60
Amplification Factor 4.2
Plate Resistance. ... ....covuuviniiiniueniunneennriaanennenn. .. 800
TranscondUCtaNCe. . ... .uvuvin vttt iiennte i ennaaanaans .e 5250
Load ResiStance. .. . .....iviiiniiiiininererninerneeneenonnnnas . 2500
Second Harmonic Distortion. ....................... eeeeeeees ..
Power Output........... e e rere et e 3.6
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER
PLATEVOLTAGE. .. ...ivviiiiiineiiaaeninnenns e e . 300 max
PLATE DISSIPATION. .4 v vinenieinnvnnranennn Ceetesar i it 15 max
Typical Operation (Values Are For Two Tubes): Fized Bias Cathode Bias
Plate Voltage. . ... .ottt e 300 300
Grid Voltage* # . ... it it e iae sttt etts e, —62 ~
Cathode-Bias Resistor. ... ............00viennnaa, e - 780
Peak AF Grid-to-Grid Voltage . .................. N 124 156
Zero-Signal Plate Current. . . ... .coiiiiiinnriinereneereneecnnann 80 80
Maximum-Signal Plate Current. . ... ......coiiiiineenarennnnnnn. 147 100
Effective Load Resistance (Plate-to-plate) ....................... 3000 5000
Total Harmonice Distortion.............. eseeennaes e 2.5 5.0
PowerOutput...............coovuiinns e ttiabaateee e 15 10

volts
amperes

nul

puf

volts
watts

volts
volts
ma

ohms
umhos
ohms
per cent
watts

volts
watts

volts
volts
ohms
volts
ma

ma
ohms
per cent
watts
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Maximum Circuvit Valves:

Grid-Cireunit Resistance:
For fixed-bias operation. .. .....covvireiiirenncnsvonecerissns 0.06 max megohm
For cathode-bias operation. .....vviviiieeiiniiiieeerennrianas 0.5 max megohm

* Grid voltage referred to mid-point of ac-operated filament.
# When a single 2A3 is operated cathode-biased, the cathode-biasing resistor value should be 750 ochms.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and may be mounted in any position.
Outline 43, OUTLINES SECTION. 1t is especially important that this tube, like
other power-handling tubes, be adequately ventilated.

The values recommended for push-pull operation are different from the con-
ventional ones usually given on the basis of characteristics for a single tube. The
values shown for Push-Pull Class AB, operation cover operation with fixed bias
and with cathode bias, and have been determined on the basis of no grid current
flow during the most positive swing of the input signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The cathode resistor
should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the cathode resistor.

When 2A3’s are operated in push-pull, it is desirable to provide means for
adjusting the bias on each tube independently. This requirement is a result of the
very high transconductance of these tubes— 5250 micromhos. This very high value
makes the 2A8 somewhat critical as to grid-bias voltage, since a very small bias-
voltage change produces a very large change in plate current. It is obvious, there-
fore, that the difference in plate current between two tubes may be sufficient to
unbalance the system seriously. To avoid this possibility, simple methods of inde-
pendent cathode-bias adjustment may be used, such as (1) input transformer with
two independent secondary windings, or (2) filament transformer with two inde-
pendent filament windings. With either of these methods, each tube can be biased
geparately so as to obtain circuit balance.

AVERAGE PLATE CHARACTERISTICS

v v
TYPE 2A3
Eg=25V0LisDe] f

o
>
TQ
~
>0

PLATE MILLIAMPERES
[,
A GR1p
S~ L \f\ OLrs
& e

e
g
N

\J
=
Gk 2
)
J

K

oo,

S

o

400
PLATE VOLTS 92CM ~5233T1



== RCA Receiving Tube Manunal

G2 Gy
G) 0 POWER PENTODE
Glass type used in output stage of ac-oper-
w ated receivers. Outline 88, OUTLINES SEC-
P 6 e G3 TION. Tube requires six-contact socket. Except
for its heater rating (2.5 volts ac/dc; 1.75 2A5

amperes), the 2A5 has electrical characteristics
(e) identical with type 6F6. Type 2A6 is a DIS-
L] CONTINUED type listed for reference only.

PD2 POy TWIN DIODE—HIGH-MU TRIODE

GT Glass type used in ac-operated receivers
)‘ chiefly as a combined detector, amplifier, and
fr(®) (5)x  ave tube. Outline 86, OUTLINES SECTION. 2 A6

Tube requires six-contact socket. Except for itg

. heater rating (2.5 volts ac/dc; 0.8 ampere),

0 o and within its 250-volt maximum plate rating,

the 2A6 has electrical characteristica identical

" H with type 6SQT7. Type 2A6 is a DISCONTIN-
UED type listed for reference only.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 36, OUTLINES SECTION, Tube re-
quires small seven-contact (0.75-inch, pin-circle
diameter) socket. Except for ita heater rating 2 A7
(2.5 volts ac/dc; 0.8 ampere) and its interelec-
trode capacitaneées, the 2A7 haselectrical charac-
teristics identical with type 6A8. Complete
shielding of this tube is generally necessary.
Type 2A7 is a DISCONTINUED type listed
for reference only.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. Outline 36, OUTLINES
SECTION. Tube requires small seven-contact
(0.76-inch, pin-circle diameter) socket. Except 2B7
for its heater rating (2.5 volts ac/dc; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. Type 2B7 is a DISCONTINUED type
listed for reference only.

ELECTRON-RAY TUBE

Glass type used to indicate visually by
means of a fluorescent target the effects of &
change in a controlling voltage. It is used as a
convenient means of indicating accurate radio
receiver tuning. Outline 31 or 34, OUTLINES 2E 5
SECTION. Tube requires six-contact socket.
Except for its heater rating (2.5 volts ac/dc; 0.8
ampere), the 2E5 has electrical characteristica
identical with type 6E5. Type 2E5 is a DIS-
CONTINUED type listed for reference only.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of
high-voltage pulses produced in the 3 A2
scanning systems of color television
receivers. Outline 19, OUTLINES
SECTION. Tube requires noval nine-
contact socket and may be mounted in any position. For curve of average plate
characteristics, see page 61.
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HEATER VOLTAGE (AC) .\ttt etttnere e sananracnessneeerunesennnnss 8.15
HEATER CURRENT. . ...\ttt it inne e riasrentneaneaeronnnesnanns 0.22
DirECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield. ... ................. 1.0

PULSED-RECTIFIER SERVICE

Maximum Ratings: For operation in a 525-line, 30-frame system
PEAK INVERSE PLATE VOLTAGE . . ... ot0titteineenanarnnanenaneannan, 18000 max
PEAK PLATE CURRENT. ., ... itvn ittt tinsernenroanneeeniaenneonann 80 max
AVERAGE PLATE CURRENT. . ...\ttt iniiii i iiie e e neennns 1.5 mazx

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier 'G)
3 A3 of high-voltage pulses produced in the

volts
ampere

volts
ma
msa

p IC
1

scanning systems of color television HIHS.K

receivers. Outline 30, OUTLINES
SECTION. Tube requires octal socket 1€

ic

and may be mounted in any position. For curve of average plate characteristics,

see page 61.

HEATER VOLTAGE (AC) . . .. tttttttnetienanssrtentnneaasaerasonenens 3.16
HEATER CUBRENT. . ... ittt iiittatenntenetaronsancsns ceee 0.22
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Heater, Cathode, and Internal Shield..................... 1.6

PULSED-RECTIFIER SERVICE
Maximum Ratings: For operation in a 525-line, 30-frame system

PEAK INVERSE PLATE VOLTAGE 830000 max
PEAK PLATE CUBRENT......... .. 80 mazx
AVERAGE PLATE CURRENT......... . 1.6 max

DIODE—TRIODE—PENTODE

Glass octal type used as combined detector,

af amplifier, and rf amplifier in battery-operated

3 A8-GT receivers.Filament has mid-tap so that tube may
be used with either 1.4- or 2.8-volt dc filament

supplies. Filament volts 1.4 (parallel), 2.8

(series); amperes 0.1 (parallel), 0.056 (series).

Typical operation of triode unit as class A; am-

plifier: plate volts, 90 (110 max); grid volts, 0;

volts
ampere

uuf

amplification factor, 65; plate resistance, 0.2 megohm; transconductance, 326 ymhos; plate ma., 0.2.
(Typical operation of pentode unit as class A amplifier: plate volt, 90 (110 max); grid-No.2 volts, 90
110 max); grid-No.1 volts, 0; plates resistance, 0.8 megohm; transconductance, 750 umbh os; plate ma.

1,5; grid-No. 2 ma., 0.5. This is a DISCONTINUED type listed for reference only.
NC,

BEAM POWER TUBE 62

Glass lock-in type used in output stage of
3LF 4 ac/dc/battery portable receivers. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (dec) 1.4 (parallel), 2.8 R
(series); amperes 0.1 (parallel), 0.05 (series).
For electrical characteristics, refer to glass-octal
type 8Q5-GT.

NC

POWER PENTODE O

Gi
Minijature type used in output 0(
3Q4 stage of lightweight,compact, portable, '
battery-operated equipment. Outline o
13, OUTLINESSECTION. Exceptfor ()
terminal connections, types 3Q4 and F-

8V4 are identical. Refer to type 3V4 for ratings, typical operation, curves, and

installation considerations.
92
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BEAM POWER TUBE

Glass octal type used in output
stage of ac/dc/battery portable re- 3Q5-GT
ceivers. Outline 22 or 23, OUTLINE
SECTION. This type may be supplied
with pin No.1 omitted. Tube requires
octal socket and may be mounted in any position. For series filament arrangement,
filament voltage is applied between pins 2 and 7. For parallel filament arrangement,
filament voltage is applied between pin 8 and pins 2 and 7 connected together. For
additional filament considerations, refer to type 3V4 and ELECTRON TUBE
INSTALLATION SECTION.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC) .. ...0.cvvuvvenn- 2.8 1.4 volts
FILAMENT CURRENT. ... ....000vennnnanns 0.05 0.1 ampere
CLASS A, AMPLIFIER
Maximum Ratings: Series Parallel
PLATEVOLTAGE. . . .. oivvviivnvannnennns 110 max 110 max volts
GRID-NO. 2 (SCREEN) VOLTAGE . ......... 110 mazx 110 max volts
TOTAL ZERO-SIGNAL CATHODE CURRENT. . . 6% max 12 max ma

*For each 1.4-volt filament section.

Typical Operation: Series Parallel
Plate Voltage. ............oovvvnennnnn. 90 110 85 90 110 volts
Grid-No.2 Voltage................c.u... 90 110 85 90 110 volts
Grid-No. 1 Voltage...................... ~-4.5 -6.6 -6 -4.5 -6.6 volts
Peak AF Grid-No. 1 Voltage. . .. 4.5 5.1 5 4.5 5.4 volts
Plate Current................ .. 8.0 8.5 7.0 9.5 10 ma
Grid-No. 2 Current (Approx.) ............ 1.0 1.1 0.8 1.3 1.4 ma
Plate Resistance (Approx.) .............. 0.08 0.11 0.07 0.09 0.1 megohm
Transconductance.............occovuvnnn. 2000 2000 1950 2200 2200 umhos
Load Resistance........................ 8000 8000 9000 8000 8060 ohms
Total Harmonic Distortion............... 8.5 8.5 5.5 6.0 6.0 per cent
Maximum-Signal Power Output........... 230 330 250 270 400 mw
Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ......... ... .. i s 2.2 max megohms
For cathode-bias operation. ................ ... ittt 2.2 max megohms

POWER PENTODE

Miniature type used in output
stage of lightweight,compact, portable, 3 S4
battery-operated equipment. Outline

13, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket

and may be mounted in any position. Types 384 and 1S4 are identical except for
filament arrangement. Type 384 features a filament mid-tap so that tube may be
used either with a 1.4-volt battery supply or in series with other miniature tubes
having 0.050-ampere filaments. For filament considerations, refer to type 3V4 and
ELECTRON TUBE INSTALLATION SECTION.

Filament Arrangement Series Parallel
FILAMENT VOLTAGE (DC) . .. ..ot vvvinnnncnnsocns 2.8 1.4 volts
FILAMENT CURRENT. .. .ctvuivennonecvorssocnnnns 0.05 0.1 ampere
CLASS A; AMPLIFIER
Maximum Ratings: Series Parallel
PLATE VOLTAGE. . ... ...t ceuesnosnsssnnsancnne 90 mazx 90 mazx volts
GRID-NO. 2 (8CREEN) VOLTAGE. . ...00vevseacssas 67.56 max 67.5 max volts
TOTAL CATHODE CUBRENT. .. ...c0vveren [T 6.0# max 12 maz ma

# For each L.4-volt filament section.
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Typical Operation: Serice Parallel
quteVolf.nge .......... tereerrecsinsssssisaenes 8T.6 90 67.5 90 volts
Grid-No. 2 Voltage .............. vecrrecaneenes 87.5 67.56 67.6 67.6 volts
Grid-No. 1 (Control-Grid) Voltage. .............. =T -7 -7 -7 volts
Peak AF Grid-No. 1 Voltage........... ereeraan 7 7 7 7 volts
Zero-Signal Plate Current............. [ 6.0 6.1 7.2 7.4 ma
Zero-Signal Grid-No. 2 Current..,........... veee 1.2 1.1 1.5 1.4 ma
Plate Resistance, .......... 0.1 0.1 0.1 megohm
Transconductance....... e 1425 1550 1676 pmhos
Load Resistance........... 8000 65000 8000 ohms
Total Harmonic Distortion................ eees 13 10 12 per cent
Maximum-Signal Power Qutput............. ve.e. 160 235 180 270 mw
AVERAGE PLATE CHARACTERISTICS
TYPE 354 Ty i
E¢z14 VOLTS DC GRID-N22 VOLTS=67.5
B PARALLEL FILAMENT ARRANGEMENT
a
w
=20 o
a I
=]
3
5 / | — 5
3
S e - =1
z
é 10 r/ S EC)=-i
[ GRID-N21I VOLTS ECi=
Tio et
g \r -7
=8 > -8
&1 %
E T=~+—~—|_ Eci=0 Eci=-i0
& =
iz
— Ip =P
[ A0 80 120 160 200
PLATE VOLTS 92CM-61STT2

3V4

NC

POWER PENTODE

Miniature type used in output
stageof lightweight, compact, portable,
battery-operated equipment. Except
for terminal connections, types 3V4
and 3Q4 are identical. Both feature

filament mid-tap so that tubes may be used either with a 1.4-volt battery supply
or in series with other miniature tubes having 0.050-ampere filaments.

Filament Arrangement

FILAMENT VOLTAGE (DC). .
FILAMENT CURRENT. .. ...

DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No. 1 to Plate....
Grid No.1 to Filament, Grid No.2, and Grid Noe.3.........
Plate to Filament, Grid No.2, and Grid No.3...........

Maximum Ratings: Series Parallel
PLATE VOLTAGE. ... ...oivniiinnnsninnnn et 90 maz 90 max
GRID-NO. 2 (SCREEN) VOLTAGE. . . ..iivunnnunranncnnnnens 90 mazx 90 max
ToraL CATHODE CURRENT ........... e et 6# max 12 mazx
# For each 1.4-volt filament section.

Typical Operation: Series Parallet
Plate Voltage. ...............c... Ceiessstiisraaeaissaaes 90 85 90
Grid-No. 2 Voltage. . ................... e cnronansanens 90 85 90
Grid-No. 1 (Control-Grid) Voltage. ...................... -4.5 -5 -4.5

Series Paralled
.............................. 2.8 1.4
.............................. 0.05 0.1
.............................. 0.2
5.5
3.8

CLASS A, AMPLIFIER

volts
ampere

puf
ppf
puf

volts
volts
ma

volts
volts
volts
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Peak AF Grid-No. 1 Voltage. . .....covit viernnnnnnnnnnn 4.5 5 4.5 volts
Zero-Signal Plate Current. . . .....ovuiieeniiiennaennennn 7.7 6.9 9.5 ma
Zero-Signal Grid-No. 2 Current. ......cccvivrvinninanens 1.7 1.5 2.1 ma
Plate Resistance (APPrOX.). . .vveevneenennerevenonnnennns 0.12 0.12 0.1 megohm
Transconductance. ........vvvreenrsroocsrorasonoesonsns 2000 1975 2150 pmhos
Load Resistance. ...........ccoivieiiiiininenssuaunnnans 10000 10000 10000 ohms
Total Harmonic Distortion. .....covvviverinennennnrean 7 10 7 per cent
Maximum-Signal Power Output........cccovvvevennnnnans 240 250 270 mw

INSTALLATION AND APPLICATION

Type 3V4 requires miniature seven-contact socket and may be mounted in
any position. Outline 18, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With 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 filaments of similar tubes across a power supply con-
sisting of dry cells in series. In any case, the voltage across each 1.4-volt section of
filament should not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For
such operation, design adjustments should be made so that, with tubes of rated
characteristics operating with all electrode voltages applied and on a normal line
voltage of 117 volts or 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 center of 1.3 volts.

For series operation of the sections, a shunting resistor must be connected
across the section between the F- and Fpn, the filament mid-tap, to bypass any
cathode current in this section which is in excess of the rated maximum per section.
When other tubes in a series-filament arrangement contribute to the filament cur-
rent of the 3V4, an additional shunting resistor may be required across the entire
filament (F- to F4).

For series filament arrangement, filament voltage is applied between pins No.1
and No.7. For parallel filament arrangement, filament voltage is applied between
pin No.5 and pins No.l1 and No.7 connected together. Refer to ELECTRON
TUBE INSTALLATION SECTION for additional filament considerations.

In series filament arrangement, the grid-No.1 voltage is referred to F-. In
parallel filament arrangement, the grid-No.1 voltage is referred to Fy, the filament
mid-tap.

AVERAGE PLATE CHARACTERISTICS

o8

TYPE 3V4 i
Ef=1.4 VOLTS DC GRID-N22 VOLTS =90
- PARALLEL FILAMENT ARRANGEMENT
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FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
5 AZ4 equipment having moderate dc requirements.
Outline 20, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts, 5; am-
peres, 2. For maximum ratings, typical opera-
tion,and curves, refer toglass-octal type 5Y3-GT.
Type 5AZ4 is used principally for renewal pur-
poses,

FULL-WAVE VACUUM RECTIFIER for

Metal type used in power supply of radio

equipment having large dc requirements. Out~

5T4 line 7, OUTLINES SECTION. Tube requires
octal socket. Vertical tube mounting is pre- e
ferred but horizontal mounting is permissible if ¥ ‘
pins 2 and 8 are in vertical plane. Filament o o
volts (ac), 5.0; amperes, 2.0. This type is used s F
principally for renewal purposes.

Moximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGB, . ............ Ceeseenn vesesesaiisnneasssras 1550 max voltas
PrAK PLATE CURRENT ma
DC OutpuT CURRENT. . ma
Typical Operation:
Filler Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms) ..... o reesteaniaseaes 900 1100 volts
Filter-Input Capacitor. . .......ccoivveiiveiien.. e 4 - nf
Total Effective Plate-Supply Impedance Per Platef ............ 150 - ohms
Filter-Input Choke. .............ciiiiieieineernnnnns reae - 10 henries
DCOutput Current. . ... .....civeitiiiiiinecnreeseonnannns 225 226 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (1125 ma.)...........ovvvnnnnnns ... B30 465 volts

At full-load current (226 ma.) .............ccvvuu.n P 480 450 volts
Voltage Regulation (Approx.):

Half-load to full-load current. . ...........cccvivenneian.nn 50 15 volts

t When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.

Pp2
FULL-WAVE VACUUM RECTIFIER P°’
Glass octal type used in power
5 U4-G supply of radio equipment having high
de requirements. Outline 42, QUT- ‘
LINESSECTION. Tuberequiresoctal o

socket. Vertical mountmg is preferred
but horizontal mountmg is permissible if pins 1 and 4 are in vertlcal plane. The
coated filament is designed to operate from the ac line through a step-down trans-
former. The voltage at the filament terminals should be 5.0 volts under operating
conditions at an average line voltage of 117 volts, It is especially important that
this tube, like other power-handling tubes, be adequately ventilated. For discussion
of Rating Chart and Operation Characteristics, refer to type 6AX5-GT.

volts

FILAMENT VOLTAGE (AC) 4 st vuvuvirasercasrocossonssnescsssssesensesnes B,
3 amperes

FILAMENT CURRENT. « v cvreetoososonsssarssssanessonsssssssnansssssn
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Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . .. ... ittt iiiiitiittaennnnanans 1550 maz volts

PEAK PLATE CURRENT PER PLATE 675 mazx ma
HOT-SWITCHING TRANSIENT PLATE CURRENT

for duration of 0.2 second maximum. .. .......... ..o i, 2.35 maz amperes
Ac PLATE SUPPLY VOLTAGE PER PLATE (RMS) See Rating Chart
Dc OuTPUT CURRENT PER PLATE (RMS). .. ... ... iiiiviiieninnnnnn.. See Rating Chart

Typical Operation with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms)...........c.cvvuvunnns 900 1100 volts
Filter Input Capacitor*. ............ ... ...u. N 10 10 uf
Effective Plate-Supply Impedance Per Plate 170 230 ohms
DC Output Voltage at Input to Filter (Approx.):

At half-load current of 510 660 zg}tti

At full-load current of { 430 590 yoita
Voltage Regulation (Approx.):

Half-load to full-load current............ . 80 70 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)....... 900 1100 volts
Filter Input Choke. .. ...................... 10# 104 # henries
DC Output Voltage at Input to Filter (Approx.):

At half-load current of { 355 460 32{2‘:

~ 345 - volts

At full-load current of { = 440 volts
Voltage Regulation (Approx.):

Hali-load to full-load current. . .......c.vuverinnennninnannns 20 20 volts

* Higher values of capacitance than indicated may be used but the effective plate-supply impedance may
have to be increased to prevent exceeding the maximum rating for hot-switching transient plate current.

# This value is adequate to maintain optimum regulation in the region to tbe right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current
is not less than 36 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 45 ma. For load currents less than 45 ma, a larger value of inductance is required for
optimum regulation.

RATING CHART
TYPE5U4-G En=50vOLTS
P¥i% CAPACITOR OR CHOKE INPUT
NN CHOKE INPUT ONLY

Y
o

M
]

3

@
O

o
(=]

DC OUTPUT MILLIAMPERES PER PLATE
&
o

20|
o4
o 200 400 600 800
AC PLATE SUPPLY VOLTS (RMS)PER PLATE
92CM-7494T
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OPERATION CHARACTERISTICS T R
FULL - WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULLSA?AEIFE(AC‘IR%E‘I'E“’C’:QK@?:PEFY‘?‘(‘;]EETER
TYPE 5U4-G Ee= 50 VOLTS AC v -G =56 VOLTS
IR - INPUT CAPACITOR | C onEs OF INFINITE
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ADK = SEE RATING CHART
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DC LOAD MILLIAMPERES DC LOAD MILLIAMPERES
92CM - 7407 92CM-7496T
PDp
FULL-WAVE VACUUM RECTIFIER °'

Glass octal type used in power
5V4-G supply of radio equipment having high O,

de requirements. Outline 87; OUT- ¥ SN

LINESSECTION. Tuberequiresoctal OMIOH

socket and may be mounted in any nNe H
position. The heater is designed to operate from the ac line through a step-down
transformer. The voltage at the heater terminals should be 5.0 volts under operat-
ing conditions at an average line voltage of 117 volts. It is especially important
that this tube, like other power-handling tubes, be adequately ventilated.

HEATER VOLTAGE (AC) tvtvvvianiuvnsnnnnsssenenevanoansosons 5.0 volts
HEATER CURRENT. ......... Cerieeaiieae, ereas 2.0 amperes
Maximum Ratings: FULL-WAVE RECTIFIER
PEAK INVERSE PLATE VOLTAGE. . . ...ccvvuns 1400 maz volts
PeAK PLATE CURRENT PER PLATE....c.0u.s. . 525 max ma
DC OUTPUT CURRENT . . . v vvtvnesasnsosesnacennssenansosneren 175 maz ma
Typical Operation:

Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (rms) ............cco00ves 750 1000 volts
Filter-Input Capacitor. ... ......cieiuiruinenennsnns PP 8 - uf
Total Effective Plate-Supply Impedance per Plate*. ......... 100 - ohms
Min. Filter-Input Choke . ...... e etearieeaes Cereeenanen - 4 henries
DCOutput Current. .. . ...vvviiniivsnrenninens eenernane 175 176 ma
DC Output Voitage at Input to Filter (Approx.):

At half-load current (87.5 ma.)......... Ceecrareseraenne 455 425 volts

At full-load current (175 ma.)........ teseoransaresessan 415 416 volts
Voltage Regulation (Approx.):

Half-load to full-load current.......... PN Chinenees 40 10 volts

* When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.
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OPERATION CHARACTERISTICS

1 T T U
TYPE 5V4-G
E¢=5.0 VOLTS
== CHOKE(L) INPUT TO FILTER:
L =4 HENRIES (MIN.}
= 1CAPACITOR (C) INPUT TO FILTER: |
oee TOT.EFFECT. PLATE - SUPPLY
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FULL-WAVE VACUUM RECTIFIER
Metal type 6W4 and glass-octal type 5 W4~

PD, GT are used in power supply of radio equipment
having low de¢ requirements. Outlines 6 and 26, 5w 4
respectively, OUTLINES SECTION. Both

Pp2

types require octal socket. Filament volts (ac),
5.0; amperes, 1.5. Maximum ratings: peak in- 5w4 GT
e‘ verse plate volts, 1400 maz; peak plate ma., 300 -
o (®) maz; dc output ma., 100 maz. The 5W4 is a
F DISCONTINUED typelisted forreferenceonly.
Type 5W4-GT is used principally for renewal
purposes.

NC: 5W4-GT

NG Pp)

FULL-WAVE VACUUM RECTIFIER

o NC Glass octal type used in power supply of
radio equipment having large de requirements.

Outline 42, OUTLINES SECTION. Filament 5x4_G

volts, 5.0; amperes, 38.0. Except for basing ar-
Nc vo rangement, this type is identical with type
o 6U4-G. Type 5X4-G is used principally for

7

renewal purposes.

P FULL-WAVE VACUUM RECTIFIER
Glass octal types used in power 5Y3"G
supply of radio equipment having mod-
@) erate dc¢ requirements. Type 5Y3-G, 5Y3_GT
Outline 37; type 5Y3-GT, Outline 26,
OUTLINESSECTION. Tubesrequire
octal socket Vertlcal tube mountlng is preferred, but horizontal operation is per-
missible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Type 5Y3-G is
used principally for renewal purposes. For discussion of Rating Chart and Opera-
tion Characteristics, refer to type 6AX5-GT.

F

volts
amperes

FILAMENT VOLTAGE (AC) . . 5
FILAMENT CURRENT. ......... . teees 2
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Maximum Ratings: FULL-WAVE RECTIFIER

PEAX INVERSE PLATE VOLTAGE. .. .. .. ..0iiiiiiinianannas [N 1400 maz volts
PEAK PLATE CURRENT PER PLATE. . .. ..ottt iiiiiiiiinnninnanens 400 max ma
HOT-SWITCHING TRANSIENT PLATE CURRENT

For duration of 0.2 second maximum................ Ceserernesheaaas 2.2 max amperes
AC PLATE SUPPLY VOLTAGE PER PLATE (RMS). . .....0otveerevncennnnns See Rating Chart
Dc OUTPUT CURRENT PER PLATE (RMS). . ............c0v0.n [N See Rating Chart
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Capacitor*............ e 10 10 uf
Effective Plate-Supply Impedance Per Plate 50 140 ohms

DC Output Voltage at Input to Filter (Approx.):

62.5 ma 390 - volts
At half-load current of { 42 ma o 610 volts
] 125 ma . 350 ~ volts
At full-load current of { 84 oo o 560 volte
Voltage Regulation (Approx.):
Half-load to fuli-foad current............... 40 50 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Choke. ... ...........ccviuen... 10# 104# # henries
DC Output Voltage at Input to Filter (Approx.):
2 270 - volts
At half-load current of { ’ 405 volts
fuil-load t 245 - volts
At full-load current of { & 390 ichas
Voltage Regulation (Approx.):
Half-load to full-load current............... 25 16 volts

* Higher values of capacitance than indicated may be used but the effective plate supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current.

# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 35 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation.

# # This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load current is
not less than 50 ma. For load currents less than 50 ma, a larger value of inductance is required for
optimum regulation.

RATING CHART

OC OUTPUT MILLIAMPERES PER PLATE
' i "

AC PLATE SUPPLY VOLTS (RMS) PER PLATE
92CM-T396T
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OPERATION

CHARACTERISTICS

FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER

TYPE 5Y3-GT E£=50VOLTS AC TYPE 5Y3-GT  E ;=50 VOLTS AC
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92CM-7395T 92CM-7394T
NG POy FULL-WAVE VACUUM RECTIFIER
Glass octal type used in power supply of
PD2 radio equipment having moderate d¢ require-

ments. Outline 37, OUTLINES SECTION.
Tuberequires octal socket. Vertical tube mount-
ing is preferred, but horizontal mounting is per-
missible if pins 2 and 7 are in horizontal plane.
Filament volts (ac), 5.0; amperes, 2.0. For maxi-
mum ratings, typical operation, and curves,
refer to type 5Y3-GT. Type 5Y4-G is used
principally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
equipment having large de requirements. Out-
line 43, OUTLINES SECTION. Tube requires
four-contact socket. Vertical mounting is pre-
ferred but horizontal mounting is permissible if
pins 1 and 4 are in horizontal plane. Filament
volts (ac), 5.0; amperes, 3.0. For maximum
ratings, typical operation, and curves, refer to
type 5U4-G. Type 5Z3 is used principally for
renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Metal type used in power supply of radio
equipment having moderate dc requirementa.
Outline 6, OUTLINES SECTION. Tube re-
quires octal socket and may be mounted in any
pogition. Heater volts (ac), 5.0; amperes, 2.0.
Maximum ratings: peak inverse plate volts,
1400 mazx; peak plate ma. per plate, 375 maz.
Typical operation as full-wave rectifier with
capacitor-input filter: ac plate-to-plate supply
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volts (rms), 700; total effective plate-supply impedance per plate, 50 ohms; dc output ma., 125
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000; minimum filter-input
choke, b henries; dec output ma., 125.

6A3

6A4 /LA

6A6

6A7
6A7S

POWER TRIODE

Glass type used in output stage of radio re-
ceivers. Outline 43, OUTLINES SECTION.
Tube requires four-contact socket. Filament
volts (ac/dc), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. Type 6A3
is a DISCONTINUED type listed for reference
only.

POWER PENTODE

Glass type used in output stage of auto-
mobile receivers. Outline 38, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila-
ment volts (ac/dc), 6.3; amperes, 0.3. Typical
operation: plate and grid-No. 2 volts, 180 mazx;
grid-No. 1 volts, -12; plate ma., 22; grid-No. 2
ma., 3.9; plate resistance, 45500 ohms approx.;
transconductance, 2200 umhos; load resistance,
8000 ohms; cathode-bias resistor, 465 ohms;
output watts, 1.4. This is a DISCONTINUED
type listed for reference only.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper-
ated receivers as a class B power amplifier or
with units in parallel as a class A amplifier to
drive a 6A6 as class B amplifier. Outline 38,
OUTLINES SECTION. Tube requires medium
seven-contact (0.855-inch, pin-circle diameter)
socket. Filament volts (ac/dc), 6.3; amperes,
0.8. This type is electrically identical with type
6N7. Type 6A6 is a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER

Glass types used in superheterodyne ecir-
cuits. Outline 36, OUTLINES SECTION.
These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
for interelectrode capacitances, the 6A7 is iden-
tical electrically with type 6A8. Type 6A7S, now
DISCONTINUED, has the external shield con-
nected to cathode. In general, its electrical char-
acteristics are similar to those of the 6A7, but

O=A0),

F

G
()

the two types are usually not directly interchangeable. Type 6A7is used principally for renewal purposes.

6A8
6A8-G

6A8-GT

PENTAGRID CONVERTER

Metal type 6A8 and glass-octal types 6A8-
G and 6A8-GT used in superheterodyne circuits.
Types 6A8, Outline 4; type 6A8-G, Outline 35;
type 6A8-GT, Outline 24, OUTLINES SEC-
TION. These types are used principally for re-
newal purposes, All require octal socket. For
general discussion of pentagrid types, see Fre-
quency Conversion in ELECTRON TUBE AP-
PLICATIONS SECTION. For heater and
cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . s e vvcvnrssacsssossonesosoacsacsasssnsornasse

HeATER CURRENT.
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Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. . .0t tveneeinn e sineennneannassonsnniass Ceeerreranan 300 mazx
GRIDS-NO. 3-AND-NO. 5 (SCREEN) VOLTAGE. . ... t0vvevrennetananannnanns 100 max
GRIDS-NO. 3-AND-NO. 5 SUPPLY VOLTAGE . ... ....iviuieinnnrnnrnonnroans 300 mazx
GRID-NO. 2 (ANODE-GRID) VOLTAGE. .. s .t eivvtnrerrnrsennrtaosannnennas 200 maz
GRID-NO. 2 SUPPLY VOLTAGE . . . . ..vvittinnttisnerarnnasornenonnnsonss 300 mazx
GRID-NO. 4 (CONTROL-GRID) VOLTAGE, Positive Bias Value........... . 0 max
PLATE DISSIPATION, .. ... ... it iiieiiiiiiiinnninns . 1.0 max
GRIDS-N0.3-AND-N 0.5 INPUT. 0.3 max
GRID-NO.2 INPUT . ....... 0.75 mazx
ToTAL CATHODE CURRENT. . . ... 14 max
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . . 90 maz

Heater positive with respect to cathode. ..................... P 90 maz
Typical Operation:
Plate Voltage. . . ............. 100 250
Grids-No. 3-and-No. 5 Voltage e 50 100
Grid-No.2 Voltage. . ........ooiiiieinnnnennens 100 —
Grid-No. 2 Supply Voltage. . ... .....itiiiiiiiieenennnnne - 250%
Grid-No.4 Voltage. . ......... ... iiiiiiiiiiiniiinienn -1.5 -3
Grid-No. 1 (Oscﬂlator-Gnd) Resistor...........oooivinntn 50000 50000
Plate Resistance (Approx.)............. L. 0.6 0.36
Conversion Transconductance. ... ... ....cvviiiunnunn .. 360 650
Conversion Transconductance (Approx.) with control-grid bias

Of 20 VOIS, . ..ottt 3 -
Conversion Transconductance (Approx.) with control-grid bias

Of BB VOItB. . ..ot e e - 6
Plate Current. .. ... ... .ottt ittt 1.1 3.5
Grids-No. 3-and-No. 5 Current . ............coiivveninns 1.3 2.7
Grid-No.2 Current. ...... ...ttt ittt iiiiiiiaaanan 2 4
Grid-No. 1 Current. ...ttt iiiiieneenans 0.25 0.4
Total Cathode Current. . . ... ... ... .. i, 4.6 10.6

* Grid-No. 2 supply voltages in excess of 200 volts require use of 20000-ohm voltage-dropping resistor

bypassed by 0.1-uf capacitor.

HIGH-MU TRIODE
Miniature type used as cathode-
or oscillator at frequencies up to about

300 megacycles per second particular-
ly in television and FM receivers. Out-

drive amplifier, frequency converter, 6 AB 4

line 13 OUTLINES SECTION. Tube reqmres miniature sgven-contact socket and
may be mounted in any position. For maximum ratings, characteristics, and curves,
refer to type 12AT7. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC).......c0u.n St ecenaeeaer ittt eaee e

HEATER CURRENT. . .......cooviuuneavnnn, e ee ettt et

DIRECT INTERELECTRODE CAPACITANCES:
Grid to Plate. ... . ... . . i e i et i,
Grid to Cathode, Heater, and Internal Shield. .......................
Plate to Cathode, Heater, and Internal Shield.......................
Heater to Cathode. . ... ... ... . ... . i ittt
Plateto Cathode . ....... ... ... ... .. . . . ittt
Cathode to Grid, Heater, and Internal Shield........................
Plate to Grid, Heater, and Internal Shield................ccoveun...

<
M
e

=4
P‘U\'I\:NONH
NOopOOINOT e

Maximum Ratings: CLASS A; AMPLIFIER

GRID VOLTAGE, Negative Bias Value............. ... iiiiiiiinnnnnnn.. -50 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................... prreerienes 90 max
Heater positive with respect to cathode............ teetreaseeraeaan, 90 mazx

Characteristics:

Plate Voltage. . ........civiiiiniiin i iiiiiirenerannans 100 250

Internal Shield.................coiiiiiiiiiivns, ereaes Connected to ground
Cathode Resistor. .........c.coveiriireinierenneecnnennann 270 200

Amplification Factor.........covireiireinenreenenenaannns 60 60

Plate Resistance (Approx.)........cc.ciiiiianrcnnneearean. 15000 10900

Transconductance. .. ..........coviuiineirieirecanans - 4000 5500

Grid Bias (Approx.) for plate current of 10 ua. .. e -5 -12

Plate Current. ...oovvivviirinnniornnacennnes . 3.7 10

volts
ampere

puf
paf
paf
paf
upf
pul
uuf

volts
watts
volts

volts
volts

volts
ohms

ohms
pmhos
volts
ma
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ELECTRON-RAY TUBE

»

Glass type used to indicate visually by c

means of a fluorescent target the effects of a

change in a controlling voltage. It is used as a /
6AB5 convenient means of indicating accurate radio- e (3 o K

receiver tuning, Outline 31, OUTLINES SEC- g¢

6N 5 TION. Tube requires six-contact socket. For

heater and cathode considerations, refer to type ‘

6AV6. Heater volts (ac/d¢), 6.3; amperes, 0.15. o o

Ratings: plate-supply volts, 180 max; target H H

volts, 180 maxz, 125 min. This type is used
principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Metal type used in rf and if stages of pic-
ture amplifier of television receivers particularly
those employing automatic-gain control. Out-

6AB7 line 3, OUTLINES SECTION. Tube requires

octal socket. Heater volts (ac/de), 6.3; amperes,

0.45. Maximum ratings as class A: amplifier:

plate and grid-No. 2 supply volts, 300 mazx;

grid-No.2 volts, 200 maz; plate dissipation, 3.75

mazx watts; grid-No.2 input, 0.7 max watt. Typ-

ical operation: plate and grid-No.2 supply volts, 300; grid-No.3 volts, 0; grid-No.2 series

resistor, 30000 ohms; grid-No.1 volts, ~3; plate resistance (approx.), 0.7 megohm; transconductanee,

5000 umhos; grid-No.1 volts for transconductance of 50 umhos, —15; plate ma., 12.5; grid-No.2 ma., 3.2.
This type is used principally for renewal purposes.

G
HIGH-MU POWER TRIODE ©,
Glass octal type used in single-ended or P
push-pull audio-frequency power amplifiers of
6 AC 5—GT the direct-coupltd type in which a driver tube o
develops positive grid bias for the 6AC5-GT H N . /0 H
output stage. QOutline 23, OUTLINES SEC- o o
TION. This type may be supplied with pin No. » “

1 omitted. Tube requires octal socket. Heater
volts (ac/dc), 6.3; amperes, 0.4. Maximum ratings: plate volts, 250 maxz; peak plate ma. (per tube),
110 max; average plate dissipation, 10 max watts. This type is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Metal type used in tf and if stages

6 AC7 of picture amplifier and the first stages

of the video amplifier of television re-

ceivers. It is also used as a mixer or

oscillator tube in low-frequency appli-

cations. Outline 3, OUTLINES SECTION. Tube requires octal socket. When tube

is used as a high-gain audio amplifier, heater should be operated from a battery
source, For other heater considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) ¢ ittt et tae e iae e aeeenneeeaaannnns 6.3 volts
HEATER CURRENT . & oottt ittt ettt st et it e e ean e rnaeeeanns 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l1 to Plate. . . .. ... . . .. i i ittt iensnanns 0.015 mazx puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Shell, 11 uuf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Sheil. . ... 5 ppf
N
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ............, . 300 max volts
GRID-N0.2 (SCREEN) VOLTAGE. . . e See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. ... ..vvvvvnnceerns . 300 max volts
PLATE DISSIPATION. . ...ttt ittt it iininecneenraansanas eeerereeaen 3 mazx watts
GRID-No0.2 INPUT:
For grid-No.2 voltagesupto 150 volts. ... ............... edreceaans 0.4 max watt
For grid-No.2 voltages between 150 and 300 volts. ....... eeeaeans ‘e See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode .................. crssrseaans 90 mazx volts
Heater positive with respect to cathode .. .............. eeanan e 90 maz volts
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Typical Operation:
Plate Voltage. .. ... et eeeereeureanresanresaetanannn 300 300 volts
Grid-No. 3 Voltage . 0 0 volts

Grid-No. 2 Supply Voltage 150 300 # volts
Grid-No. 2 Series Resistor. . PN - 60000 ohms
Min. Cathode-Bias Resistor. . ... Ceieseiesiesecasiaraaanns 160 160 ohms
Plate Resistance (ADPDIOX.). .. vvvevroniorrosonsonannnnnnns 1 1 megohm
Transconductance............... eeees e reer s 9000 9000 umhos
Plate Current. ................ et e 10 10 ma
Grid-No. 2 Current. ... ..cvvitenerteereensoranseenernnns 2.5 2.5 ma
Maximum Circvit Valves:
Grid-No.1-Circuit Resistance: .
For cathode-bias operation with fixed grid-No.2 voltage .............. 0.25 maz megohm
For cathode-bias operation with grid-No.2 resistor .. ................. 0.50 mar megohm

# Grid-No.2 supply voltages in excess of 150 volts require use of a series dropping resistor to limit the
voltage at grid No. 2 to 150 volts when the plate current is at its normal value of 10 milliamperes.

ELECTRON-RAY TUBE

Glass octal type used to indicate visually,
by means of two shadows on the fluorescent tar-
get, the effects of changes in the controlling
voltages. It is a twin-indicator type and is used -
as a convenient means of indicating accurate 6AD6 G
radio-receiver tuning. Heater volts (ac/dc), 6.3;
amperes, 0.15. Maximum target volts, 150. This
is a DISCONTINUED type listed for reference
only.

TRIODE—POWER PENTODE

Glass octal type used in a push-pull ampli-
fier circuit in conjunction with type 6F6-G. Tri-
ode unit serves as phase inverter. Outline 37,
OUTLINES SECTION. Tube requires octal 6AD7-G
socket. Heater volts (ac/dc), 6.3; amperes, 0.85.
For typical operation of pentode unit, refer to
type 6F6-G. Maximum ratings of pentode unit
as class A; or push-pull class AB; amplifier: plate
volts, 375 maz; grid-No. 2 volts, 285 maz; plate
dissipation, 8.5 maz watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as class As
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt. This type is used principally for renewal

purposes.

G
S LOW-MU TRIODE
P Glass octal type used as class A1 amplifier
9 in ac/dc radio receivers. Outline 23, OUT-

LINES SECTION. Heater volts (ac/dc), 6.3; -
e ° amperes, 0.3. Maximum ratings as class A; am- 6AE5 GT
H \ . / n plifier: plate volts, 300 max; plate dissipation,
o 2.5 maz watts. This is a DISCONTINUED
L3

type listed for reference only.

TWIN-PLATE CONTROL TUBE

s Glass octal type used as a control tube for
° e twin-indicator type electron-ray tubes. Outline
33, OUTLINES SECTION. Contains two tri~
“’;g,: odes with different cutoff characteristics. If ave 6AE6-G
voltage is applied to the common control grid in
suitable circuit, one triode section operates on
a weak signals while the other operates on strong
signals. Heater voltage (ac/dc), 6.3; amperes,
0.15. This is a DISCONTINUED type listed
for reference only.

TWIN-INPUT TRIODE

Glass octal type used as a voltage amplifier
or as a driver for two type 6AC5-GT tubes in
dynamic-coupled, push-pull amplifiers. In the -
latter service, type 6AE7-GT replaces two tubes 6AE7 GT
ordinarily required as drivers. Outline 23, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.5. This is a DISCONTINUED type
listed for reference only.
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UHF OSCILLATOR TRIODE

Miniature type used as local os-
cillator in uh{f television receivers cov-
ering the frequency range of 470 to 890
megacycles per second. Outline 13,
OUTLINES SECTION.Tuberequires

6AF4

miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC)

HEATER CURRENT. . ...........c......

DIRECT INTERELECTRODE CAPACITANCES:
GridtoPlate. ..................
Grid to Cathode and Heater
Plate to Cathode and Heate|

Characteristics:

Plate Voltage. . .....................

Cathode-Bias Resistor. .. ................
Amplification Factor.......... .
Plate Resistance. . ...
Transconductance. .
Plate Current. . . ..

OSCILLATOR IN UHF TELEVISION RECEIVERS

Maximum Ratings:

DC PLATE VOLTAGE. . .. .vvvnvennnnenns e st
DC GRID VOLTAGE. . . ottt ittt it e ete et et raananeaneennnns
DC GRID CURRENT. . ...ttt it ittt e ieane s cie e aennnn.
PLATE INPUT. . ..ttt it ie it et a et ee e airannnn .

Heater negative with respect tocathode. .. .............covueeeinn...
Heater positive with respect to cathode..............ccovvuivnnnenn.

Typical Operation as Oscillator at 950 Mc:

DC Plate Voltage. . .. .vvvte ottt iee i iiaiteiie et e,
DC Grid Voltage. . .. ... ittt iinee et iieerinereinennenns

From a grid resistor of . . . ...... ... ... . i,
DC Plate CUITeNt. . . ...\ttt ttttneneranrraneeaninenaneennnanns
DC Grid Current (APProX.) . ... voitrentaiintirennnrrnensenrannnnens
Useful Power Output.................... .

Maximum Circuit Values:

Grid-Circuit Resistance:_
For fixed-bias operation. . . ...... ... ..ottt ittt
For cathode-bias operation. ...........c.coiiiiviiiiniiiiiinnnnnn.

150 mazx
~50 max
8 max
2.5 max
2.25 max
28 max

50 mazx
60 maz

volts
ampere

upf
upf
nuf

volts
ohms

ohms
umhos
ma

voits
volts
ma
watts
watts
ma

volts
volts

volts
volts
ohms

ua
mw

Not recommended
0.6 max megohm

* It is recommended that the heater be kept at cathode potential to minimize the effects of variation in

the heater-to-cathode capacitance between tubes.

AVERAGE PLATE CHARACTERISTICS

TYPE 6AF4
E¢=8.3VOLTS
L
o Tl e
3 ” / o
< *
3.l / o
3 y Q’
: A"
g / ) 7
L‘*\ A 2l
20 7 7 V b /V
Ry
/ / A / rail —
/( / \///" 25t e
1 44//‘ -
0 40 80 120 160 200 240
PLATE VOLTS 02CM-T756T
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“Cu * ELECTRON-RAY TUBE

S~ Glass octal type used to indicate visually,
(3) by means of two shadows on the fluorescent tar-
RCu2 get, the effects of changes in the controlling
e o voltages. It is a twin-indicator type and is used 6 AF6-G
) [ indicati
» \ . / 4 as a convenient means of indicating accurate

radio-receiver tuning. Outline 12, OUTLINES
o 0 SECTION. This type may be supplied with pin
" No.l1 omitted. Tube requires octal socket.
Heater volts (ac/dc), 6.3; amperes, 0.15. Rat-
ings: target volts, 250 max, 125 min; ray-control-electrode supply volts, 250 max; peak heater-cathode
volts, 90 maz. Typical operation: target volts, 250; target ma., 2.2; series resistor, 1 megohm; ray-control
electrode volts (approx. for 0° shadow angle), 160; ray-control electrode volts (approx. for 90° shadow
angle), 0.

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6AGS
up to 400 megacycles per second.
Outline 13, OUTLINES SECTION.
Tube requlres miniature seven-con-
tact socket and may be mounted in any position. The two cathode leads facilitate
isolation of the input and output circuits thus helping to minimize degeneration.
For heater and cathode considerations, refer to type 6AVS.

HEATER VOLTAGE (AC/DC) . . e ittt tvseniinne s s rnnnnnnneneeees seeeas 6.3 volts
HEATER CURRENT. . ... .. i.itiitiet it ineeireneeneensoneenss s 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. TtoPlate. . ...ttt aannns 0.030 max pif
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 upf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 1.8 ppi
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE .. ... . .i.iiiueeiinnennnionnrenaeerenneeennnnnn e 300 max volts
GRID-NO. 2 (8CREEN) VOLTAGE. . .4 vt uvverernunnrnernnnsansoenann RN See curve page 64
GRID-NO.2 BUPPLY VOLTAGE. v\ttt oittentenreneanssensereneennsnenns 300 mazx volts
PLATE DISSIPATION. .. ...\ttt iteeiittannreennreennsennnssnnas RN 2 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . .. ......c.coveirirrenerennns . 0.5 maz watt
For grid-No.2 voltages between 150 and 300 volts, ... ......oo0vvunn. . See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.................ccccuvun... . 90 max volts
Heater positive with respect to cathode........ N s 90 max volts

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
T

16 S
3 TYPE 6AGS
e T — 0.5 Eg=6.3 VOLTS
a t - CRID-N22 VOLTS =150
@ [}
£ ol
= —1.0
) —
2
z ]
’:“; |[| GRID-N21 VOLTS Eci==i.5
S af——=
g
&
3 =
Q :r\s_-xﬁz_..___.____..—-.-___E_';o_
D a 1 =2.5
I SN PR (P I, __.......-__-__',.';c’_o
b 2.0
[ 9 5——-_—-——-—-—————-——-——'_'—
=3.5
! =4.0
o 100 200 300 400 500 600
PLATE VOLTS 92CM=-6399T)
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Typical Operation:

Plate Voltage. . ........coivinnnnann e 100 125
Grid-No. 2 Voltage. ......oovvenrinnnnenennnn. 100 125
Cathode-Bias Resistor. . ...........c.co00een.. 180 100
Plate Resistance (Approx.).........c.c.veuvennn. 0.6 0.5
Transconductance . 4500 5100
Grid-No.1 Bias for plate current of 10 ua . ee ] —6
PlateCurrent................civuunns 4.5 7.2
Grid-No. 2 Current 1.4 2.1
Maximum Ratings (Triode Connection):*

PLATE VOLTAGE. . .....oiivtieiiinennnennas Cerenesesetanasiens
PLATE DISSIPATION. . ......ootieninnnnrranas heceersaes eeereaen
Typical Operation {Triode Connection):*

Plate Voltage. . . .......coiveiniinonaann, eteseenaenenens 180
Cathode-Bias Resistor............. . 330
Plate Resistance...... . 8000
Amplification Factor. 45
Transconductance. . . ... . 5700
Plate Current. .............c00vuus Ceesesaveaasesasenaans 7.0

*Grid No. 2 tied to plate.

POWER PENTODE

Metal type used in output stage of video
amplifier of television receivers. OQutline 6, OUT-
LINES SECTION. Tube requires octal socket.
Heater volts (ac/dc), 6.3; amperes, 0.65. Maxi-
mum ratings as class A1 video voltage amplifier:
plate volts, 300 maz; grid-No. 2 volts, 300 maz;
plate dissipation, 9.0 max watts; grid-No. 2
input, 1.5 max watts. Typical operation as a
class A1 amplifier: plate volts, 300; grid-No. 2

6AG7

250 volis
150 volts
180 ohms
0.8 megohm
5000 umhos
-8 volts
6.5 ma
2 ma
300 mazx volts
2.5 max watts
250 volts
820 ohms
10000 ohms
42
3800 umhos
5.5 ma

volts, 150; grid-No. 1 volts, -3; peak af grid-No. 1 volts, 3; zero-signal plate ma., 30; maximum-signal
plate ma., 30.5; zero-signal grid-No. 2 ma., 7; maximum-signal grid-No. 2 ma., 9; plate resistance,
130000 ohms; transconductance, 11000 umhos; load resistance 10000 chms; total harmonic distortion,

7 per cent; maximum-signal output watts, 3.

MEDIUM-MU TRIODE

Glass octal type having high per-
veance used as vertical deflection am-
plifier in television receivers. Qutline
22, OUTLINES SECTION. Tube re-
quires octalsocket and may bemounted
in any position.

6AH4-GT

HEATER VOLTAGE (AC/DC).......... et aretareta e ene PN
HEATER CURRENT, . .\ itcnt it ennnnsrnanrasnsssnnsonnnonns SRR
DIRECT INTERELECTRODE CAPACITANCES:

GridtoPlate. . . .. .. ... ... i i i it esees

Grid to Cathodeand Heater...............oviviiitiiiinnnieans ceen

Plate to Cathode and Heater. . ............ooivuiiiiiiin ey eveenn
Characteristics: CLASS A: AMPLIFIER
Plate Voltage. . .. ..iiiiiiiiiin ittt it iee e iiaarenans eeaes
Grid Voltage. . . ..ottt i it it it ittt i Ve
Plate CUITeD. ... ...ttt ittt it iiniiabiainenes e
Amplification Factor............cooiinriiiriiinneiinanrnnans Cearenas
Plate Resistance (ADPPIroX.) .. ... .cc.niiitiiiniinrinn i riaraons .
Transconductamee. . . .. . ... ..t .uiinitiearea it i
Grid Voltage for Plate Current of 5.0 ma. . ... ......c.c.viiiinennvnann
Grid Voltage for Plate Current of 0.5ua. ..........cciviiniiiinonans

VERTICAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, $0-frame system

DO PLATE VOLTAGE. . - ot ot eiiiin ettt tetearerer e inessnensnsns
PEAK POSITIVE-PULSE PLATE VOLTAGE # (Absolute mazimum). ............
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ......ovvvvnvrnnnrnnnns ereeees
CATHODE CURRENT:
Peak........ ...ttt e ettt ettt raaaeaaee Caes
LN e et Cevaes
PLATE DISSIPATION. ......... Ceirreerenen [N Nereeerseeatetaen

P
(5)
NC
@) “' (Dn
ORIO,
G L3
6.3 volts
0.75 ampere
4.4 pal
7.0 ppf
1.7 upf
256 volts
~23 volts
30 ma
8

1780 ohms
4500 pmhos
~33 volts
~40 volts
500 max volts
2000°mazx volts
~200 maz volts
180 max ma
60 max ma
7.6 maz watts
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . 200 maz volts
Heater positive with respect to cathode. .. ... P . 2008max volts
Maximum Circuit Valve {For maximum rated conditions):
Grid-Circuit Resistance:
For cathode-bias operation . ............. ...t iiiuriinnrnrnnnnnenns 2.2 max megohms

#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle, In a
6525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2. 5 milliseconds.

° Under no circumstances should this absolute value be exceeded.
a The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE
(5 Miniature type used in the inter- 6 AH 6

H
OO
H e ‘
‘ mediate-frequency stages of the pic-
) \_;'0 ture amplifier and the first stages of
the video amplifier of television re-
O ceivers. Outline 13, OUTLINES SEC-
TION. Tube requires miniature seven-contact socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ................ 0.45 ampere
DIRECT INTERELECTRODE CAPACITANC

Grid No.lto Plate. . ... ...ttt ittt ieeinacnennenneass 0.030 max ppf

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3............ 10 pupf

Plate to Cathode, Heater, Grid No.2, and Grid No.3.............. .. 2 ppf
Maximum Ratings: CLASS A; AMPUFIER
PLATE VOLTAGE. ........... 300 max volts
GRID-NO.2 (SCREEN) VOLTAG See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. 300 maz volts
PLATE DISSIPATION. ................0. . 3.2 maz watts
GRID-No.2 INPUT:

For grid-No.2 voltagesup to 150 volts. ... .............oovvvrunn. .. 0.4 maz watt

For grid-No.2 voltages between 150 and 300 volts. ................ .. See curve page 64
TOTAL CATHODE CURRENT. . . .. .. itiirivtnnnrennneesnnananenonna s 13 maz ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. veeees 90 max volts

Heater positive with respect to cathode. ........................... 90 maz volta
Typical Operation and Characteristics: CT'wd,e-. CPento‘d_e
Plate Voltage. . . ... ... it iiiiiiiiennenannnes 150 300 volta
Grid-No.3 (Suppressor). . ..........c.coiievrievnennnan, — Connected to cathode at socket
Grid-No.2 Voltage. . ...ttt iiitenrennnnnnnns - 150 volts
Cathode Resistor. ..............coiiiiiiiiiininin.., 160 160 ohms
Amplification Factor................................. 40 -
Plate Resistance (Approx.)............c.oovviiunnrennns 3600 500000 ohms
Transconductance. .. ..........coiiiiiiiiiniianannans 11000 9000 mhos
Grid-No.1 Bias (Approx.) for plate current of 10 ua. ..... =7 =7 volts
Plate Current. ......... ... ... ..ot i, 12.5 21(5) ma

.................................. - . ma

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if
amplifier especially in high-frequency 6AK5
wide-band applications. It is useful as
an amplifier at frequencies up to 400
megacycles per second. Outline 9,
OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be ‘r,nounted in any position. For heater and cathode considerations, refer to type
6AVS6.

HEATER VOLTAGE (AC/DC)............ e reeree e eeve eeen 6.3 volts
HEATER CURRENT. . ...ttt tintaree s eennnneeseanannnenniins 0.176 ampere
DiRECT INTERELECTRODE CAPACITANCES (Approx. With external shield):
Grid NO.1 £0 Plate, .. o v ottt e ee et ainennesnneennnnannnas . 0.02 max ppf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .. 4.0 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . ... .. 2.8 puuf
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Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ...\ .00ttt intinnntrnnenanncannenn Gesseseersasianns 180 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . .. . .00ttt ittineinnnairnrnnaannnnnnns . See curve page 64
GRID-NO.Z SUPPLY VOLTAGE. . . .« vt tttetineeat et eteensnernnannn 180 mazx volts
PLATE DISSIPATION. . .. ... ittt ittt et e iaiseennasnnaanns 1.7 maz watts
GRID-No.2 INPUT:
For grid-No.2 voltagesup to 90 volts. ... ................c.vuuru.nun . 0.5 max watt
For grid-No.2 voltages between 90 and 180 volts. . .. .................. See curve page 64
CATHODE CURRENT. . ..\ttt it tntenteeatenaaneensanearennaneanens 8 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............................. 90 max volts
Heater positive with respect to cathode . ................ccvouivu.n, 90 maz volts
Typical Operation and Characteristics:
Plate Voltage. ... ..ovvneniiein it iieie e ieeaneansnns 120 180 volts
Grid-No.2 Voltage. ..ot niiiiieenannnas 120 120 volts
Cathode-Bias Resistor®. . .. ...............ovvivirnnnnnnn. .. 180 180 ohms
Plate Resistance (APProX.) . . ... ..vuurunnrrnnneeinneennnsans .3 0.5 megohm
TransconduCtBNCE. . . ... .. ittt ittt e 5000 5100 wmhos
Grid-No.1 Bias for plate current of 10pa. .. .................. -8.5 -8.5 volts
Plate Current. ........ .. i e e e 7.5 1.7 ma
Grid-No.2 Current. .. .. ...t iiiiiiiiiiannnas 2.5 2.4 ma
* Fixed-bias operation is not recommended.
AVERAGE PLATE CHARACTERISTICS
" PENTODE CONNECTION _
I tvpe 6AKS |
Ep= 6.3 VOLTS .
a GRID-N22 VOLTS =120 GRID-NE!_YOLTS €CIZ
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PLATE VOLTS 92CM - 6504T
POWER PENTODE H P
Miniature type used in compact @) (5)

equipment as a power amplifier. Out-
6AK6 line 13, OUTL!NES SECTION. Tube
requires miniature seven-contact
socket and may be mounted in any
position. For heater and cathode con-

9‘(

53 \UQ

. . G
siderations, refer to type 6AVS6. !

HEATER VOLTAGE (AC/DC) e .o oiivnnenianenannnnnnnnensan 6.3 volts
HEATER CURRENT. . ..ot tittttinteinnineereesnnnennannn 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No. 1 to Plate. ... ...t ittt iannnnnnes .. 0.12 puul

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3............. 3.6 uul

Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. .............. 4.2 g

CLASS A, AMPLIFIER
. . Triode# Pentode

Maximum Ratings: Connection  Connection
PLATE VOLTAGE. ............. . 300 max 300 max volts
GRID No. 2 (S8CREEN) VOLTAGE . - 300 max volts
PLATE DISSIPATION. ................ e 3.5 max 2.76 max watts
GRID-No.2 INPUT............ - 0.75 max watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. 90 max 90 max volts

Heater positive with respect to cathode. . 90 max 90 max volts




RCA Receiving Tube Manual

. . Triode # Pentode
Typical Operation: C ti o 17
Plate Voltage. . . .. ........iiiiirinrinennnnann Cereeseaae. 180 180 volts
Grid No. 3 (Suppressor) ........ccenvevunnnnnas eieeeaan - Connected to cathode
at socket
Grid-No. 2 Voltage. . . ..ottt iii i iiieienaennnens - 180 volts
Grid-No. 1 Voltage .. .....ciieiniinnnrnennrennnennnenns -12 -9 volts
Peak AF Grid-No. 1 Voltage. .. ....coitviniinnneinnnennn. 12 9 volts
Zero-Signal Plate Current. .. .........coiiiiuiunnininnan. 12 15 ma
Zero-Signal Grid-No. 2 Current. . ... .........ccvovivnn.n.. - 2.5 ma
Plate Resistance. . ... ... .ottt i rinnannnas 0.0044 0.2 megohm
Amplification Factor. .........coouiiiiiiiiiieienennnnnnn, 9.3 -
Transconductance. .. ...........cieeeniiiiineennnannn.. 2100 2300 wmhos
Load Resistance. . ............covivuienn., e 12000 10000 ohms
Total Harmonic Distortion. ... .....covinivrrinreennrnnnn. 5 10 per cent
Maximum-Signal Power Qutput. ...........00uviunrnnnnans 0.26 1.1 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . .................... Ceraseeseerannresnanns 0.1 max megohm
For cathode-bias operation ...............c.0viiiiiiiiiiniinnnnnnn, 0.5 mazx megohm
# Grid No. 2 and grid No. 3 tied to plate.
AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
50| T T T T
TYPE 6AK6
E£=6.3 VOLTS .
GRID-N% 2 VOLT5 =180
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PLATE VOLTS

TWIN DIODE

Miniature, high-perveance type
used as detector in FM and television
circuits. It is especially useful as a
ratio detector in ac-operated FM re-
ceivers. Each diode section can be used

92CM-6450T

6ALS5

independently of the other, or the two sections can be combined in parallel or full-
wave arrangement. Resonant frequency of each unit is approximately 700 mega-
cycles per second. Outline 9, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For heater and cathode

considerations, refer to type 6AVS6.

HEATER VOLTAGE (AC/DC) .+ v v v vvveennnn eneeereaanann eveeen P
HEATER CURRENT . . .00 vttreeeiiraenerannnnncnenseronnns

DIRECT INTERELECTRODE CAPACITANCES:

Plate No. 1 to Cathode No. 1, Heater, and Internal Shield . .....,....
Plate No. 2 to Cathode No. 2, Heater, and Internal Shield ...........

Cathode No. 1 to Plate No. 1, Heater, and Internal Shield ............
Cathode No. 2 to Plate No. 2, Heater, and Internal Shield .. ..........
Plate No. 1 toPlate No. 2 ..................... et iaaen .
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Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . . v cuntiiveinnnenrnsonenarcosennnnans 330 max volts
PE4K PLATE CURRENT PER PLATE. ...t o vt vvetinivnnvvronornasnens .. 654 mazx ma
DC OUTPUT CURRENT PER PLATE. . .00 vviiiiiiiinnionnennanens RN . 9 max ma
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... e tneaeiiaa ieees 330 max volts
Heater positive with respect to cathode...... [ iresesnaaens 330 max volts
Typical Operation:
AC Plate Voltage per Plate (rms) ............... . 117 volts
Min. Total Effective Plate-Supply Impedance. ...... 300 ohms
DC Qutput Current per Plate. .........coviniveianenns hresannene 9 ma
AVERAGE. CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE
TYPEGALS
E¢=6.3 VOLTS
. o 14
A o
ES ?‘nﬁ “a
b o «
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I
25000'}
!
7 103900,; -
=40 30 -20 -0
OC VOLTS DEVELOPED BY DIODE
92CS5-6561T

ELECTRON-RAY TUBE

6 Al.7 G-l- Glass octal type used to indicate
- visually on a pair of rectangular fluo-
rescent patterns the effects of changes

in voltages applied to its grid and three

deflecting electrodes. It is especially

useful in meeting the requirements for accurate tuning in FM receivers, Outline 18,
OUTLINES SECTION. Tube requires octal socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC) . . ottt vintnenrnuennasnsnracacsnnn Ceeresnenae 6.3 volts
HEATER CURRENT. .. .......... e et araa, PPN 0.15 ampere
Maximum Ratings: INDICATOR SERVICE
365 mazx volts

TARGET VOLTAGE. .. c.ov vuunnnon R RAXITRTEETREETTTIN, POy volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode....... .. 90 maz volts

Heater positive with respect to cathode. .. 90 maz voits
Typical Operation:
Target Voltage..........ccoovvuiverenan Crrereeneereaes eeseneensess 315 volts
Deflecting-Electrode-No.1 Voltage. .. ......coiitiiiiiinrtinenrcncenas . [1} volts
Deflecting-Electrode-No.2 Voltage. .........c.ivviineenas esaesearaaae 0 volts
Deflecting-Electrode-No.3 Voltage............... et Ceiasass 0 volts
Cathode Resistor (APProX.). ... ..o vveriernnenrnenancnnnnns ereaeaa. .. 38300 ohms
Deflection Sensitivity (ADDProX.)#. « ot v vt iienvrerenneneennsonasnenn . 1 mm/volt
Grid Voltage for Fluorescence Cutoff (APProx.)*. ... ....ciivveunnivnnns . -6 volts

#For first millimeter of unbalance in FM application,
*The grid should be connected to the cathode when not used for fluorescence control,
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in color televi- 6AN8
sion receivers. The pentode unit is used
as an intermediate-frequency ampli-
fier, a video amplifier, an age amplifier,
or as a reactance tube. The triode unit is used in low-frequency oscillator, sync-
separator, sync-clipper, and phase-splitter circuits. Qutline 14, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) . <\« e ttttettitieeete s seeenannnannesnnsennnns 6.3 volts
HEATER ClURRENT. « . oo\ttt it tie e etannsetneesneesoaneesnensensnennns 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Gridto Plate. . ... ... i i it i i et 1.5 puf
Grid to Cathode and Heater.......... ... . ciiiiiiiinennnnnn.. 2.0 upf
Plate to Cathode and Heater...............cc.ivmuuinnnnnnn... 0.27 upf
Pentode Unit:
Grid No.lto Plate. ... ... ... ot it i, 0.04 max upf
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shieid. .. T uuf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield....... 2.3 uuf
Triode Grid to Pentode Plate. . . ... .........oiuunnnen e 0.005 unf
Pentode Grid No.1to Triode Plate. . .................coiviuieinnnnnnn.. 0.006 paf
Pentode Plate to Triode Plate. . .. ....oouui i i 0.045 upf
AMPLIFIER—CLASS A,
Maximum Ratings: Triode Unit Penlode Unit
PLATE VOLTAGE. . . ...t iiiiiie e iearennannnnnn 300 maz 300 maz volts
GRID-NO.2 SUPPLY VOLTAGE . . ... ......c0o00uuennannnnns - 300 maz volts
GRID-NO.2 (SCREEN) VOLTAGE .. ... ..cutvrieennnennnnnns - See curve page 64
GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . .........c0...... 0 mazx mazx volts
PLATE DISSIPATION . .. .. ... ...t iiiiiiiiiinanennans 2.5 max mar  watts
GRID-No.2 INPUT:
For grid-No.2 voltages up to 150 volts. . . . ............ - 0.5 maz watt
For grid-No.2 voltages between 150 and 300 volts. . .. .. - See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode e 200 mazx 200 maz volts
Heater positive with respect to eathode. .............. 200°maz 200 mazx volts
Typical Operation:
Plate Supply Voltage. . . ... ... ... ciiiiiiiinianniin 200 200 volts
Grid-No.2 Supply Voltage. ................coun... ce - 150 volts
Grid-No.1 Voltage. . ... ... .coviierieinnnnnnninnnn.. cae —6 - volts
Cathode-Bias Resistor. .. ..........o0viiiiiniennnnnnn. - 180 ohms
AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
40 .
TYPE 6ANS
Ef=6.3 VOLTS
GRID-N22 VOLTS =150
Ece=
39|
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& [ -0.5
w
w S
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J20 =2
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J
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-40
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Amplification Factor. . ........... ... .. i, 19
Plate Resistance (APProx.). . ... ...ouiririunnnnnrenannn, 5750
Transconductance. . . .............uuiiieiniiennrenaennn 3300
Grid-No.1 Bias (Approx.) for Plate Currentof 10ua ......... -19
PlateCurrent. .. ... ... oo it i iiiii e 13
Grid-No.2 Current. . ... .oieiviii ittt iiiieiannnnan, -
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:¥
For fixed-bias operation.......... et . 0.5 max
For cathode-bias operation. .. ....................... 1.0 max

°The dc component must not exceed 100 volts.

300000

ohms

6200 umhos
-8 volts
9.5 ma
2.8 ma

0.25 maxr megohm
1.0 maz megohm

*[f either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for both units

should not exceed the stated values.

AVERAGE PLATE CHARACTERISTICS

N TRIODE UNIT
“[ryre 6ANS
Eg=63 VOLTS
30 Py
: /|
T
3 7 5
H
= / / ”I7 N
ARVAIAN 04/,
il £, L7,
7o
A ///// ////// ’,';7
° to0 200 30I’OLATE VOLT; ° 500 92CM-8209T
H
BEAM POWER TUBE ®
Miniature type used as output ™ Oxi
6 A Q 5 amplifier primarily in automobile re- \
ceivers and in ac-operated receivers. « (3) (7)
Within its maximum ratings, the per- \Z‘/ o
formance of the 6AQ5 is equivalent to

that of larger types 6V6 and 6V6-GT.
For typical circuits employing type 6AQ5, both singly and in
CIRCUIT SECTION.

HRATER VOLTAGE (AC/DC)
HEATER CURRENT
DiRECT INTERELECTRODE CAPACITANCES (ADDrox.):
Grid No. 1toPlate. .. .......ouiuuiininet i i .
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3.............
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .................

CLASS A, AND CLASS AB; PUSH-PULL AMPLIFIER

Maximum Ratings:
PLATE VOLTAGE. ..... .
GRID-NO. 2 VOLTAGE. . . st s titienteeetenearnnnennseeennnnnnns .
PLATE DISSIPATION
GRID-NO.Z INPUT. . .. i ittt e ettt iernnannes
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.................00vveun.n N

Heater positive with respect to cathode...................ccov......

push-pull, refer to

6.3 volts
0.45 ampere
0.35 wuf

8.3 unf

8.2 uf

260 max volts

250 max volts

12 max watts

2 max watts
90 max volts
90 max volts
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Typical Operation:
Same as for type 6V6-GT within the limitations of the maximum ratings.

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ...... ... ... i i i 0.1 max megohm
For cathode-bias operation ... ......... ... ... ... ... .. ... PP 0.5 mar megohm

INSTALLATION AND APPLICATION

Type 6AQ5 requires a miniature seven-contact socket and may be mounted
in any position. Outline 16, QUTLINES SECTION.

When the heater is operated on ac with a transformer, the winding of the
transformer which supplies the heater circuit should operate the heater at the
recommended value for full-load operating conditions at average line voltage.
Under any condition of operation, the heater voltage should not be allowed to
vary more than 109, from the rated value. When the 6AQ5 is used in automobile
receivers, the heater terminals should be connected directly across the 6-volt battery.

Use of type 6AQ5 in a series string arrangement should be limited to tubes
with the same heater-current rating. If it is necessary to use the 6AQ5 in series
with tubes having different heater ratings, shunt resistors are required. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional heater consid-
erations.

The cathode of the 6AQ5 should preferably be connected directly to the
electrical mid-point of the heater circuit when the heater voltage is supplied from
a transformer. When the 6AQ5 is operated in receivers employing a 6-volt storage
battery for the heater supply, its cathode circuit is tied in either directly or through
bias resistors to the negative side of the dc plate supply which is furnished either
by the dc power line or the ac line through a rectifier. Under any circumstances,
the heater-cathode voltage should be kept within ratings. If the use of a large
resistor is necessary in some circuit designs, it should be bypassed by a suitable
filter network or objectionable hum may develop.

In all services, precautions should be taken to insure that the dissipation
rating is not exceeded with expected line-voltage variations, especially in the cases
of fixed-bias operation. When the push-pull connection is used, fixed-bias values
up to 109, of each typical screen voltage can be used without increasing distortion.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
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TWIN DIODE—HIGH-MU TRIODE

Miniature type used asa combined

6AQ6 detector, amplifier, and ave tube in

compact radio receivers. This type is

similar to metal type 6Q7 in many of

itselectrical characteristics. Qutline 13,

OUTLINES SECTION. Tube requires miniature seven-contact socket and may

be mounted in any position. For typical operation as resistance-coupled amplifier,

refer to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION. For
heater considerations, refer to type 6AV6.

HEATER VOLTAGE (AG/DC) . ...ttt et iiinnenrtisersasssanens ceee 6.3 volts
HEATER CURBENT. . ...ttt itiiiteeineeraniiirerresseansnnennse .. 0.16 ampere
DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):°®
Gridto Plate. . .. ... .. i i ittt i caeaa, . 1.8 uuf
Grid to Cathode and Heater. . . .........coevvierinenererronnnnnsone 1.7 puf
Plate to Cathode and Heater. ... ..........ioiiviiiiiininrernnnanns 1.6 ppuf
© With close-fitting shield connected to cathode.
TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE. . ...\ttt te et etaranneronaosesneens 300 max volts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode............covievrevnnnnnnns 90 max volts
Heater positive with respect tocathode. . ........iciivinvrennnenrees 90 mazx volts
Characteristics:
Plate Voltage. . . .. ..ot iiiiiiiiiiinenreeriananssessonns 100 260 volts
Grid Voltage. . .. .. ..ttt iiineenrinceesceanonnesnnns -1 -3 volts
Amplification Factor.........cooviiiniiieiiiinnronne. e 70 70
Plate Resistance. . ... ..vveiiiiiiicvinniionsotonssnnsannns 61000 58000 ohms
Transconduct8nee. . . ....ovuitiiririirieererstanrnensansen 1150 1200 pmhos
Plate Current. . ......ciiuitiiiiiietiierrtrenansnsonsannn 0.8 1.0 ma

DIODE UNITS

Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
Di%e biasing of the triode unit of the 6AQ6 is not suitable. For diode operation curves, refer to type
6AVE.

AVERAGE PLATE CHARACTERISTICS .
TRIQDE UNIT

T T
TYPE 6AQ6 r
Ep = 6.3 VOLTS °

w‘:l(
’ / / 7
E /| // // 7
¢: // ) /] / // 6,9/ _
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ANA LA A ]
o 700 200 300 ATE VoLt 00 % cech-sssit
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TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as FM detector and
audio amplifier in circuits which require diode
and triode units with separate cathodes. Out-
line 23, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.3. Ratings and characteristics of triode unit as
class A1 amplifier: plate volts, 250 maz; grid
volts, -2; amplification factor, 70; plate resist-
ance (approx.), 44000 ohms; transconductance,

6AQ7-GT

1600 xmhos; plate ma., 2.3, For typical operation as a resistance-coupled amplifier, refer to Chart 7, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal purposes.

teristic curves. Type 6ARS

Maximum Ratings:

PLATE VOLTAGE. ..............
GRID-NO.2 (SCREEN) VOLTAGE. .
PLATE DISSIPATION.......

POWER PENTODE

Miniature type used as output tube prima-
rily in automobile receivers and ac-operated re-
ceivers. Qutline 16, OUTLINES SECTION.
Tube requires miniature seven-contact socket
and may be mounted in any position. For heater
and cathode considerations, refer to miniature
type 6AQb. Within its maximum ratings, type
6ARS is equivalent in performance to glass-octal
type 6K6-GT. Refer to type 6K6-GT for charac-
is used principally for renewal purposes.

GRID-NO.2 INPUT. . ..ttt tttiiiiiiniiiinaenronenaanenns

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode.................. Cesecasans
Heater positive with respect to cathode......... eaeeena [

Typical Operation and Characteristics:

Plate Voltage. . ...........iitieiiiiniiiinennnrinas cerreees 250
Grid-No.2 Voltage. . . ........ccievivinnann. P veen 250
Grid-No.1 (Control-Grid) Voltage. .. ............... cerreee.s —16.5
Peak AF Grid-No.1 Voltage. ... ......c.coiivinerennnnnnnnn, 16.5
Zero-Signal Plate Current. ... ................ Cereeriscnnnen 34
Maximum-Signal Plate Current. . ...............cc0ul.. ees 35
Zero-Signal Grid-No.2 Current. ................ PP PPN 5.7
Maximum-Signal Grid-No.2 Current ...................... . 10
Plate Resistance (Approx.). v errea e [P 65000
Transconductance 2400
Load Resistance. ........ ... .. iiuiiiiiiiiiiennernnnnnnnns 7000
Total Harmonic Distortion
Maximum-Signal Power Output 3.2
Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. ........c..cvvuiinns “rececescasransnane

For cathode-bias operation .......ooneveeveeersan. teseesressssnans

BEAM POWER TUBE

Miniature type used as output
amplifier primarily in automobile and
in ac-operated receivers. Outline 16,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.
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250 maz
250 max
8.6 maz

90 maz
90 max

volts
ampere
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volts
watts
watts

volts
volts

volts
volts
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volts

ma

ohms
pmhos
ohms
per cent
watts

megohm
megohm
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For heater and cathode considerations, refer to type 6AQ5. For curves, refer to

type 35C5.
HEATER VOLTAGE (AC/DC) .« vevennnen erereees teceresesstesersssases 6.8
HEATER CURRENT. ... 0ottt innernnnnrenonnnesonnsanna teresrsiiaesse. 0.8
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
GridNo.ltoPlate. ... .. ..ceiitiiiiiiniinncnnnnen esesrerianiens 0.6
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. .. ............ 12
Plate to Cathode, Heater, Grid No.2, and Grid No.3...... feeaens cheees 9.0
Maximum Rafings: CLASS A; AMPLIFIER
PLATE VOLTAGE. ... .c0vnunann Crsensens teessesscterssvesesssasasesses 150 maz
GRID—NOZ(SCEEEN)VOLTAGE Peeesieaccintenaanenan vevescessscssssese 117 maz
PLATE DISSIPATION . . ..ottt iiiieeientonossncnsnncessnns veesiees bB.bmax
GRID-NOZ2INPUT .. .oiviiiiiinneiinnnnnnassnns R W (X (]

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. 90 mazx
Heater positive with respect to cathode........... . 90 max
BuLs TEMPERATURE (At hottest point on bulb surface)...... Creereseeneane 2560 mazx

Typical Operation:

Plate Voltage. .. ........ evenverena
Grid-No.2 Voltage. . . ............. ..
Grid-No.1 (Control-Grid) Voltage
Peak AF Grid-No.1 Voltage.........

Zero-Signal Plate Current. .........ooiiiiiieiiiiiniiaiiiereanenes
Maximum-Signal Plate Current. .. ... ........... e .

Zero-Signal Grid-No.2 Current (Approx.)..... 2
Maximum-Signal Grid-No.2 Current (Appro: . 6.5
Transconductance. . ...........ccivunnn . 5600
Load Resistance, . .... . 4500
Total Harmonic Distort; . 10
Maximum-Signal Power OQutput. . .............oivnnvinenns I 2.2

Maximum Circuit Values (For maximum rated conditions):
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ........... ... . .00, N

For cathode-bias operation ...........ooiiiiiiiininiienannas

DIODE—
SHARP-CUTOFF PENTODE

6 Ass Miniature type used in diversified
applications in television and radio re-
ceivers. The pentode unit is used as an
if amplifier, video amplifier, or agc
amplifier. The high-perveance diode is

volts
ampere

puf
upf
m

used as an audio detector, video detector, or dc restorer. Qutline 14, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position. For curve of average plate characteristics of pentode unit, see type

6ANS.
HEATER VOLTAGE (AC/DC) eees 6.3
HEATER CURRENT. . . ..ot.iiiiiiniinenennnsnn e 0.46

DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Diode Unit:

Plate to Cathode, Heater, and Internal Shield................ccovunn 3.0
Pentode Unit:

Grid No.1 to Plate 0.04 max

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7

Piate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2.2
Pentode Grid to Diode Plate. . . ... ... ... ... .. .. i i, 0.006 max
Pentode Plate to Diode Cathode. . . ....... .. ... ... ... . s 0.15 maz
Pentode Plate to Diode Plate. . . .......... ... . ... . i, 0.10 mazx
Maximum Ratings: PENTODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . . ...ttt iiiaettnnvraasecnnsaeroossosnnsans 300 max
GRID-NO.3 (SUPPRESSOR) VOLTAGE. . . .t o cviunnuruierroansenseracsannnns 0 max
GRID-No0.2 SUPPLY VOLTAGE. . .... 300 max

GRID-NO.2 (SCREEN) VOLTAGE. . ...
GrID-NoO.1 (cou'mox.-cmn) VOLTAGE

volts
ampere

See curve page 64

Positive bias value. 0 maz volts
PLATE DISSIPATION. . .....0.titiiinnutinenrennnsansacnn Ceieaes 2.5 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 150 volt8. .. ........covuvevnnnen Ciereene 0.5 maxr watt

For grid-No.2 voltages between 150 and 300 volts. ............ eveves See curve page 64
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................cooiviiiinn 200 mazx volts
Heater positive with respect to cathode. . ............c.coiiviviien 200°maz volts
Characteristics:
Plate Supply Voltage. . .. ... ... i i 200 volts
Grid No.3. . ... e Connected to cathode at socket
Grid-No.2 Supply Voltage. . ........ ... .. .. it 150 volts
Cathode-Bias Resistor. ... ... 180 ohms
Plate Resistance (Approx.). ohms
Transconductance. ... .... wmhos
Grid-No.1 Bias (Approx.) for plate current of 10 La volts
Plate Current. . . ma
Grid-No.2 Current. . 3 ma
Maximum Circuit Values {For maximum rated conditions):
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ... ... ... ... ... . .. ... i 0.25 max megohm
For cathode-bias operation. ... ... ... ... .. . ... .. ... ... iiricniennns 1.0 max megohm
° The de component must not exceed 100 volts.
Maximum Ratings: DIODE UNIT
PEAK INVERSE PLATE VOLTAGE. . . . ...ttt it vnnnaannses 330 mazx volts
PEAK PLATE CURRENT. . . ... ittt ittt eiieiniansanansns 50 max ma
DC PLATE CURRENT. . ... .\t itiiiieiinass s ainiienceennnanns 6 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ...............ccovviinnens 200 max volts
Heater positive with respect tocathode. .. ........cvviiiiieniennnne 200°max volts

© The de component must not exceed 100 volts.

TWIN DIODE--HIGH-MU TRIODE

Miniature type used as a com-
bined detector, amplifier, and ave tube 6AT6
in automobile and ac-operated radio
receivers. Outline 13, OUTLINES
SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation as
resistance-coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED AM-
PLIFIER SECTION. For heater considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC). s....... b ie et ie et ettt i, 6.8 volts
HEATER CURRENT. . ...t iiiintiniitaasasenossonassosnesoansannans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . ... ... ... ... iiiteiiiiiieeiiinennns 2.0 upf
Triode Grid to Cathode and Heater.. . 2.2 wuf
Triode Plate to Cathode and Heater. . 0.8 uuf
Plate of Diode Unit No.2 to Triode Grid. . .......................... 0.04 max upf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATEVOLTAGE. . ............... e e e e e e e 300 max volts
PLATE DISSIPATION. ... .. PR R I E R R R R RSP 0.5 maz watt
GRID VOLTAGE, Positive Bias Value. .. ............oooiviiiiiiiiiiine, 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..................oi iiiiie, 90 max volts
Heater positive with respect tocathode. ............ ..ol ., 90 max volts
Characteristics:
Plate Voltage. . .. ....itiiiiiieitierrnitrersanennssnsannnns 100 250 volts
Grid Voltage. . .. ... it iiieeiariniearannn e -1 -3 volts
Amplification Factor. . ... ... ..o viiiiiiiinvennannnnss 70 70
Plate Resistance. . . ....... ... .. ciiiiiiiiiiiiinniiniinnnn 54000 658000 ohms
Transconductance. .. .........coviiiiiiininieenanironnass 1300 1200 pmhos
PlateCurrent..............oooune. e 0.8 1.0 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (BACH UNIT). . ...ttt iiianneranasonnonnannnnesns 1.0 jmax ma

The two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
Each diode plate has its own base pin. For diode operation curves, refer to type 6A V6.
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AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T T
TYPE 6AT6

Ef26.3VOLTS by
"0

s 17
ay
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¥,
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| T

PLATE MILLIAMPERES

e

N

NN
\_
N

\ N\

A VA

° 100 200

300 400 500 600
PLATE VOLTS

92CM-060610T

TRIODE-PENTODE CONVERTER

6 AT 8 Miniature type used as combined
oscillator and mixer tube in television

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. Outline 14, OUTLINES

SECTION. Except for interelectrode capacitances and basing arrangement, this
type is identical with miniature type 6X8. The basing arrangement of the 6AT8
is particularly suitable for connection to the coils of certain designs of turret tuners.

DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Without With
Ezxternal Ezxternal
Shield Shield
Triode Unit:
Gridto Plate. . ... .. ... .. iiiiineiitrennreitiaanaana. 1.6 1.6 puf
Grid to Cathode and Heater. . ........co.uurvenennrnannnn 2.0 2.4 i
Plate to Cathode and Heater. ... ........cievennerennnn 0.45 0.9 uuf
Pentode Unit:
Grid No.ltoPlate. ... ... ... ... ....c.ouvunnen. 0.08 maz 0.06 mazx s
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No. .3 4.5 uuf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. 0.8 1.5 uuf
Pentode Grid No.l to Triode Plate. .. ................ ... 0.05 max 0.04 max puf
Pentode Plate to Triode Plate.............................. 0.05 max 0.007 max ppf
Heater to Cathode. . .......... ... . ... i iiininnnnnnns. 5.5 5.5 uuf
Pentode Unit Connected as Triode:*
GEA NOL €0 PIAte. . v ..o e ettt ieaeaeeens 1.3 1.25 uuf
Grid No.l1 to Cathode and Heater. ...................... 3.1 3.4 upd
Plate to Cathodeand Heater............................ 1.5 2.3 upd

* Grid No.3 connected to cathode; grid No.2 connected to plate.

HALF-WAVE
VACUUM RECTIFIER

Glass octal type used as a damper

6AU4—GT tube in horizontal-deflection circuits of

color television receivers and of tele-

vision receivers utilizing picture tubes

having wide-angle deflection. Outline

29, OUTLINES SECTION. Tube requires octal socket and may be mounted in any

position. This type may be supplied with pin No.1 omitted. It is especially impor-

tant that this tube, like other power-handling tubes, be adequately ventilated. For
curve of average plate characteristics, see page 61.
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HEATER VOLTAGE (AC/DC) . . o\ttt iit ittt aeiiienneneransaennsaan
HEATER CURRENT . . .00 t\iit it st tan et iee i teestnnerornsaaanenann
DirECT INTERELECTRODE CAPACITANCES (Approx.)
Plate to Heater and Cathode
Cathode to Heater and Plate . . .
Heater to Cathode. . . ... ... ... . i it iinraiinaes,

DAMPER SERVICE
For operation in a 525-line, 80-frame system
Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE (Absolute Maximum) ... ................
PEAK PLATE CURRENT. . . .. ...ttt intn eiin i enaeneaneeenanns
DC PLATE CURRENT . ..o ivt ittt ittt et iannses
PLATE DISSIPATION . .. .. ittt e e it v iee it iaunnans
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode (Absolute Mazimum) .........
Heater positive with respect to cathode. ... .................. cvneaee

° Under no circumstances should this absolute value be exceeded.
* The de component must not exceed 900 volts.
#The de component must not exceed 100 volts.

G303 BEAM POWER TUBE

Glass octal type used as horizon-

tal deflection amplifierinlow-cost, high-

efficiency deflection circuits of televi-
sion receivers employing either trans-
] G2 former coupling or direct coupling to

H

W= 3
oot 0w

4500°mazx
1050 mazx
175 max
6.0 max

4500°*mazx
300 # max

volts
ma
ma
watts

volts
volts

6AUS5-GT

the deflecting yoke. Outline 22, OUTLINES SECTION. Tube requires octal socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) < s vt e vee s eeiinecnriersnnsannssssssoacanaonns
HEATER CURRENT. . ... .ottt errnnoranasaccansas [ Ceereeniaes
DIRECT INTERELECTRODE CAPACITANCEE (Approx.):
Grid Nodl to Plate. . .. oottt iiis e eneervanes
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No 3., e
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. ...............
TRANSCONDUCTANCE# . . .. it iitr it rivaoanoanssereansusnansns
MU-FACTOR, Grid No.2 to Grid No.1t. . ... .. o
# For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, —20.
t For plate volts, 100; grid-No.2 volts, 100; grid-No.1 volts, —4.5.

HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings:
DC PLATE VOLTAGE. « 0 vttt aeoreetnne st nta v ass s iinentesnnenoanns
PEAK PoSITIVE-PULSE PLATE VOLTAGE* (Absolute Maximum) .............
PEAK NEGATIVE-PULSE PLATE VOLTAGE* . ... ... ... ... . ... c.0vuininuna,
DC GRID-NO.2 (SCREEN) VOLTAGET. . . .. ... .o, ..
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ... ...
CATHODE CURRENT:
Peak,........coooiiiiiiii
D

GRID-NO.2 INPUT, . ......... ... e
PLATE DISSIPATIONTT . ... i i i i i it c e iiv e vanns
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode................ ... .. ... vene
Heater positive with respect tocathode. . ........... ... oo,
BuLB TEMPERATURE (At hottest point)................c.ooviienane, “en

Maximum Circuit Valve:
Grid-No.1-Circuit Resistance. . ... ...ttt iiicniiniiaarsonrsnnns

550 mazx
5500°max
-1250 maz
200 mazx
-300 mazx

400 mazx
110 maz

10 max
200 mazx

2008max
210 maz

0.47 mazx

volts
amperes

pul
pud
puf
umhos

volts
volts
volts
volts
volts

ma
ma
watts
watts

volts
volts
°C

megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

° Under no circumstances should this absolute value be exceeded.

t Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2

input to the rated maximum value.

{{An adequate bias resistor or other means is required to protect the tube in the absence of excitation.

aThe de component must not exceed 100 volts.
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AVERAGE PLATE CHARACTERISTICS

lf
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=T T
TYPE 6AUS-GT
Ef=6.3 VOLTS
|” GRID-N2i VOLTS =0
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voLT

s Ec23100

PLATE MILLIAMPERES

GRIDZNE

78

100

VAR A

\

50

6AU6

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . . ......iiuninirnrrnnranrnnnnnns

Maximum Ratings:

PLATE VOLTAGE. ................. e
GRID-N0.2 (SCREEN) VOLTAGE
GRID-N0.2 SUPPLY VOLTAGE

PLATE DiSSIPATION
GrID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts
For grid-No.2 voltages between 150 and 300 volts

200

300 400
PLATE VOLTS

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf amplifier es-
pecially in high-frequency, wide-band
applications. It is also used as a limiter
tube in FM equipment. Outline 13,
OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For a discussion of limiters, refer to ELECTRON
TWUBE APPLICATIONS SECTION. For typical operation as resistance-coupled
amplifier, refer to Chart 8, RESISTANCE-COUPLED AMPLIFIER SECTION.
For heater and cathode considerations, refer to type 6A V8.

CLASS A; AMPLIFIER

GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value
Positive bias value

Heater negative with respect to cathode.................

Heater positive with respect to cathode

Typical Operation (Pentode Connection):

Plate Voltage. .. ... ....... .iiiiiivniinnnn,
Grid No.3 (Suppreasor)
Grid-No.2 Voltage. . ..........................

100

®
>
:;53 }’_‘4'0

92CM~ 7355T

(©°?

Gy

.......... 6.3 volts
.......... 0.3 ampere
0.00356 max nuf
5.5 g
5.0 uuf
Triodet Pentode
C 1 Ci t

250 mazx 300 ;max volts

- See curve page 64
- 300 max volts
3.2 max 3 max watts
0.65 max watt

.......... See curve page 64
50 max 50 max volts
0 max 0 max volts
90 max 90 max volts
90 max 90 max volts
250 250 volts

Connected to cathode at socket

100 125 150 volts
100 68 ohms
1.5 1.0 megohms
4500 5200 usmhos
-5.5 -6.6 volts
7.6 10.6 ma
3.0 4.3 ma

Cathode Resistor . ...........0ovetinnnnnnen.. 150
Plate Resistance (ApPprox.).........c.cc.uvve... 0.5
Transconductance. . . ............uuinuuunan.,. 3900
Grid-No.1 Bias for plate current of 10 pa........ 4.2
Plate Current. .........ovvviiuiiinnenerennns, 5.0
Grid-No.2Current . ................ [P . 2.1
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Typical Operation (Triode Connection):f

Plate Voltage.......... Ceirearee i Cireatetesrenieieseaasanonn 250
Cathode Resistor. ....... [ 330
Amplification Factor............... 36
Plate ResiBtance. .. . ... oiiiiiirrniiirienreisinrersesaancrrneansnonann 7600
Transconductance. . ........oovvevnnirennons et et . 4800
PlateCurrent. ..........ccoiiiiiiiineinenaoes it et . 12,2
1 Grid No. 2 and grid No. 3 tied to plate.
AVERAGE PLATE CHARACTERISTICS
" . . PENTODE CONNECTION
© TYPE 6AUB

- Ef = €.3VOLTS

© |- GRID-N22 vOLTS = 100

E, GRID-N23 VOLTS =0

H

e

2 Eci=0

N 1o

g =

51/

z o ~0.8

[=]

g |1/

5 GRID-N#1 VOLTS ECi=-1.0

[ N

) 1 €C|=0

E’ a A -lc2 Cl

sl =2

5

a Ib =2.0 !

-2.5
1-3:0
100 T 200 300 200 500 600
PLATE VOLTS 92CM-661ITE

vision receivers employing either trans-
S Y former coupling or direct coupling to
' 2 the deflecting yoke. Outline 22 or 23,

3
23 BEAM POWER TUBE
l . Glass octa! type psed. as a
e\w /o horizontal deflection amplifier in tele-
OO

6AV5-GT

OUTLINES SECTION. Tube requires octal socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC) .
HEATER CURRENT. . . ... .ttt itiainirasasinncnnrnoanannons

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3...... .

Plate to Cathode, Heater, Grid No.2, and Grid No.3............ [
TRANBCONDUCTANCEX. . . .\ .\ ht ittt et eerannnsnnerarieeanas ves
MU FACTOR, Grid No.2 to Grid No.1¥. . .. ... ... ...ooiiiviiven.n veee

* Plate volts, 250; grid-No.2 volts, 160; grid-No.1 volts, -22.5.
** Triode connected; plate and grid-No.2 velts, 150; grid-No.1 volts, -22.5.

HORIZONTAL DEFLECTION AMPLIFIER
Maximum Ratings: For operation in a 525-line, 80-frame system
DO PLATE VOLTAGE. « . ottt ttot vttt ceeinaeiianaenenstrnreennssane
PEAK POSITIVE-PULSE PLATE VOLTAGE { (Absolute mazimum .
PEAK NEGATIVE-PULSE PLATE VOLTAGE?
DC GRID-NO.2 (SCREEN) VOLTAGE . . ..« v.vvnviinsrennnnan .
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE}. ... ...00uen
CATHODE CURRENT:

B ) S PP Ceeeaae [

C.ooovvviinn e e
GRID-NO2 INPUT. s e vt eveveiiiinannnnnnnnns ereeeaes
PLATE DISSIPATIONTY. .. .............covenn. RPN PN
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...........oivivivvninrenans

Heater positive with respect tocathode. ........c.c.ciiiiviiiinennnn,
BULB TEMPERATURE (At hottest point)........... Cereeenas

123

volts
amperes

uuf

.
wmi

volts
volts
volts
volts
volts

ma

watts
watts

volts
volts
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Maximum Circuit Value {(For maximum rated conditions):

Grid-No.1 Circuit Resistance. . . ... ... ... ... .ot teenrnrerinunnnnnnn 0.47 max megohm
1 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cyecle is 10 microseconds.

© Under no circumstances should this absolute value be exceeded.

11 An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
u The de component must not exceed 100 volts.

TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined
6AV6 detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted
directly for the 6AT6 in applications
where the higher amplification of the 6AV6 is advantageous.

HEATER VOLTAGE (AC/DC) .t v v v v viiinieieiieenninnnnees e eraaes 6.3 volts
HEATER CURBENT. . o0t sivirnnncnaronesrionconneanssss B N 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . . .. ......ccoviiurinrtnninsnnnnroonensnnan 2.0 uul
Triode Grid to Cathode and Heater. . ........................ PR 2.2 unf
Triode Plate to Cathode and Heater. . .................iv e, 0.8 uuf
Diode No.2 Plate to Triode Grid. .. .......c.ciiiiirirrerrncnnennns v 0,04 max fm
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE, ..... 8 tes et tes e aaraas e, 300 max volts
GRID VOLTAGE, Positive Bias Value...............000vuunnn Ceeeiseceanas 0 max volts
PLATE DISSIPATION. ... ...ttt ittt rasnonnsasnasnnnsns veieresnsnes 0.6 max watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ............... eeraiearaeeane 90 max volts
Heater positive with respecttocathode. . ........oiiiviieiiiinnrnirnas 90 mazx volts
Characteristics:
Plate Voltage. 100 250 volts
Grid Voltage...... -1 -2 volts
Amplification Factor 100 100
Plate Resistance 80000 62500 ohms
Transconductan: 1250 1600 pmhos
PlateCurrent. ......cvevevverens eeeen e, 0.50 1.2 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (Each Unit). . ... ... .. i i iiiiinainnns 1.0 max ma

The two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not recommended.

INSTALLATION AND APPLICATION ,S/S5iSt D00, COmucTenancs, .
ype requires miniature seven- T L
contact socket and may be mounted in any Tvre 64V6 E"G'sv'vo":i 60
position. Outline 13, OUTLINES SECTION. —— i
When the heater is operated on ac with —r 140
a transformer, the winding of the transformer \o
which supplies the heater circuit should oper- \", 120
ate the heater at the recommended value for 3 !
full-load operating conditions at average line g \ o‘é‘
voltage. Under any condition of operation, $] S
the heater voltage should not be allowed to 5 o &
rise more than 109, above the rated value. Z 3 soz
When the 6AV6 is used in automobile re- %% z
ceivers, the heater terminals should be con- 5 eor
nected directly across a 6-volt battery. z ¢
In receivers that employ a series-heater & ’ 40
connection, the heater of the 6AV6 may be 4
operated in series with the heater of other / e \ 20
types having the same heater-current rating. n
The current in the heater circuit of the 6AV6 4 / e .,
should be adjusted to the rated value for the DC VOLTS DEVELORED BY DIODE
normal supply voltage. Referto ELECTRON 92CM-6875T

TUBE INSTALLATION SECTION, Filamen and Heater Power Supply, for
a discussion of arrangement of heaters in series-heater or “string”’ connection.
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The cathode of the 6AV6 when operated from a transformer should preferably
be connected directly to the electrical mid-point of the heater circuit. When oper-
ated in receivers employing a 6-volt storage battery for the heater supply, the
cathode circuit is tied in either directly or through bias resistors to the negative
side of the dc plate supply which is furnished either by the dc power line or the
ac line through a rectifier. In circuits where the cathode is not connected directly
to the heater, such as in a series-heater connection, the voltage difference between
the heater and cathode should be kept within the tube ratings. If the use of a large
resistor is necessary between the heater and cathode in some circuit designs, it
should be bypassed by a suitable filter network or objectionable hum may develop.

The triode unit of the 6AV6 is recommended for use only in resistance-coupled
circuits. Refer to the RESISTANCE-COUPLED AMPLIFIER SECTION, Chart
20 for typical operating conditions.

Grid bias for the triode unit of the 6AV6 may be obtained from a fixed source,
such as a fixed-voltage tap on the dc power supply, or from a eathode-bias resistor.
It should not be obtained by the diode-biasing method because of the probability
of plate-current cutoff, even with relatively small signal voltages applied to the
diode circuit.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

TYPE 6AV6E
E¢ = 6.3VOLTS

W

&
VP
ot

300 400
PLATE VOLTS $2CM-0879T

PLATE MILLIAMPERES

HALF-WAVE VACUUM
RECTIFIER

Glass octal type used as a damper
tube in horizontal deflection circuits of 6AX4"GT
television receivers. Outline 22, OUT-
LINES SECTION. This type may be
supplied with pin No.1 omitted. Tube
requires octal socket and may be mounted in any position. It is especially important

that this tube, like other power-handling tubes, be adequately ventilated. For
curve of average plate characteristics, see page 61.

HEATER VOLTAGE (AC/DC) . oottt it ittt iie i ineeesnsesnsssnesonnassnas 6.3 volts
HEATER CURRENT. . ..\ttt ittt teerecnninesnsennnesansesnaessnnn 1.2 amperes
Maximum Ratings: DAMPER SERVICE
PEAK INVERSE PLATE VOLTAGE. . . ... .ttt it iaer e eiarresennnnnens 4000 max volts
PEAK PLATE CURRENT. . . ... ..ot iiiieniinnaannnn, .e 600 max ma
HOT-SWITCHING TRANSIENT PLATE CURRENT:

For duration of 0.2 8econd max. ... .....civvuiriiiirinrarenennnnnn 3.0 max amperes
DC PLATE CURRENT. . ..o vttt tntittenniineeersoaesonaanssonasssnne 126 max ma
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... Cetetsesnnnecanns .. 4000®maz volts
Heater positive with regpect to eathode. ... ...........covevuuennas .. 100 mazx volte

& The d¢ component must not exceed 900 volts,

L))

FULL-WAVE VACUUM RECTIFIER P02 (9

6 AX 5 GT {}la?s :)i(i:tal type use};i ip powgr
- supply of radio equipment having mod-
erate de requirements. The heater of H o‘/ Du
this tube can be operated from the OMIO
same transformer winding that sup- NC K
plies other 6.3-volt tubes in the receiver. In addition, because its heater-cathode
construction gives the same heating time as that of other heater-cathode types in
the receiver, use of the 6AX5-GT prevents excessive voltages from appearing
across filter capacitors during warmup, and, as a result, permits the use of electro-
lytic filter capacitors having lower peak voltage ratings than required for a filament-~
type rectifier tube.

HEATER VOLTAGE (AC) .+ evvveranennsnnns PN ... 6.8 volts
HEATER CURRENT. . .....000uunnn et e eatei e it et e 1.2 amperes

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . .« .ottt et taireennernnseennnesannenas 1250 maz volts

PEAK PLATE CURRENT PER PLATE 375 maz ma
HoT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. . .........c.ooiveennrrnnennnnnnnns 2.6 maz amperes
AC PLATE SUPPLY VOLTAGE PER PLATE (RMS) . . . .ot uvrereeenennnnaeras See Rating Chart
DC OurpUT CURRENT PER PLATE (RMS)............. e teetteaae e, See Rating Chart
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode..........coiviiveinnereennnn.. 450 max volts
Heater positive with respect to cathode. . .........c.cvvvvurnuevvunnn... 450 max volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)....... 700 900 volts
Filter Input Capacitor®. . ... ... .. .....itirererenennnnnnnn 10 10 uf
Effective Plate-Supply Impedance Per Plate 50 105 ohms
DC Output Voltage at Input to Filter (Approx.):
62.5ma .............. reeeieeaee 396 - volts
At halt-load current of {6Z, 808 -0 - 540 volts
126ma ...ttt 350 - volts
At full-load current of | 1Z8108 oo - 490 volts
Voltage Regulation (Approx.):
Half-load to fulldoad current. ................ P 1] 50 volts
Typical Operation with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms).......... ceriieeneses 100 900 volts
Filter Input Choke. .. ......... ... ... ...ccoiiivunnann veenseess  10# 104 # henries
DC Output Voltage at Input to Filter (Approx.):
b 270 - volts
At half-load current of { 62. - 366 volta
250 volts
At full-load current of { . 350 volts
Voltage Regulation (Approx.):
Half-load to fulldoad current...........c.ciuvvivnnnnnnnns 20 16 volts

* Higher values of capacitance than indicated may be used but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate
current,

# This value i3 adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 80 ma. For load currents less than 30 ma, a larger value of inductance is required for
optimum regulation.

# # Thig value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS With Choke Input to Filter, provided the load current is
not less than 35 ma. For load currents less than 35 ma, a larger value of inductance is required for
optimum regulation.
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INSTALLATION AND APPLICATION

Type 6AX5-GT requires an octal socket and may be mounted in any position.
Outline 22, OUTLINES SECTION. This type may be supplied with pin No.1
omitted. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated.

The Rating Chart presents graphically the relationships between maximum
ac voltage input and maximum dc output current derived from the fundamental
ratings for conditions of capacitor-input and choke-input filters. This graphical
presentation provides for considerable latitude in choice of operating conditions.

The Operation Characteristics for a full-wave rectifier with capacitor-input
filter show by means of boundary line “ADK”" the limiting current and voltage
relationships presented in the Rating Chart.

The Operation Characteristics for a full-wave rectifier with choke-input filter
not only show by means of boundary line “CEK” the limiting current and voltage
relationships presented in the Rating Chart, but also give information as to the
effect on regulation of various sizes of chokes. The solid-line curves show the dec
voltage outputs which would be obtained if the filter chokes had infinite induct-
ance. The long-dash lines radiating from the zero position are boundary lines for
various sizes of chokes as indicated. The intersection of one of these lines with a
solid-line curve indicates the point on the curve at which the choke no longer be-
haves as though it had infinite inductance. To the left of the choke boundary line,
the regulation curves depart from the solid-line curves as shown by the representa-
tive short-dash regulation curves.

RATING CHART
1 T T 1
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(3
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0 100 20 300 400 500
AC PLATE SUPPLY VOLTS (RMS)PER PLATE
92CM-7383T
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CHARACTERISTICS

FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
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POWER TRIODE

Glass octal type used in output stage of
radio receivers and amplifiers. Outline 42, OUT-
LINES SECTION. Tube requires octal socket
and may be mounted in any position. For in-
stallation and application information, and
typical operation as a single-tube class A am-
plifier, refer to type 2A3. Filament volts (ac/dc),
6.3; amperes, 1.0. Maximum ratings as push-
pull clags AB: amplifier: plate volts, 325; plate dissipation, 15 watts. Typ
for renewal purposes.

6B4-G

PUSH-PULL CLASS AB, AMPLIFIER
Typical Operation (Values are for Two Tubes):

Plate Voltage. .................. 325
Grid Voltage*......... -68
Cathode-Bias Resistor -

Plate Current. ................................. 80
Effective Load Resistance (Plate-to~plate) 3000
Total Harmonic Distortion................. 2.5
Power QutpUt. . . ... i e e e 15

* Grid voltage referred to mid-point of ac-operated filament.

DIRECT-COUPLED POWER TRIODE

Glass type used as class A; power amplifier.
One triode, the driver, is directly connected
within the tube to the second, or output, triode.
Outline 38, OUTLINES SECTION. Tube re-
quires six-contact socket. Heater volts (ac/dc),
6.3; amperes, 0.8. Characteristies of input and
output triodes as class A: amplifier follow. Input
triode: plate volts, 300 maz; grid volts, 0; plate

6B5

Fixed Bias

(o

(-
P NC

FEA 7 s
OMO,
NC NC
e 6B4-G is used principally

NC

Cathode Bias
3 volts
~ volts
850 ohms
80 ma
5000 ohms
5 per cent
10 watts

ma., 8. Output triode: plate volts, 300 maz; plate ma., 45; piate resistance, 24000 ohms; load resistance,
7000 ohms; output watts, 4. This is a DISCONTINUED type listed for reference only.
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TWIN-DIODE—HIGH-MU TRIODE

Glasa octal type used as combined detector,
amplifier, and ave tube. Outline 35, OUT-
LINES SECTION. Tube requires octal socket.
Heater volts (ac/dc), 6.3; amperes, 0.3. Within
its triode maximum plate-voltage rating of 260 686"6
volts, this type is similar electrically to type
6SQ7 and curves under that type apply to the
6B6-G. This is a DISCONTINUED type
listed for reference only.

TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Glass types used as combined detector, am-
plifier, and ave tubes. Outline 36, OUTLINES 6B7
SECTION. These types fit the small seven-con-

tact (0.75-inch, pin-circle diameter) socket. Ex- 6875

cept for interelectrode capacitances, the elec-

trica! characteristics of the 6B7 are identical

with those of type 6B8-G. Type 6B7S has the

external shield connected to the cathode. In

general, its electrical characteristics are similar to those of the 6B7, but the two types are usually not
directly interchangeable. These are DISCONTINUED types listed for reference only.

Poz For TWIN-DIODE—

REMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G
are used as combined detector, amplifier, and 688
avce tubes. Outlines 4 and 35, respectively,
OUTLINES SECTION. Type 6B8 is used
principally for renewal purposes; 6B8-G is a 688-6
DISCONTINUED type listed for reference
Gap only. Tubes require octal socket. Type 6B8-G

requires complete shielding of detector circuits.

5:6B8
NC:668-C
Heater volts (ac/de¢), 6.3; amperes, 0.3. Maximum ratings of pentode unit as class A: amplifier: plate
volts, 300 max; grid-No.2 (screen) volts, 125 max; grid-No.2 supply volts, 300 max; grid-No.1 volts,
0 min; plate dissipation, 3.0 max watts (6B8), 2.25 mar watts (6B8-G); grid-No.2 input, 0.3 mar watt.
For typical operation as a resistance-coupled amplifier, refer to Chart 5, RESISTANCE-COUPLED
AMPLIFIER SECTION.

REMOTE-CUTOFF PENTODE

H
( Miniature type used as rf ampli-
‘ fier in standard broadcast and FM re- 6B A6
03 n ceivers, as well as in wide-band, high-
frequency applications. This type is
] similar in performance to metal type

6SG7. The low value of grid-No.l-to-plate capacitance minimizes regeneratlve
effects, while the high transconductance makes possible high signal-to-noise ratio.

HEATER VOLTAGE (AC/DC) . ..ottt i itiiie i iinneinanesnnennnernnnonanass 6.3 volts
HEATER CURRENT. . .\ ottt tee et i iaetan i vreiaaanaanennasanns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l to Plate. . . ... ... .. .. i i ittt ianeaeaaen 0.0035 max ppf

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.5 puf

Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield.. 5.0 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE . . ..o\ttt trttneecunannioarsaiasonesssneeaneesnnssnns 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. ... .....tt ot ittontanraarnnenosonsossens See curve page 64
GRID-NO.2 SUPPLY VOLTAGE, . . ..ot iiivt it ernerrnnseonaanansasens . 300 max volts
PLATE DIBSIPATION. .. ... ... i iiiiiiiiiinainanns e PP 3 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 1580 volts. . .. ...... .. ... ... i 0.6 max watt

For grid-No.2 voltages between 150 and 300 volts. . . ................. See curve page 64
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negativebias value. . ... ..................... i aeeean 50 max volts

Positive bias value. . .. ... ... .. .. .. i ittt .. 0 maz volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...........coovivivinnninns . 90 max volts

Heater positive with respect tocathode. . ............cciiievnrienans 90 max volts
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Typical Operation:

Plate Voltage 100 2560 volts
Grid No.3 (Suppressor) . .. Connected to cathode at socket

Grid-No.2 Voltage....... P 100 volts
Cathode-Bias Resistor. . ..... . 68 68 ohms
Plate Resistance (APProX.}. ... ..cvceeiiunernrerennnnnnnns 0.25 1.0 megohm
Transconductance. . ... ... ...t iiineenniunannanana, 4300 4400 pmhos
Grid-No.1 Bias (Approx ) for transconductance of 40 umhos.. -20 -20 volta
PlateCurrent. .. ... ... .. oitniiii it iiriiiiinanennnnn 10.8 11 ma
Grid-No.2Z CUIrent. . .. .ottt iiiiiie e inieeninnnnnnas 4.4 4.2 ma

INSTALLATION AND APPLICATION

Type 6BAS6 requires miniature seven-contact socket and may be mounted in
any position. Outline 13, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6AV6.

Control-grid bias variation will be found effective in changing the volume of
the receiver. In order to obtain adequate volume control, an available grid-No.1-
bias voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage, from a variable cathode-bias resistor, from the ave system, or from a
combination of these methods.

The grid-No. 2 (screen) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6BA6, however, because grid No.3 prac-
tically removes these effects, it is practical to obtain grid-No.2 voltage through a
series-dropping resistor from the plate supply or from some high intermediate
voltage, provided the source does not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 current and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 voltage from a higher voltage supply necessitates the use of the variable
cathode-resistor method of controlling volume in order to prevent too high a volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote ‘‘cutoff’’ advantage of the 6BA6 can be fully realized. How-
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have

AVERAGE PLATE CHARACTERISTICS

-
IS TYPE 6BAG
By Eg = 6.3 VOLTS
GRID-N% 2 VOLTS = 100
GRID-N? 3 VOLTS = 0

-2

/]
i |
ulfx\fz — EC1=0
/
/
'/

-3

GRID-N*! VOLTS Ecj=-4
-5

-7

PLATE (1) OR GRID-N*2 (1¢2) MILLIAMPERES

-15
T ﬂ%
(] 100 200 300 400

L1
PLATE vOLTS 02CM-6009T
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an effect on the change in plate resistance with variation in grid-No.3 (suppressor)
voltage in case grid No.3 is utilized for control purposes.

Grid No. 3 (suppressor) may be connected directly to the cathode or it may
be made negative with respect to the cathode. For the latter condition, the grid-
No.3 voltage may be obtained from a potentiometer or bleeder circuit, or from
the ave system.

PENTAGRID CONVERTER

Miniature type used as converter
in superheterodyne circuits especially 6BA7
those for the FM broadcast band. Out-

line 17, OUTLINES SECTION. Tube

requires noval nine-contact socket and

may be mounted in any position. Its characteristics are similar to those of metal
type 6SB7-Y. For heater and cathode considerations, refer to type 6AV8.

HEATER VOLTAGE (AC/DC) ... .c.vvivavnanss- eees e 6.3 - volts
HEATER CURRENT . ., ... c.uittuneinnonartasasnosronsansonsns Cereee 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to All Other Electrodes (RF Input)................. vee 9.6 upf
Plate to All Other Electrodes (Mixer Output)........... Cereiiee 8.3 nouf
Grid No.1 to All Other Electrodes (Oscillator Input)........ Ceeanas 6.7 nuuf
GridNo3toPlate...............ooviviini i, e . 0.19 maz puf
Grid No.1 to Grid No.3. .......... ety teeriecaaaan 0.1 maz put
Grid No.lto Plate. . ... ..oiiiiiiiiiiiiiieiiiiiiiiaiiieenenaans 0.06 max naf
Grid No.1 to All Other Electrodes Except Cathode 8.4 nuf
Grid No.ltoCathode. ., .............ccoiiiiuiinennnn .. 8.3 puf
Cathode to All Other Electrodes Except Grid No.l1......... Creeaes 4.0 uuf
Moximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. .. ... . i itiiiiineiiiienniaaieiaeanas eseess 300 maz volts
GRID-NO.5-AND-INTERNAL-SHIELD VOLTAGEA . .......covvcanavnnonn e 0 max volts
GRIDS-N0.2-AND-NO.4 (SCREEN) VOLTAGE. . ... .........0.... 100 maz volts
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE. .. ........cvvnerunns vee. 800 max volts
PLATE DISSIPATION, .. ..ttt iititenetanecsnnsssnsaennossnnssnnsenns 2.0 max watts
1.5 maz watts
TOTAL CATHODE CURRENT 22 max ma
GRID-N0.3 VOLTAGE:
Negative bias value. ... 100 max volts
Positive bias value . ........ ceeese . 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.........ccovveveeaninennse 90 maz volts
Heater positive with respect tocathode...........civieveeeennnaen 90 max volts
Characteristics {Separate Excitation):*
Plate Voltage . . ......ovvneevnunns e Ceveresssnasannes 100 250 volts
Grid No.5 and Internal ShieldA ........... Cvereresetannaaaas Connected directly to ground
Grids-No.2-and-No.4 (Screen) Voltage . . ................ . 100 100 volts
Grid-No.3 (Control-Grid) Voltage . .... . -1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor . .. . .. 20000 20000 ohms
Plate Resistance (APProX.) . ... .....civerrrnearsnnsaisnnnnns 0.5 1.0 megohm
Conversion Transconductance..........oocveuieerurennnennns 900 950 pmhos
Conversion Transconductance (Approx.)*.................... 3.6 3.5 pmhos
Plate Current . .. ...ovvnvienereranerannrrenserrneiannnnns 3.6 3.8 ma
Grids-No 2-and-No.4 Current . 10.2 10 ma
Grid-No.1 Current .. .... Cees 0.35 0.35 ma
Total Cathode Current...............cciiiviiiiiiiniiinna, 14.2 14.2 ma

NOTE: The tranaconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
lating) is approximately 8000 umhos under the following conditions: signal applied to grid No.l at zero
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions, the
plate current is 32 milliamperes, and the amplification factor is 16.5.

*The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

*#*With grid-No.3 bias of —20 volts.

Alnternal Shield (pine No.6 and No.8) connected directly to ground.
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UHF MEDIUM-MU TRIODE

Miniature type used as an rf am-

6BC 4 plifier in the cathode-drive circuits of

uhf television tuners covering the fre-

quency range of 470 to 890 megacycles

per second. Outline 10, OUTLINES

SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) . . o\ ot ittt eteee nteeaee e eie e e ae s 6.3 volts
HEATER CURRENT. . ... ..ttt tt ettt e caa e, 0.225 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
GridtoPlate. .. ... ... ... 1.6 nupf
Grid to Heater and Cathode. ................... ... .............. 2.9 pupf
Plate to Heater and Cathode............ .. ... ... ................. 0.26 puf
Heater to Cathode..... ... ... 2.7 muuf

Maximum Ratings:
PLATE VOLTAGE. . . ... 0t tittt ittt an et e et e, 250 max volts

PLATE DISSIPATION . . 2.6 max watts
CATHODE CURRENT 25 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ........................... 75 max volts
Heater positive with respect to cathode. . ........................... 76 max volts
Characteristics:
Plate Supply Voltage. .. ........... oo i 150 volts
Cathode-Bias Resistor. . ...................oiiiiiuniiinnen ... 100 ohms
Amplification Factor. ... .......... ... ... .. ... ... 48
Plate Resistance. . .. ........ ... .. ... ... . . ... 4800 ohms
TranseondUctance. . . ......oou et in i 10000 pmhos
Grid Bias (Approx.) for plate current of 10 pa. . .. .. ........... ... ..... -10 volts
Plate Current. . ...ttt it 14.5 ma
Maximum Circuit Value (For maximum rated conditions):
Grid-Circuit Resistance:
For fixed-bias operation. .................. ... .. . ... ... .. ... ..., Not recommended
For cathode-bias operation...................................... .. 0.5 max megohm

TYPE 6BC4 b
Ef=6.3 VOLTS h'
2 by
‘ S
FAW.BFr
ar
: AV.Rvinan
.3;._.. // / // ;7
1 ©
: )4 , § L/ /_
) AV.SViY, A
A A 1/ A ,/,//,é/&“
A1 N A 041 ==
o oo ruzvrg vOLTS 200 92:»:—:2417
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SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6BC5

at frequencies up to 400 megacycles

per second. Qutline 13, OUTLINES

SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position. Except for a slightly
higher transconductance, this type is similar electrically to type 6AGS5. Heater
volts (ac/dc), 6.3; amperes, 0.3. For heater and cathode considerations, refer to
type 6AV6.

TRIPLE DIODE

Miniature type containing three
high-perveance diode units in one en- 6BC7
velope used in dc restorer circuits of

color television receivers. Also used in

AM /FM radio receivers as 2 combina-

tion FM discriminator and AM detector tube. OQutline 14, OUTLINES SECTION.
Tube requires nine-contact miniature socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .« o\ v ettt ittt eee et i ean e iieeannn 6.3 volts
HEATER CURRENT. . ...\ttt iiee ettt aatiiiiat ettt s 0.450 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate No.1 to Cathode No.l, Heater, and Internal Shield.............. 3.5 uuf
Plate No.2 to Cathode No.2, Heater, and Internal Shield.............. 5.5 puf
Plate No.3 to Cathode No.3, Heater, and Internal Shield.......... .... 3.5 ppf
Maximum Ratings (Each Diode Unit):
PEAK INVERSE PLATE VOLTAGE. . . .. ..ottt intiaeiinennennens 300 mazx volts
PEAK PLATE CURRENT®. . . . ... ... ... e i 54 mazx ma
DC OUTPUT CURRENT. . . . ..ottt iiiininneie e, 12 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toeathode. ............................ 200 max volts
Heater positive with respect tocathode. .. .......................... 200 max volts

* In rectifier service, the minimum total effective plate-supply impedance per plate is 560 ohms.

SHARP-CUTOFF BEAM TRIODE

Glass octal types used for the 6BD4
voltage regulation of high-voltage,
low-current dc power supplies in color 6B D4-A
television receivers. Outline 32, QUT-
LINES SECTION. Tubes require oc-
tal socket and may be mounted in any position. Type 6BD4, which is a DISCON-
TINUED type listed for reference only, has a maximum dc plate voltage of 20000
volts, 2 maximum unregulated dc supply voltage of 40000 volts, and a maximum
plate dissipation of 20 watts.

HEATER VOLTAGE (ACG/DC) . .ot tiietiiie e iieeitinranannasnaenaarenennns 6.3 volts
HEATER CURRENT. . ... ... iutiinnttianonssonrasosnenocnnornscassenenns 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid to Plate 1.0 puf
Grid to Cathode and Heater. 3.8 puf
Plate to Cathode and Heater. 0.04 max puf
AMPLIFICATION FACTOR . . . .. .ottt iiiiii it ia e iancaanaes 1650
Maximum Ratings: 6BD4-A
DCPLATE VOLTAGE, . . ...t vvininnrnrirornaansnnnssons 27000 max volts
TUNREGULATED DC SUPPLY VOLTAGE. . .. ... vvvurienniarsosasss vereseses  BBOOO max volts
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GRID VOLTAGE:

DC Value......... F e eeaeeeretuaeeareesaanerroensanntesacrrastnas -125 max volts
Peak Value............ tetteacecetcetetenreonnetacisarretcssrnona ~560 mazx volts
DC PLATE CURRBNT. ...........- e teviesecaeoreettasotooretastooas .o 1.5 max ma
PLATE DISSIPATION. ................. 25 maz watts

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..... eesectaierenccaicnnsannn 180 max volts
180 max volts

Heater positive with respect to cathode. ... ..vvvvererrrreneennnnnns

Maximum Circuit Value:
Grid-Circuit Resistance:

‘With unregulated supply having an equivalent resistance of at least 8

MEZORIIS. . o ottt e e e e e 4%maxr megohms
* Thi.?J value must be reduced if the equivalent resistance of the unregulated supply is less than 8
megohms,
AVERAGE TRANSFER
CHARACTERISTI

TYPE 6BDA-A
- Ef=6.3 VOUTS
SiN 28
31 s »
4 {9, 2.0
o I8
5 % S |.5§
AL 5
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v ,/ / sfos @
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GRID VOLTS
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REMOTE-CUTOFF PENTODE @ o2
H
Miniature type used as rf or if 9‘ (©

6BD6 amplifier in radio receivers. This type o e‘\_‘l' oy

is similar in performance to metal type o2

6SK7. Outline 13, OUTLINES SEC- ®

TION. Tube reqmres miniature seven- G
contact socket and may be mounted in any position. For heater considerations,
refer to type 6AVS6.

HEATER VOLTAGE (AC/DC). ... cvnvruuunns et bae et e vee 6.3 volts
HBATER CURRENT. . ... .o.viiinnnnnan s e es et e, 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid NO.L to Plate. . . .. oottt iiiiiiaeenaineerrarrrannnnns 0.005 max uul
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.. 4.3 upf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 5.0 nuf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ..ottt ttre et tnnernuaroeosronsesoosonsnnasnnnas volta
GRID-N0.2 (8CREEN) VOLTAGE volts
PLATE DISSIPATION. ... .. e watts
GRID-NOZ INPUT. . .ot itiiiietiieearenenearonteaearoaraanans [ watt
TOTAL CATHODE CURRENT, . . ..ttt .titivrinneennoennssnnncsensas eeerean 14 max ma
PEAXK HEATER-CATHODE VOLTAGE: )
Heater megative with respect tocathode. . ...........c.civivienninnnn. 90 max volts
Heater positive with respect to cathode. . ... .............coiiaean.n Cee 90 max volts
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Typical Operation:

Plate Voltage. . ......covvveenninann eeenean veeees 100 126 260 volts
Grid-No.3 (SUDPPressor). . ... ..vvuuviirnnrerunsonnneenns Connected to cathode at socket
Grid-No.2 Voltage. .........cooiviiiniinnennnenss 100 126 100 volts
Grid-No.1 (Control-Grid) Voltage................. -1 -3 -3 volts
Plate Resistance (APProX.). . oo . oovnrrvvrnvansess 0.156 0.18 0.8 megohm
Trangsconductance. .. ........c.c.vouueess PN . 256560 2350 2000 pmhos
Grid-No.1 Bias (Approx.) for

transconductance of 10 umhos. .......... wrresss —35 —45 ~35 volts
Plate Current. . ...........ciiiiiiiiiieiieinnnea, 13 13 9 ma
Grid-No.2 Current............c... erereeanas .. 5 5 3 ma

H
R . PENTAGRID CONVERTER
" O Miniature type used as converter
\ ‘ in superheterodyne circuits in both the 6B E6
=

8@ Dy standard broadcast and FM bands.The
0 6BE6 is similar in performance to
Gi metal type 6SA7. For general discus-

sion of pentagrid types, see Frequency Conversion in ELECTRON TUBE AP-
PLICATION SECTION.

HEATER VOLTAGE (AC/DC) . .\ vv vt erannneeeeeesasaannnnnnneneeeens 6.3 volts
HEATER CURRENT. . .. o\tttttttteetareatrennennaneoeananeannenons 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES
Without With
External " Euxternal
Shield Shield

Grid No3toPlate. ...............cccivvvnnnnnn. 0.30 mazx 0.25 mar puf

Grid No.3to Grid No.1...............covuunnnnn.. 0.15 max 0,15 max puf

Grid No.l1toPlate. .. ...........cccovvivineninnn.. 0.10 max 0.05 max puf

Grid No.3 to All Other Electrodes. ................. 7.0 maz 7.0 max nuf

Grid No.1 to All Other Electrodes. . ................ 5.5 max 5.5 max puf

Plate to All Other Electrodes . . .................... 8.0 13.0 puf

Grid No.1 to Cathode and Grid No.5. .. ............ 3.0 3.0 unf

Cathode and Grid No.b to All Other Electrodes except

Grid No.l. ... i e e e 15.0 20.0 unuf

Maximum R atings: CONVERTER SERVICE
PLATE VOLTAGE. . ..\ttt ittt tiniiiiaitsieeoratsoanansannss . 300 max Yolts
GRIDS-N0.2-AND-N0.4 (BCREEN) VOLTAGE. . . .. ...0uuiiiieenrnnnnnnnennan 100 maz volts
GRIDS-NO0.2-AND-N0.4 SUPPLY VOLTAGE. . . ... vetttiriraneenrnnnroncnras 300 maz volts
PLATE DISSIPATION 1.0 max wmtt
GRIDS-NO 2-AND-No.4 INPUT 1.0 max watt
TOoTAL CATHODE CURRENT 14 mazx ma
GRID-N0.3 VOLTAGE:

Negativebias value. . . ... .. i it i i cine v 50 max volts

Positive bias value. .. ... ... ... . i i ‘e 0 max volts
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect toecathode. . ...................ccines. 90 maz volts

Heater positive with respect to cathode. . .......ccovivininnnnenrnn. . 90 max volts
Typical Operation (Separate Excitation):*
Plate Voltage. . ..................... e 100 2560 volts
Grida-No.2-and-No.4 (Screen) Voltage. . . e 100 100 volts
Grid-No.1 (Oscillator-Grid) Voltage (rms). .. ............... 10 10 volts
Grid-No.3 (Control-Grid) Voltage.............coveuunnn,.. -1.6 -1.5 volts
Grid-No.l (Oscillator-Grid) Resistor. . .........00evunvunan. 20000 20000 ohms
Plate Resistance (Approx.). ............. e 0.4 1.0 megohm
Conversion Transconductance. ................oieuivunnnn 455 475 pmhos
Grid-No. 3 Voltage for conversion transconductance of 10 umhos -30 -30 volts
Plate Current ............ .ttt rinaneanses 2.6 2.9 ma
Grids-No.2-and-No.4d Current. . .......covviiiieennnnnnnn 7.0 6.8 ma
Grid-No.1 Current. . . .......ooiiiiiiiiiin i nnnnnnnn 0.5 0.5 ma
Total Cathode Current. . .............cviirivriiniieeennn 10.1 10.2 ma

Note: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oscil-
Iating) is approximately 7250 umhos under the following conditions: grids No.1 and No.3 at 0 volts;
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the plate current is 26 ma., and
the amplification factor is 20.

* The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.
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INSTALLATION AND APPLICATION

Type 6BE6 requires miniature seven-contact socket and may be mounted in
any position. Outline 13, OUTLINES SECTION. For heater and cathode con-
siderations, refer to type 6AV6.

Because of the special structural arrangement of the 6BE6, a change in signal-
grid voltage produces little change in cathode current. Consequently, an rf voltage
on the signal grid produces little modulation of the electron current flowing in the
cathode circuit. This feature is important because it is desirable that the impedance
in the cathode circuit should produce little degeneration or regeneration of the
signal-frequency input and intermediate-frequency output. Another important
feature is that, because signal-grid voltage has very little effect on the space charge
near the cathode, changes in ave bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.l. There is, therefore, little
detuning of the oscillator by ave bias.

A typical self-excited oscillator circuit employing the 6BE6 is given in the
CIRCUIT SECTION.

In the 6BES6 operation characteristics curves with self-excitation, E, is the
voltage across the oscillator-coil section between cathode and ground; E, is the
oscillator voltage between cathode and grid.

OPERAT ION CHARACTERISTICS
OPERAT 'SNSEEP‘QQC‘?TCAT%'ST‘CS WITH_ SEPARATE OSCILLATOR EXCITATION
TYPE GBEG J TYPE 6BE6
| E£=6.3 VOLTS  PLATE vOLTS=250 | €7=6.3 voLTS |
CRIDS-N22 & N*4 VOLTS =100 PLATE VOLTS = 250
| GRID- Nva(cou'rnoc_~c«|l))v0LTs-~| . GRIDS-N22 & N¥4 VOLTS =100
GRID-N'I RESISTOR~OHMS = 20000 3 [ 2::3-_::?g%%rr;r?gn&:gﬁggv_oggggl.&
8 p(®)= E vEg X100 (see TExT) ] 3 GRID-N2 | CURRENT VARIED BY
:; exso. avosu-s g [ ADJUSTMENT OF OSCILLATOR VOLTAGE 1
@
2 5% g T R A
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& . o
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1.0 1.5 0 0.4 0.8 3
GRID-N%I MILLIAMPERES (1cn) GRID-N®| MILLIAMPERES (IC;)
82CM-6625T 92CM-6624T
BEAM POWER TUBE
Miniature type used in audio output stage -
of television and radio receivers. Triode-con- H@3) (62
6BF 5 nected, it is used as a vertical deflection ampli-
fier in television receivers. Outline 16, OUT-
LINES SECTION. Tube requires miniature % CAA . ADe
seven—contact socket and may be mounted in
any position. This type is used principally for o
renewal purposes.
gmrm gouncs (€07 - T 1153 volts
EATER CURBENT. . ... ..\t iiiiitunennsronnsancssssonsossassossssoses . amperes
DIRECT INTERELECTRODE CAPAcxnncm (Approx.):
Grid No.ltoPlate. ... ... ... oo.tiniineraiiannannns . 0.65 ppf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 . 14 nuuf
Plate to Cathode, Heater, Grid No. 2, and GridNo.3. ... ciiiniennnns 6 puf
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Maximum Ratings: CLASS A: AMPLIFIER
PLATE VOLTAGE. .. ....,..., .. 250 max volts
GRID-NO.2 (SCREEN) VOLTAGE . . o 4 v v et er v ternecnneennnneesn 250 max volts
PLATE DISSIPATION . . ... ... ittt it iiiiiirneanannnaneannnerns 5.5 max watts
GRID-NO.Z INPUT. . ... ittt iinereitrnanaeannaennnnen 1.25 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............. e iiierreesaees 200 maz volts

Heater positive with respect to cathode.......... P Meecesresans 200mmazx volta
& The dc component must not exceed 100 volts.
Characteristics:
Plate Voltage. . .. ... ... . iiiiiiiiieratienrnanrenanenanas [P 110 volts
Grid-No.2 (Screen) Voltage. ............ooiinineenriennnnnnss P . 110 volts
Grid-No.1 (Control-Grid) Voltage. ..........c..viieiiiieennnn, PR -7.5 volts
Peak AF Grid-No.1 Voltage. ... ... ... ... iiuiiiiitiiiiiiinnncraannnnnn 7.5 volts
Zero-Signal Plate Current. .. .. .......ouieeirinereeaninnineennnananns 49 ma
Maximum-Signal Plate Current. . ... .. ......c.. . iveiiitereenennnnnan 50 ma
Zero-Signal Grid-No.2 Current. . ..........coiiiiiieneninnnnnnnnncnnnnn 4 ma
Maximum-Signal Grid-No.2 Current. ..............ccieiiiiinienaeneannn 8.5 ma
Plate Resistance (APpProx.)}. .. ... ..ottt iruinrienrennnnrennannnanan 10000 ohms
Transconductance 7500 umhos
Plate Load Resistance 2500 ohms
Total Harmonic Distortion . 9 per cent
Maximum-Signal Power Qutput. . ...........uiiiiinernnnennacennans . 1.9 watts

TWIN DIODE—
MEDIUM-MU TRIODE
Miniature type used in compact 6BF 6
radio equipment as combined detector,

amplifier, and ave tube. The triode
unit is particularly useful as a driver
for impedance- or transformer-coupled
output stages in automobile receivers. It is equivalent in performance to metal
type 6SR7. Outline 13, OUTLINES SECTION. Tube requires miniature seven-
contact socket and may be mounted in any position. For typical operation as a
resistance-coupled amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLI-
FIER SECTION. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . .\ .\ vttt te e et eetee et sanaaannaennnnnenn 6.3 volts
HEATER CURRENT . . ...t .\tttttitnetaneetanneesnssnonneeeneesennnnn 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: Without With
Ezxternal External
Shield Shield
Triode Grid to Triode Plate......................... 2.0 2.0 pul
Triode Grid to Cathode. .. .......................... 1.8 1.8 upf
Triode Plate to Cathode. .. ...........ccoiiiiveae... 1.1 0.8 puuf
Plate of Diode Unit No.1 to Cathode................. 1.4 0.7 uuf
Plate of Diode Unit No.2 to Cathode. ................ 1.5 0.1 upf
Plate of Diode Unit No.l to Triode Grid.............. 0.06 max 0.07 maz wul
Plate of Diode Unit No.2 to Triede Grid. . ........... . 0.05 maxr 0.06 max uuf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... .. .t iiiiiiiiaieiiiietr st itanaasessaacncsas . 300 max volts
PLATE DiSSIPATION. .. ... e e i ieen s Cveeiaerena 2.5 maz watts
PEAXK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... Cesresaean PPN 90 max volts
Heater positive with respect to cathode.......... Ceienee N 90 max volts

Typical Operation {With Transformer Coupling):

Plate Voltage........ b aheieereeia e 260 volts
Grid Voltage. . ... .oiriiiiiieiiiiiiiteeteseneertionasorsscanananns . -9 volts
Amplification Factor...........coiiiiiiiiieiiiiiiiiiiienes reearaaees 16

Plate Resistance.............. Creereaaa PPN . 8600 ohms
Transconductance. .. ...........cc0vvnenn. 19800 umhos
Plate Current. .........cooiiivnninnannn . 9.6 ma
Load Resistance. ............. eieaaaea . 10000 ohms
Total Harmonie Distortion. . . . .. 6.5 per cent
Power OQutput............... 300 mw

DIODE UNITS

The two diode plates and the triode unit have a common cathode. Diode biasing of the triode unit
of the §BF6 ia not suitable. For diode operation curves, refer to type 6AVS.
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AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T T
TYPE 6BF6 /
E ¢=6.3 VOLTS
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P
BEAM POWER TUBE " ()
6BG 6 G Glass octal type used as output o %
- amplifier in horizontal-deflection cir-

cuits of television equipment and other " W/ H

applications where high pulse voltages

occur during short duty cycles. Out- NC G2
line 44, OUTLINES SECTION. Tube requires octal socket. Vertical tube mount-
ing is preferred but horizontal operation is permissible if pins No.2 and 7 are in
vertical plane.

HEATER VOLTAGE (AC/DC) .. vvuvanssasroosssonessoansssnssansesannssons 6.3 volts
HEATER CUBRENT. . ......covvvnvrnnes eeesesarrssensestastbetirnans 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid NodltoPlate. . .. ....o.ioiiiienunneieaneoarsann J RPN 0.34 max put

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 12 unt

Plate to Cathode, Heater, Grid No.2, and Grid No.3...... Ceieaeienes 6.6 put
TRANSCONDUCTANCE® . . .. ... . iieiianeinanineinnaneeeeeonanns . 6000 umhes
MU-FACTOR, Grid No.2 to Grid No.1%. .. .. ... ..ottt nennen 8.0
© For plate and grid-No.2 volts, 260; grid-No.1 volts, —15.

HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system
DOC PLATE VOLTAGE. it tit s iiae et iin it nanassanaeennnn . 700 mazx volts
PEAK POSITIVE PULSE PLATE VOLTAGE®. . .. ............ciiiiiiiinnnnnns 6600 mazx volts
PEAK NEGATIVE PULSE PLATE VOLTAGE®. . .. .. ... .. ... i iiitiiniineenns -1500 mazx volts
DC GRID-NO.2 (SCREEN) VOLTAGE . . . .. tuiveeteeeriiaenasanensoananss 350 max volts
PEAK NEGATIVE PULSE GRID-NO.1 VOLTAGE*. . ............co0tvnunnnsn -300 mazx volts
CATHODE CURRENT:

PeaK. . . e i e it s, 400 maz ma

0 L 110 maz ma
PLATE DISSIPATIONtY . . RN 20 max watts
GRrID-NO.2 INPUT. ... .. e e . . 8.2 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 maz volts

Heater positive with respect to cathode 2008 maz volts
BuLe TEMPERATURE (At hottest point) . . .......... ... . ... ..ol 210 maz °C

Maximum Circuit Valve:
‘Grid-No.1-Circuit Resistance. . .. ........ ... ... . i iiiiiiininn, 0.47 max megohm

* The duration of the voltage pulse must not exceed 159 of one horizontal scanning cycle. In a 525-
line, 30-frame system, 15%, of one horizontal scanning cycle is 10 microseconds.

T Preferably obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2
input to the rated maximum value.

tt An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
4@ The dec component must not exceed 100 volts.
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AVERAGE PLATE CHARACTERISTICS
WITH E¢ BLE

2 AS VARIA
a0
TYPE 6BG6-G
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SHARP-CUTOFF PENTODE

Miniature type used as rf ampli-
fier particularly in ac/dc receivers and
in mobile equipment where low heater- 6BH6
current drain is important. It is par-
ticularly useful in high-frequency,
wide-band applications. Outline 13,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket and may be mounted in any position. For
heater and cathode considerations, refer to type 6AVS6.

HEATER VOLTAGE (AC/DC) . « . ¢ v e v eeteeestaesaasieaae e enennnsnennesns 6.3 volts
HEATER CURRENT. . ....... i eriiet Gt reidereeineeteae et . 0,15 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l to Plate. . ... et et et 0.0086 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.4 auf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 4.4 puf
Maximum Ratings: CLASS A; AMPLIFIER
PLATEVOLTAGE. . ... oovinnineennnanan, Cerieeirireasaees Ceseheteaeen . 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . . ... .0vururnensennnnn e e See curve page 64
GRID-NO.2 BUPPLY VOLTAGE. . ... tuttterennnneaneeenneenaneeenneeennns 300 max volts
PLATE DISSIPATION . ottt te it taeateennananennesesnnaensanns. P 3 maz watts
GRID-No.2 INPUT:
For grid-No.2 voltages up to 160 volts. ... ........... . 0.5 max watt
For grid-No.2 voltages between 150 and 800 volts. .. ........ See curve page 64
GRID-N0.1 (CONTROL-GRID) VOLTAGE:
Negativebiasvalue......................... P Ceetreeetcenaa. 50 maz volts
Positivebiasvalue....................... ..., et reseateran e, 0 maz volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ....... Ceeeanas Ceteriaeeiaanas 90 maz volts

Heater positive with respect to cathode. .... veeeatasenteseiaan PP 90 max volts

Typical Operation and Characteristics:

Plate Voltage. . .... Ceeeeas S 100 250 volts
Grid-No.3 (Suppressor). Connected to cathode at socket

Grid-No.2 Voltage. . ...ttt ittt nii e iaannnn. 100 150 volts
Grid-No.1 Voltage. ......... et ea et riena, e renaee e, -1 ~1 volt
Plate Resistance (AppProx.).........coieeeeevnuonnnn... vee. 0.7 1.4 megohms
Transconduct8nee. . ... vvverinninninennerennnnnnn. .. 3400 4600 umhos
Grid-No.1 Bias for plate current of 10 ga .. ................ .. -6 -1.7 volts
Plate Current. ..... ettt ettt it nttaaeaaa teeseee. 3.6 7.4 ma
Grid-No.2Current..................... e eebareseas feseenen 1.4 2.9 ma
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AVERAGE PLATE CHARACTERI!ISTICS
-

TYPE 6BHG
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REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-

6BJ6 fier in high-frequency and wide-band

applications. Features high transcon-

ductance and low grid-to-plate capaci-

tance. Qutline 13, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted In any
position. For heater and cathode considerations, refer to type 6A V6.

HEATER VOLTAGE (AC/DC) . . ..ttt tnsateeteaeeieanneenenneanens, 6.3 volts
HEATER CURRENT. . ..ottt iiitteiitee et eainesanenennnarnnesnns 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.lto Plate. . ... ... ..ottt inicaaanannennnn, 0, 0035 mazx nuf
Grid No.1 to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield 4.5 upf
Plate to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield. ... 5.5 nuf

Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. . . ..ottt ittt ittt ittt et et ee e ety 300 max volts
GRID N0.2 (SCREEN) VOLTAGE. . .. . . ..ot iat i See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. . .. ... ittt innnnnnnnnn. 300 max volts
PLATE DISSIPATION. . ...ttt i ittt st reaineeenns 3 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts......... 0.6 mazx watt

See curve page 64

For grid-No.2 voltages between 150 and 300 volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bizs value. . .. ... ... . ... .. . .. . i, 60 max volts

Positive bias value. . ...... ... ... ... . ..., 0 mazx volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 mazx volts

Heater positive with respect to cathode. . . 90 max volts
Typical Operation:
PlateVoltage .........coovvneeinnnnnnns Ceereeiees [ 100 250 volta
Grid No.3 (Suppressor). .. Connected to cathode at socket
Grid-No.2 Voltage. .... 100 100 volta
Grid-No.l1 Voltage. . ................oiivieiniininnnnn... -1.0 -1.0 volt
Plate Resistance (ApPpProx.). ... ......covviveeininenineennn. 0.25 1.8 megohms
Tranfeonductance. .. ..... ... ouvinnneeenenrrrnonnnnnnnns 3650 3600 upmhos
Grid-No.1 Bias (Approx.) for transconductance of 15 umhos. . . -20 -20 volts
Plate Current. ... .....otuiniieriiinnneenianeennnnnns . 9.0 9.2 ma
Grid-No.2 Current........ e retieietisieiiaeees P 3.6 3.3 ma
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AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECT

TYPE 68J6
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MEDIUM-MU TWIN TRIODE
Miniature type used as rf ampli-

fier in tuners of vhf television receivers

or as low-noise if preamplifier tube in 6BK7-A
uhf television receivers employing a

P13 crystal mixer. Especially useful in the

rf stage of telev131on receivers utilizing a cathode-drive amplifier of the direct-
coupled type or in push-pull cathode-drive rf amplifiers. Outline 14, OUTLINES
SECTION. Tube requires noval nine-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) 6.3 volta
HEATER CURRENT. . ......... .. 0.4b ampere

DIRECT INTERELECTRODE CAPACITANCES:

Gridto Plate. . .. ... .. ... . . it 1.8 1.8 puf

Grid to Cathode, Heater, and Internal Shield. ............. 3.0 3.0 ppf

Cathode to Grid, Heater, and Internal Shield.............. 6.0 6.0 npf

Plate to Cathode, Heater, and Internal Shieid.............. 1.0 0.9 upf

Plate to Grid, Heater, and Internal Shield. . . .............. 2.4 2.4 puf

PlatetoCathode. .. ...... ... ... ... ... ... . ciiiiiiiinnns 0.22 0.22 uuf

Heater to Cathode. ..... . ... ... . ... .. ..cciieiuunnns 2.8 3.0 upf

Grid of Unit No.1 to Grid of Unit No.2. .. ................ 0.004 mazx uuf

Plate of Unit No.1l to Plateof Unit No.2.................. 0.075 mazx T

CLASS A; AMPLIFIER {Each Unit)
Maximum Ratings:
PLATE VOLTAGE. . ..t ttntintneeennna et eannaroineennasnneennnsons 300 mazx volts
DC GRID VOLTAGE:

Negativebias value. . ...... .. ... ... . ... .. . Ll 50 max volts
PLATE DISBIPATION. . ..t ittt ittt it ittt et i ia e aen e ianan, 2.7 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. .......................... 90*mazx volts

Heater positive with respect tocathode. . . .. ........................ 90 mazx volts

* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
250 volta.

Characteristics:

Plate VOItBEE . . . ... .ottt ittt et iiie et ine s 150 volts
Cathode-Bias Resistor. .. ........ ... ... .. . .. i 56 ohms
Amplification Factor. . ... . ... i i e i s 43

Plate Resistance (APProX.). . ... ... viiitntiiii i iieiaaanannas 4600 ohms
TransconduUCtBNCE. . . ..ottt i it i 9300 pmhos
Plate Current. . . .. ... ... . it i i i, 18 ma
Grid Bias (Approx.) for platecurrent of 10 pa. .. .. ..................... -11 volts
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MEDIUM-MU TWIN TRIODE
Glass octal type used as a com-
6BI-7 GT bined vertical deflection amplifier and
- vertical oscillator in television receiv-
ers. Outline 22, OQOUTLINES SEC-

TION. Tube requires octal socket and
may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .ttt iieiee ittt ineiiein e inenainesennnns 6.3 volts
HEATER CURRENT. . .ot ttttttniietatetantannaaeeeseeneennsnneannans 1.6 amperes
Charadteristics: CLASS A; AMPLIFIER (Each Unit)
Plate Volbage . . . oottt ittt ietieie ittt tiee it einnenns .. 250 volts
Grid Voltage. . . .ottt it it it ettt e e -9 volts
Amplification Factor. ... ... ... it it i e e 15
Plate Resistance. . ... ...ttt ittt it 2150 ohms
Transconductance. . . ....... ... .. it ittt ittt e, 6200 umhos
Grid Bias (Approx.) for plate current of 25 pa. ... ............ ... .. ... ... -25 volts
Plate Current. ... ... ... ...t e it 40 ma
Grid Bias (Approx.) for plate voltage of 600 volts and plate current of 50 ua. . . —60 volts
VERTICAL DEFLECTION AMPLIFIER (Each Unit)
Maximum Ratings: For operation in a 525-line, $0-frame system
DC PLATE VOLTAGE. . . .ottt ittt ettt ettt eneananenns 500 mazx volts
PEAK POSITIVE-PULSE PLATE VOLTAGET. . . ... ...ttt iiiinennrenn. 1860-max - volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . .. ... .\tvttnninanvannnnnnnnna ~500 maz volts
DC CATHODE CURRENT. . . ...\ttt ittt ttearunienneaesonennnnnnnenas 60 maz ma
PLATE DISSIPATION. ......... 10 maz watts
(Total for both units) 12 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... Ceiereeaaes erteerees 200 mazx volts
Heater positive with respect tocathode. ... ..........00vvunvenn. P 200 mazx volts

Maximum Circuit Valve:

Grid-Circuit Resistance:
For cathode-bias operation. .. ................ ... iiiiiiinirnnnnn 4.7 max megohms

t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
526-line, 80-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

BEAM POWER TUBE

Glass octal type used as horizon-

6BQ6-GT tal deflection amplifier in television

receivers employing either transform-

er coupling or direct coupling to the de-

flecting yoke. Outline 28, OUTLINES

SECTION, except seated height is 3 to 3-5/16 inches and over-all height is 374

mazx inches. Tube requires octal socket and may be mounted in any position. This
type may be supplied with pin No.1 omitted.

HEATER VOLTAGE (AC/DC) . .ttt innetaneenrenannaneeresrenanannnns AN 6.3 volts
HEATER CURRENT. & .\ttt iuttteitieaneseaaneennusennnsosnnsonenssenns .. 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.L to Plate. . .. . ..ottt i iiae et eiinnannn 0.6 ppf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 15 uuf
Plate to Cathode, Heater, Grid No.2, and Grid No.3.................. 7.6 B
TRANBCONDUCTANCE®. . .\ .\ttt ettt etns et eiiteanessineeinnennnens 6500 psmhos
MUu-FAcToR, Grid No.2 to Grid No.1** , . . ... ... ... ... ......cccviun... 4.3

* For plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, -22.5; plate ma., 55; grid-No.2 ma., 2.1.
** For plate and grid-No.2 volts, 150; grid-No.1 volts, -22.5.

HORIZONTAL DEFELECTION AMPLIFIER

Maximum Rafings: For operation in a 525-line, 30-frame system

DC PLATE SUPPLY VOLTAGE (Boost plus dec power supply). . ............. 550 mazx volts
PEAK PoSITIVE-PULSE PLATE VOLTAGEt (Absolute Mazimum) ............ 5500°mazx volts
PEAK NEGATIVE-PULSE PLATE VOLTAGET. ... ... ..o\t iireeneesnnnnannnn -1250 max volts
DC GRID-NO.2 (BCREEN) VOLTAGE. . .. ...\t itteiintianieennieennennnnen 175 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE}............. -800 max volts
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CATHODE CURRENT:

Pea. ..ottt a et s 400 max ma

5 0 N 110 mazx ma
GRID-NO.Z INPUT. . ... ..ttt ianeeanss hrreeraeess 2.5 mazx watts
PLATE DISSIPATION# . . . . oottt it inetaanonneans P . 11 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ................... Cheseeenn 200 mazx volts

Heater positive with respect to cathode. . .. ............civvihs e 2008maz volts
BuLB TEMPERATURE (At hottest point). . . ............ciieeennns Cereee 220 mazx °C

Maoximum Circuvit Value:
Grid-No.1-Circuit Resistance. . ... ... ...t iriieeiiiieeateanrronns 0.47 maz megohm

f The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
526-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

© Under no circumstances should this absolute value be exceeded.

# An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
@ The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS

TYPE 6BQ6-GT
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PLATE VOLTS 92CM-8332T

MEDIUM-MU TWIN TRIODE
i . 6BQ7
Miniature types used as rf ampli-

fiersin tuners of vhf television receivers 6BQ7- A
or as low-noise if pre-amplifier tubes

in uhf television receivers employing a

crystal mixer. Both types are especially

useful in the rf stage of television receivers utilizing a cathode-drive amplifier of the
direct-coupled type or in push-pull cathode-drive rf amplifiers. Outline 14, OUT-
LINES SECTION. Tubes require noval nine-contact socket and may be mounted
in any position. Type 6BQ7 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) . v vt vnnnerrvnnarnneesacanroroanceassnssssnans 6.3 volts

HEATER CURRENT . . ...t otetnneennnuansnnessonssnssrsasansoansonsosss .. 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):° Unit No.1 Unit No.2
GridtoPlate. .. ................ .. oo 1.15 1.15 puf
Grid to Cathode, Heater, and Internal Shield. ... 2.85 ~ puf
Cathode to Grid, Heater, and Internal Shield. . . . - 4.95 puf
Plate to Cathode, Heater, and Internal Shield. . . 1.35 - ppf
Plate to Grid, Heater, and Internal Shield. . ... - 2.27 puf
Plate to Cathode. .. ......... ... ... ... ... ... 0.15 max 0.15 maz ppf
Heater to Cathode (6BQ7). ... .............. 2.20 2.30 i
Heater to Cathode (6BQT-A). . .............. 2.65 2.70 puf
Plate of Unit No.1 to Plate of Unit No.2. . ............... 0.010 max ppl
Plate of Unit No.2 to Plate and Grid of Unit No.1......... 0.024 max upf
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Maximum Ratings: CLASS A; AMPLIFIER (Each Unit)

PLATE VOLTAGE. . ..ttt ttiiiiiieinecisatteonaarassnroonesnnonsanas
PLATE DIsSIPATION
©€ATHODE CURRENT
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode................evuiinnnns oo 200%mazx

Heater positive with respect tocathode. .. ........................... 200 mazx
Characteristics: 68Q7 6BQ7-A
Plate Voltage. . . ... ..o iiiiiiiiiiiiiiiiiiieiaeeninnes 150 150
Cathode-Bias Resistor. . . .............ioiiiiiiiiinnnaen, 220 220
Amplification Factor.............. ..ot tiiiinrnnnnnnnnnn 35 39
Plate Registance. . ... ... .oooiiiiiiiiiiiiiiiiiiin e, 5800 6100
TransconductBnee. . ... ...ttt ittt 6000 6400
Plate CUrrent. . .........vtiiinnin e iiianantnaneaenanns
Grid Bias (Approx.) for plate current of 10u8............... -10 -10

° With external shield connected to cathode.

volts
watts
ma

volts
volts

volts
ohms

ohms
umhos
ma
volts

* In cathode-circuits with direct-coupled drive, it is permissible for this voltage to be as high as 300 volts.

AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
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PENTAGRID AMPLIFIER " @
6BY 6 Miniature type used as a gated
amplifier in color television receivers. \ ‘
In such service, it may be used as a 25 XA
combined sync separator and synec 0,
clipper. Outline 13, OUTLINES SEC- G

TION. Tube requires miniature seven-contact socket and may be mounted in

any position.

HEATER VOLTAGE (AC/DC) . ..ottt ittt iiee et et e e einaaeaneennn 6.3
HEATER CURRENT. . .. ... .ttt iiit ettt e cnaennnn. 0.3
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoPlate. .. ..... ... ... ittt iiiiiiiiiiiiininnnn. 0.08 mazx
Grid No3toPlate, ........ ... .. i it 0.35 maz
Grid No.l to Grid No.3. . .. ... ... . .. . . . . i, 0.15 mazx
Grid No.l to All Other Electrodes. . ................. ..o, 5.4
Grid No.3 to All Other Electrodes. .................oviiiiiunnnainn. 6.9
Plate to All Other Electrodes. . ........... .. .. ... coviiiiaai.., 7.6
Characteristics: CLASS A; AMPLIFIER
Plate Voltage. . . ... ..o i i i e 250
Grids-No.2-and-No.4 Voltage. .. ......... ... ... ciiiiiiiivernninnn.n. 100
Grid-No.B Voltage. ... ... ... i i it et -2.5
Grid-No.l Voltage. . ....... ... ... ittt e, 2.5
Grid-No.3-to-Plate Transconductance. . ..............c.cooviuunnnonn... 500
Grid-No.1-to-Plate Transconductance. .................... e 1900
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Plate Current. . ........ .. ... ... 6.5 ma

Grids-No.2-and-No.4 Current, . ................................... .. 9 ma

Grid-No.3 Volts (Approx.) for plate current of 85 ua and grid-No.1 volts =—4 -15 volts

Grid-No.1 Volts (Approx.) for plate current of 35 ua and grid-No.8 volta =0, -12 volts

GATED AMPLIFIER SERVICE

Moaximum Ratings:

PLATE VOLTAGE. . . ... .. .ttt et s iiiaaeenann 300 max volts
See curve page 64

GR1D8-N0.2-AND-N 0.4 SUPPLY VOLTAGE 300 max volts

GRID-NO.3 SUPPLY VOLTAGE:

Negative biag value. . .. ... . ... .. . . . . . . . i, 50 maz volts

Positive bias value. .. ... .. ... ... ... o i, 0 max volts

Positive peak value. . ... ... .. .. .., 25 max volts
GRID-NO.1 SUPPLY VOLTAGE:

Negative bias value. .. .. ... ... . ... i i, 100 max volts
PLATE DISSIPATION. . ... .......... . 2 max watts
GRID-NOB INPUT. . .. ... .. i 0.1 maz watt
GR1D8-N0.2-AND-No0.4 INPUT:

For grids-No.2-and-No.4 voltages up to 160 volts. . ... ... ............ 1 max watt

For grids-No.2-and-No.4 voltages between 150 and 300 volts.......... See curve page 64
GRID-NO.J INPUT. ... ... e iinns 0.1 maz watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode e 200 max volts

Heater positive with respect to cathode. .. .......................... 200°max volts

Characteristics as Sync Separator and Sync Clipper:
Plate Voltage. . . ... ... ... . . . i e i eae e 19 volts
Grid-No.3 Voltage. . .......... . [} volts
Grids-No.2-and-No.4 Voltage 25 volts
Grid-No.l Voltage 0 volts
Plate Current. . .................... 1.4 ma
Grids-No.2-and-No.4 Current 3.5 ma
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volts, grid-No.1 voltage of 0 volts, and plate current of 50 ua 2.5 volts
Grid-No.1 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volts, grid-No.3 voltage of 0 volts, and plate current of 50 ya  -2.3 volta
Maximum Circvit Valves:

Grid-No.1 or Grid-No.3-Circuit Resistance: .

For fixed-bias operation.................... 0.5 max megohm

For cathode-bias operation 1.0 man megohm
© The de component must not exceed 100 volts.

25 AVERAGE OPERATION CHARACTERISTICS
a TYPE 6BY6
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AVERAGE OPERATION CHARACTERISTICS
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MEDIUM-MU TWIN TRIODE

6BZ7 Miniature type used as rf ampli- "'Tz
fier in tuners of vhf television receivers

or as low-noise if pre-amplifier tube in °7:
uhf television receivers employing a Pz is
crystal mixer. Especially useful in the

rf stage of television receivers utilizing a cathode-drive amplifier of the direct-

coupled type or in push-pull cathode-drive rf amplifiers. Outline 14, OUTLINES

SECTION. Tube requires noval nine-contact socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC) 6.3 volts

HEATER CURRENT. . ................. 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES! Unit No.1 Unit No.2
GridtoPlate. . ................. . 0., 1.15 1.15 uuf
Grid to Cathode, Heater, and Internal Shield. . 2.50 - uuf
Cathode to Grid, Heater, and Internal Shield. . . — 4.95 uuf
Plate to Cathode, Heater, and Internal Shield.. 1.35 — uuf
Cathode to Plate, Heater, and Internal Shield.. - 2.27 uuf
Plate to Cathode 0.15 max 0.15 max puf
Heater to Cathode .. 2.6 2.7 upf
Plate of Unit No.1 to Plate of Unit No.2................. 0.010 max uuf
Plate of Unit No.2 to Plate and Grid of Unit No.2........ 0.024 max puf

© With external shield tied to cathode.

Maximum Ratings: CLASS A; AMPLIFIER (Each Unit)

PLATE VOLTAGE. . ... ottt ettt ittt et 250*mazx volts

PLATE DISSIPATION. . ..ottt ittt et e it eiiiaass 2.0 max watts

CATHODE CURRENT. . . .\ttt ittt s et ttttiitnnees et iiiaeannneans 20 max ma

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. .......................... 200*max volts
Heater positive with respect to cathode. . ........................... 200 max volts

;In calthode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
00 volts.

Characteristics:

Plate Voltage. . . ........................ e e 150 volts
Cathode-Bias Resisto: 220 ohms
Amplification Factor...........coiiii it 38

Plate Resistance (Approx. TSP 5600 ohms
Transcon@uUetanCe. . . . ...ttt it ittt et e i 6800 pmhos
Plate Current. . ... ... . i e 10 ma
Grid Bias (Approx.) for platecurrent of 10 ua. .. .. ... .c.vurrerrrnennnnn. -11 volts

Maximum Circuit Value:
Grid-Circuit Resistance. . . .........cooviiiiirninnnnnnss Cebeesraeaes .o 0.5 max megohm
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HF TRIODE

Miniature type used in compact
radio equipment as a local oscillator 6c4

in FM and other high-frequency cir-

cuits. It may also be used as a class C

rf amplifier. In such service, it delivers

a power output of 5.5 watts at moderate frequencies, and 2.5 watts at 150 mega-
cycles per second. Qutline 13, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
-as a resistance-coupled amplifier, refer to Chart 10, RESISTANCE-COUPLED
AMPLIFIER SECTION. For heater and cathode considerations, refer to type
6AV6. For additional curve of plate characteristics, refer to type 12AU7T.

HEATER VOLTAGE (AC/DC) e et e 6.3 volts
HEATER CURRENT. . .. ... ... .. ... it 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES
Grid bo Plate. . ... ... ... oo e N 1.6 wuf
Grid to Cathode and Heater. ..............co0ovuuveenennn oo i) 1.8 uuf
Plate to Cathode and Heater...................coovmmineinninnnn, 1.3 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ... ...ttt it e it 300 maz volts
PLATE DIBSIPATION. . ... ... iitat et iin e e e 3.5 maz watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............couuurenvnnnnn.. 200 max volts
Heater positive with respect to cathode. . .............. ... .. ... 2008mazx volts
Characteristics:
Plate Valtage. . . ....... ... ... . i 100 250 volts
Grid Voltage ...................... 0 -8.5 volts
Amplification Factor............... 19.5 17
Plate Resistance. . ................ 6250 7700 ohms
Transconductance......... . 3100 2200 pmhos
Plate Current. .................... 11.8 10.5 ma
Maximum Circvit Value:
Grid-Circuit Resistance:
For fixed-bias operation. .. ........ . ... ..ooiiiiit i “ee 0.25 maxr megohm
For cathode-bias operation. ... . ...........c.ccciiiiivinninnnnnnnnn. 1.0 max megohm

B The de component must not exceed 100 volts.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Maximum Ratings:

DC PLATE VOLTAGE 300 mazx volts
DC GRID VOLTAGE. . -50 maz volts.
DC PLATE CURRENT. . 25 mazx ma
DCGRIDCURRENT. .......c.covvvvvnnnnnn.. 8 max ma
PLATE DISBIPATION . ...ttt ittt ateenreennnesennseennneeannnnnen 5 maz watts
Typical Operation (At Moderate Frequencies):
DC Plate Voltage. . ... .o.iieiitieniinn e inere it eneenrannnns 300 volts
DCGrid Voltage. .. ....oiiiit it iiii et eniereanneannnnn -27 volts
DCPlate Current. . ... uuiuereriniiiinnnnnnennnnnns PP 25 ma
DC Grid Current (APProX.) - .. vv vttt it eee i 7 ma
Driving POWer (APDProX.}. .« cuvuuin et iiiineinneeenennnnns PP 0.35 watt
Power Output (ADDProX.) . .. iu ittt iriiiineeireeeeeannnnnnnn 5.5 watts.
AVERAGE PLATE C'HARACTERISTICS
60 T T
TYPE 6C4
Eg=6,3 VOLTS
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MEDIUM-MU TRIODE

Metal type 6C5 and glass-octal type 6C5-GT P
6C 5 used as audio amplifier and oscillator. They are °
also used as detectors of grid-resistor-and-capaci-
6 C 5 GT tor type or grid-bias type. Outlines 3 and 25,
- respectively, OUTLINES SECTION. Tubesre- H ‘/ o H
quire octal socket and may be mounted in any 0 o
position. Heater volts (ac/dc), 6.3; amperes, $:6C5
0.3. Maximum ratings as class A; amplifier: B¢6¢5°GT K
plate volts, 300 maz; plate dissipation, 2.5 max watts; grid volts, 0 min. Typical operation: plate volts,
250; grid volts, —8 (grid-circuit resistance should not exceed 1.0 megohm); amplification factor, 20;
plate resistance, 10000 ohms; transconductance, 2000 zmhos; plate ma., 8. For typical operation as a
resistance-coupled amplifier, refer to Chart 11, RESISTANCE-COUPLED AMPLIFIER SECTION.
Type 6C5-GT is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Gy
Glass type used as biased detector and as a , 2

high-gain amplifier in radio equipment. Outline , G 5) k
6C6 40, OUTLINES SECTION. Tube requires six- 3

contact socket. Heater volts (ac/dc), 6.3; am-

peres, 0.3. For ratings and typical operstion

data, refer to type 6J7. Type 6C6 is used prin- ° °

cipally for renewal purposes. H

TWIN DIODE—
MEDIUM-MU TRIODE

6C7 Glass type used as combined detector, am-
plifier, and ave tube. Outline 36, OUTLINES
SECTION. Heater volts (ac/de), 6.3; amperes,
0.3. This type is similar to, but not interchange-
able with, type 85. The 6C7 is a DISCON-

TINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

(lass octal type used as a voltage amplifier

and phase inverter in radio equipment. Outline

6C8 G 35, OUTLINES SECTION. When this type is

- used in a high-gain amplificr, hum may be re-

duced or eliminated by grounding pin No.7 or

by grounding the arm of a 100-to-500-ohm

potentiometer across the heater terminals. Tube

requires octal socket. Heater volts (ac/dc), 6.3;

amperes, 0.3. Maximum ratings for each triode unit as class A\ amplifier: plate volts, 250 maz; grid

volts, 0 min; plate dissipation, 1.0 max watt. Typical operation: plate volts, 250; grid volts, —4.5; plate

ma., 3.2; plate resistance, 22500 ohms; amplification factor, 36; transconductance, 1600 umhos. For

typical operation as a resistance-coupled amplifier, refer to Chart 12, RESISTANCE-COUPLED
AMPLIFIER SECTION. This type is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Miniature type used in television

6CB 6 receivers as an intermediate-frequency

amplifier at frequencies up to about 45

megacycles per second and as an rf

amplifier in vhf television tuners. Tube

features very high transconductance combined with low interelectrode capacitance

values, and is provided with separate base pins for grid No.3 and the cathode to per-

mit the use of an unbypassed cathode resistor to minimize the effects of regenera-

tion. Qutline 13, OUTLINES SECTION. Tube requires miniature seven-contact

socket and may be mounted in any position. For heater and cathode considerations,
refer to type 6AV6.
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HEATER VOLTS (AC/DC) . & ¢ o vt iv ittt ettt e enn s 6.3 volta
HEATER CURRENT. . ..oty et vteeaeie e e e te et e et et e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid NO.L t0 PIRLe. . o oottt ettt ettt iae s eecinavacaaevian 0.020 mazx uuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 6.3 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield...... 1.9 upf
Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. ... i i ttntttiine ettt iiaa et it eanssannronnn 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. .. .. .......... .. See curve page 64

GRID-NO.2 SUPPLY VOLTAGE. . ............. e A 300 max volts
PLATE DISBIPATION. . ...ttt iiei ittt iie et ia e ittt eiansnrans 2.0 max watts
GRID-No0.2 INPUT: .
For grid-No.2 voltagesup to 150 volts. . . . ..., 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. .. ................... See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . 90 maz volts
Heater positive with respect to cathode. . 90 max volts
Typical Operation and Characteristics:
Plate Voltage. . . ... ..ot i i it it e tnerancnet e asnnns 200 volts
Grid-No.3 (SuUppressor) . . . ...t Connected to cathode at socket
Grid-No.2 Voltage. .. . ... 150 volts
Cathode-Bias Resistor. . ... ... ... ittt 180 ohms
Plate Resistance (APProX.). ... ...ttt 0.6 megohm
TransconducCtaNCe. . . ...« ot ettt e 6200 umhos
Grid-No.1 Bias (Approx.) for plate current of 10pa............. ... . ...... -8 volts
Plate Current. . .. .. ... ... ... 9.6 ma
Grid-No.2 Current. . . .. ..ot e, e 2.8 ma
. AVERAGE PLATE CHARACTERISTICS
> 1 1
TYPE 6CB6
€r=6.3 VOLTS
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¢y deflection circuits of television re-
ceivers employing either transformer
NC c2 coupling or direct coupling to the de-
flection yoke. Outline 44, OUTLINES SECTION. Tube requires octal socket.
Vertical tube mounting is preferred but horizontal operation is permissible if pins
No.2 and 7 are in vertical plane.

P
1(s)
5 BEAM POWER TUBE
Glass octal type used as horizon-
" w tal deflection amplifier in high-efficien- 6CD6-G
AN
OMO,

HEATER VOLTAGE (AC/DC) . .evevennnnnn et reesseesatesenerenaninansy 6.3 volts
HEATER CURRENT. . .......0o0vvnvrnnnnnnnanes P e 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.l1toPlate.................... R friieesieeeienens e 1.0 maz upf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3........ P 26 upf
Plate to Cathede, Heater, Grid No.2, and Grid No.3.......... .. 10 puuf
TRANSCONDUCTANCE® . .. ... iriniciinronnncrnsnnsnnnsons PN vees TH00 pmhos
Mu-FacTor, Grid No.2 to Grid No.1%. ... ......coonrvrvirrennnns PR 3.8

® For plate and grid-No.2 volts, 175; grid-No.1 volts, —30.
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HORIZONTAL DEFLECTION AMPLIFIER

Maximum Rafings: For operation in a 525-line, 30-frame system

DC PLATE VOLTAGR. .. ...0cunann.. 700 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE*. 6000 mazx volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE* -1500 mazx volts
DC GRID-N0.2 (SCREEN) VOLTAGE. . .. 200 max volts
DC GRID-NoO.1 (CONTROL-GRID) VOLTAGE. . —50 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE*. . -150 max volts
DC PLATE CURRENT. ... ttttnnttutsunasoresnseasasaesssasscssnsenssns 170 max ma
PLATE DISSIPATIONT . oot tiieerneereiannectratsennassosstonsonnonconns 15 max watts
GRID-NO.2 INPUT. . . .. i, itttittittiiarenensassacstasseaatassonnaan 8 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode....... ... covvviiieiinianas 135 mazx volts

Heater positive with respect to cathode. ... ..........iiviieennernnans 185 maz volts
BuULB TEMPERATURE (At hottest point). .. .......c.iiiiiuiernnenrrnnnnnns 210 mazx °C
Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . .. .. ... ... i iiiiinieinarnnranns 1.0 max megohm

* The duration of the voltage pulse must not exceed 159, of one horizontal scanning cycle. In a 525-

line, 830-frame system, 156% of one horizontal scanning eycle is 10 microseconds.

1 An adequate bias resistor or other means is required to protect the tube in the absence of excitation.

AVERAGE PLATE CHARACTERISTICS

€00 -
TYPE 6CD6-G
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GRID~N2! VOLTS=
"=
”~
3 600
- T _foe"]
L
150
" "
o ~
«
- // 7]
a 5 L/
3 /i 123, —
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~ . —d85_ w0 5
200 500
° 100 200 P LATE voLTS 92CM-7392T

SHARP-CUTOFF PENTODE

6CF6 Miniature type used in television
receivers as an intermediate-frequency
amplifier at frequencies up to about 45

megacycles per second and as an rf

amplifier in vhf television tuners. Be-

cause of its plate-current cutoff characteristic, this type is used in gain-controlled
stages of video if amplifiers. This type is identical with miniature type 6CB6 except
that the grid-No.1 bias (approx.) for plate current of 35 microamperes is -6.5 volts.
Qutline 13, OUTLINES SECTION. Heater volts (ac/dc), 6.3; amperes, 0.3.

POWER PENTODE

6CI. 6 Miniature type used in output
stage of video amplifier of television

. receivers and as wide-band amplifier
tubeinindustrial and laboratory equip-

ment. Outline 17, OUTLINES SEC-

TION. Tube requires noval nine-contact socket. Vertical tube mounting is pre-
ferred but horizontal mounting is permissible if pins No.3 and No.8 are in vertical

plane.
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HEATER VOLTAGE (ACG/DC) . .ttt teevneetieeeiaeanetennnsennnranenens 6.3 voits
HEATER CURRENT 0.65 ampere
DIRECT INTERELECTRODE CAPACITANG
Grid No.1 to Plate. . . .. ..ottt tiiiit e teeainininaeans 0.12 puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 11 upf
Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield. . 5.5 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE, . ...t eitt ittt vttt ite et ieinaneenenannnanns 300 max volts
PLATE SUPPLY VOLTAGE . .. ... ...t uuureeentiinieneatreaanneneaennns 300 mazx volts
GRID-No0.3 §SUPPRESOB) VOLTAGE. . . ..ottt te it iiieineeeaaaanann 0 max volts
GRID-NO0.2 (SCREEN) SUPPLY VOLTAGE. . . .. .tiinveenaenrannnannnenonns 300 maz volts
GRID-NO.2 VOLTAGE. . ..\ oottt it ettt ia et e ias caeaaarannsirenns 150 meax volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative bias value. ... ..., .. ... ittt 50 max volts
Positive bias value. .. ... ... ... .. .. i e i 0 maz volts
PLATE DISSIPATION . 7.5 max watts
GRID-No.2 INPUT. . . 1.7 mex watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . 90 max volts
Heater positive with respect to cathode. . . 90 max volts
BuLB TEMPERATURE (At hottest point) . . ..................coeiui... 200 max °C
Characteristics:
Plate VoltBZe. . . ... ittt it et ittt iis e nea e ineanaes 250 volts
Grid-No.3 Voltage. ....... et et A Connected to cathode at socket
Grid-No.2 Voltage. . . ..ottt i e in et 150 volts
Grid-INo.1 Voltage. ... ...ttt ittt ettt -3 volts
Peak AF Grid-No.1 Signal Voltage. . .. ........coitiiriinenrenennnnnn 3 volts
Zero-Signal DC Plate Eurrent ........................................ 30 ma
Maximum-Signal DC Plate Current. .. .. ......c.coeirieeeennnnne.. v 31 ma
Zero-Signal DC Grid-No.2 Current. ............c..vocevaunn. e 7 ma
Maximum-Signal DC Grid-No.2 Current. .. ............covriaiininn.es 7.2 ma
Plate Resistance (APpProX.). ... ........viieniinrrernnrnenaenannncnans 0.09 megohm
Transconductance. . . ... .. .. . ittt i ittt e i 11000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ga. . ................. —14 volts
Load Resistance., . ... ... ... it ittt 7500 ohms
Total Harmonic Distortion. . . . ..........civiiiiiiiiiieennnrunennnnns 8 per cent
Maximum-Signal Power Qutput. .. .....coiviineeeietiiennnenrnnenannss 2.8 watts
Typical Operation in 4-Mc-Bandwidth Video Amplifier:
Plate Supply Voltage. . .........coniiiiiiiiiiin, 300 volts
Grid-No.3 Voltage. ............... ettt e i, Connected to cathode at socket
Grid-No.2 Suppiy Voltage. . . 300 volts
Grid-No.1 Bias Voltage. . ................ -2 volts
Grid-No.1 Signal Voltage (Penk to Penk) .. . .. 3 volts
Grid-No.2 Resistor. .. .. .. . 24000 ohms
Grid-No.1 Resistor. . 0.1 megohm
Load Resistor.......... 3900 ohms
Zero-Signal Plate Current. . . . 30 ma
Zero-Signal Grid-No.2 Current. ......... . .. .. .. 7.0 ma
Voltage Output (Peak to Peak) .................................... 132 volts
Maximum Circuit Values {For maximum rated conditions):
Grid-No.1 Circuit Resistance:
For fixed-bias operation. . ........ ... .. i i e 0.1 max megohm
For cathode-bias operation. ... .......... ... o, 0.5 mar megohm
AVERAGE PLATE CHARACTERISTICS
TH ECi AS VARIABLE
) o/ LA P g ™ 7
\ \ // w TYPe 6CL6
« E£=26.3 VOLTS
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REMOTE-CUTOFF PENTODE G

2 G,
Glass type used in rf and if stages of radio ©! O, &
receiversemploying ave. Outline40, OUTLINES , 0
SECTION. Tube requires six-contact socket.
6D6 Ezxcept for interelectrode capacitances, this type (20 ,g
is identica) electrically with type 6U7-G. Refer
to type 6SK7 for general application informa- ‘
tion. Heater volts (ac/dc), 6.3; amperes, 0.8. o °
This type is used principally for renewal pur- M H
poses.

SHARP-CUTOFF PENTODE

Glass type used as detector or amplifier in
radio receivers. Outline 40, OUTLINES SEC-
6D7 TION. Heater volts (ac/de¢), 6.3; amperes, 0.3.
For electrical characteristics, refer to type 6J7.
Type 6D7 is a DISCONTINUED type listed
for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Heater volts (ac/dc),
608-6 6.3; amperes, 0.15. Except for interelectrode
capacitances and heater rating, the 6D8-G is
gimilar electrically to type 6A8-G. Type 6D8-G
is 2 DISCONTINUED type listed for reference
only.

SEMIREMOTE-CUTOFF PENTODE

Miniature type used in the gain-

6D C6 controlled picture if stages of color tel-

evision receivers. It is also used as a

radio-frequency amplifier in the tuners

of such receivers. Outline 13, OUT-

LINES SECTION. Tube requires seven-contact miniature socket and may be
mounted in any position.

volts

HEATER VOLTAGE (AC/DC) . . o\t ivtttee e iiiie e neiaianen et iannaeeny g
ampere

3
HEATER CURRENT. . .. iiie it inene it e e 3
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.Lto Plate. .. .......covveiiin i 0.02 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shleld G.g il

Plate to Cathode, Heater, Grid No.2, Grid No. 3, and Internal Shield. . upf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ................. N e PN . 300 max volts
GRI1D-N0.3 (SUPPRESSOR) VOLTAGE 0 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. . 300 max volts

GRID-N0.2 (SCREEN) VOLTAGE See curve page 64
GRID-NO.1 (CONTROL-GRID) VOLTAG
Positive bias value. . . . 0 max volts
PLATE DISSIPATION. ............ e . 2 max watts
GRID-No.2 INPUT:
For grid-No.2 voltages up to 150 volts. .. .....
For grid-No.2 voltages between 150 and 300 volts
PEAK HEATER-CATHQDE VOLTAGE:
Heater negative with respect to cathode.......... .. .. 200 max volts
Heater positive with respect to cathode 200°max volts

.. 0.5 maz watt
ve See curve page 64

Typical Operation and Characteristics:

Plate Voltage. . . ...ttt ittt ittt ittt ittt e tenseseian 200 volts
Grid No8. ...ttt it e e e . Connected to cathode at socket
Grid-No.2 Voltage. ... .. e e e e e, 150 volts
Cathode-Bias Resistor. . .. .. .... e e 180 ohms
Plate Resistance (ApProx.). ... . ... ...t e . 0.5 megohm
TranscondUCtANCe. . . ... ..ottt ittt . 655600 pmhos
Grid-No.1 Bias (Approx.) for transconductance of 50 umhos. . ........... . =125 volts

te CUIPEIL. . ... . ittt iiit e iaeante ettt . 9 ma
Grd-N0.2 CUITeDt. . . ..\ ottt ettt i a e ettt eeannnanns .. 3 ma
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Maximum Circvit Values [For maximum rated conditions):

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ..... e e teseessessssncrsans 0.26 max megohm
For cathode-bias operation................ Crecserssscennae 1.0 max megohm

° The de component must not exceed 100 volts,

AVERAGE PLATE CHARACTERISTICS
T T L
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PLATE VOLTS 92CM-8330T
ELECTRON-RAY TUBE
c A Glass type used to indicate visually by
means of a fluorescent target the effects of a
/ change in a controlling voltage. It is used as a
X0 o convenient means of indicating accurate radio-
RC receiver tuning. Outline 31, OUTLINES SEC- 6E5
‘ TION. Tube requires six-contact socket. Heater
volts (ac/dc), 6.3; amperes, 0.3. For additional
o o considerations, refer to Tuning Indication with
" H Electron-Ray Tubes in ELECTRON TUBE

APPLICATIONS SECTION.

TUNING INDICATOR

Maximum Ratings:

. PLATE-SUPPLY VOLTAGB. . .... %gg max vo}ts
max volts
TABGET VOLTAGE . . . .0t vvurureunssnenssonncsssesasseesennssonnsanans 125 min volts
Typical Operation:
Plate and Target Supply........cciiviniivenevincenaannss 200 250 volts
Series Triode-Plate Resistor. . . . PP Creeteceraans e 1 1 megohm
Target Current*t. . ................... et .. 3 4 ma
Triode-Plate Current*. ............... Cheteaeresae s . 0.19 0.24 ma
Triode-Grid Voltage (Apgrox.):
Forshadowangle of 0°. . ... ........ccoouiiinriinnnnnns -6.5 -8.0 volts
Forshadowangle of 90, . ... ... ......iviiiiiniennnnnnn [1] [1] volts

* For zero triode-grid voltage. t Subject to wide variations,

TWIN POWER TRIODE

Glass type used as class A: amplifier in
either push-pull or parallel circuits. Outline 38,
OUTLINES SECTION. Heater volts (ac/de}, 6E6
6.3; amperes, 0.6. With plate volts of 260 and
grid volts of —27.5, characteristics for each unit
are: plate ma., 18; plate resistance, 35600.ohms;
transconductance, 1700 umhos; amplification
factor, 6. With plate-to-plate load resistance
of 14000 ohms, output watts for two tubes is 1.6. This is a DISCONTINUED type listed for ref-
erence only.
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REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemployingave. Qutline40, OUTLINES
SECTION. Except for interelectrode capaci-
6E7 tances, this type is identical electrically with
type 6U7-G. Heater volts (ac/dc), 6.8; amperes,
0.3. This is a DISCONTINUED type listed

for reference only.

HI-MU TRIODE

|4 NC
Metal type 6F5 and glass-octal type 6F5- o o G
GT used in resistance-coupled amplifier cir- NC o,

LINES SECTION. Tubes require octal socket
and may be mounted in any position. Type
6F5 GT 6F5-GT may be supplied with pin No.1 omitted. ™ e \‘/ o H
- For typical operation as a resistance-coupled o

amplifier, refer to Chart 17, RESISTANCE- s:@F5

COUPLED AMPLIFIER SECTION. For NC5F5-GT
heater and cathode considerations, refer to type 6AV6. Heater volts (ac/dc), 6.3; amperes, 0.3, Typical
operation as class A, amplifier: plate volts, 250 (300 maz); grid volts, -2; amplification factor, 100; plate
resistance, 66000 ohms; transconductance, 1500 umhos; plate ma., 0.9. These types are used principally
for renewal purposes.

6F 5 cuits. Outlines 4 and 21, respectively, OUT-

K

G2 Gy

6':6 POWER PENTODE ’

Metal type 6F6 and glass-octal
O6F6-G types 6F6-G and 6F6-GT are used in
the audio output stage of ac receivers.
6F6-GT They are capable of large power out- s:fe O g
put with relatively small input voltage. “c{gre-&t 3
Outlines 6, 37, and 27, respectively, OUTLINES SECTION. Type 6F6-GT may
be supplied with pin No.1 omitted. Tubes require octal socket and may be mounted
in any position. It is especially important that these tubes, like other power-
handling tubes, be adequately ventilated. Type 6F6-G is used principally for
renewal purposes.

HEATER VOLTAGE (AC/DC). ...... 6.3 volts
HEATER CURRENT. ... ...0ovoevennnnns 0.7 ampere
Maximum Ratings: SINGLE-TUBE CLASS A, AMPLIFIER

PLATE VOLTAGE. ... .....c0ovuivnnnananannn teteseectecttanentiatacienas 376 mazx volts
GRID-NO.2 (8CREEN) VOLTAGRE. .. .......... [ i ieeee e, 286 max volts
PLATE DISSIPATION . . ... .iiiiiiiiinanenannns 11 max watts
GRID-NO.Z INPUT. . .. .. ittt et iieiniieeeerrannnneeneenns 3.76 max watts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode...............ccuuvunns. e 90 max volts

Heater positive with respect tocathode.................cooviiiuun... 90 maz volts
Typical Operatian: Fixed Bias Cathode Bias
Plate Voltage. . ................. 250 286 260 285 volts
Grid-No.2 Voltage............... 250 286 250 286 volts
Grid-No.1 (Control-Grid) Voltage. ~16.5 -20 - - volts
Cathode Resistor. ............... - - 410 < 440 ohms
Peak AF Grid-No.1 Voltage...... 16.56 20 16.5 20 volts
Zero-Signal Plate Current. . ... e 34 38 34 38 ma
Maximum-Signal Plate Current.. .. 36 40 36 38 ma
Zero-Signal Grid-No.2 Current. ... 6.5 7 6.6 7 ma
Maximum-Signal Grig-No.2......

Current..........co0vunnnn .. 10.5 13 9.7 12 ma
Plate Resistance (Approx.)....... 80000 78000 - - ohms
Transconductance. . ........... .. 2500 2550 - - smhos
Load Resistance................. 7000 7000 7600 7600 ohms
Total Harmonic Distortion. ...... 8 9 8.5 9 per cent
Maximum-Signal Power Output. .. 3.2 4.8 3.1 4.6 watts
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Maximum Ratings: PUSH-PULL CLASS A, AMPLIFIER

(Same as for single-tube class A, amplifier}

Typical Operation (Values are for two tubes): Fized Bias Cathode Bias

Plate Voltage. . . ... iiiiii ittt iiiieiiirnneasaas vees 315 315 volts
Grid-No2 Voltage. . ... ....c.oiiiiiiiiiieienennnnnens een 2856 286 volts
Grid-No.1 (Control-Grid) Voltage. . . ........ccovuuun.. e -24 - volts
Cathode Resistor. .. ....... . iiiiriniiiiirennnennnnen e - 320 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage.................. 48 58 volts
Zero-Signal Plate Current. .............cc0vevennan.. S 62 62 ma
Maximum-Signal Plate Current................. veeans ens 80 73 ma
Zero-Signal Grid-No.2Current. .................... e 12 12 ma
Maximum-Signal Grid-No.2 Current. .. .................... 19.5 18 ma
Effective Load Resistance (Plate-to-plate) ............. vee. 10000 10000 ohms
Total Harmonic Distortion., . ...........ccoiieriiiennennns 4 3 per cent
Maximum-Signal Power Output........................... 11 10.5 watts

MEDIUM-MU TRIODE—
REMOTE-CUTOFF PENTODE

Glass type adaptable to circuit design in
several ways. Except for common cathode, the
triode and pentode units are independent of
each other. Outline 86, OUTLINES SECTION.
Heater volts (ac/dc), 6.3; amperes, 0.3. Typical
operation of pentode unit as class A, amplifier:
plate volts, 250 maz; grid-No.2 volts, 100;
grid-No.1 volts, -8; plate resistance, 0.85 meg-
ohm; transconductance, 1100 umhos; plate ma.,

6F7

6.5; grid-No. 2 ma., 1.5. Typical operation of triode unit as class A amplifier: plate volts, 100 maz; grid
volts, -3; amplification factor, 8; plate resistance, 0.016 megohm; transconductance, 500 ymhos; plate

ma., 3.5. This type is used principally for renewal purposes.

MEDIUM-MU TWIN TRIODE

Glass octal type used as voltage amplifier
or phase inverter in radio equipment. Except for
common heater each triode is independent of the
other. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Except for the heat-
er rating of 6.3 volts (ac/dc) and 0.6 ampere and
interelectrode capacitances, each triode unit is
{dentical electrically with type 6J5. For typical
operation as a resistance-coupled amplifier, refer
to Chart 13, RESISTANCE-COUPLED AM-
PLIFIER SECTION. Type 6F8-G is used
principally for renewal purposes.

G2 & POWER PENTODE

Glass octal type used in output stage of
' / radio receivers where moderate power output is
required. This type is economical because of its
low plate-power requirements and low heater
(2) () current. Outline 33, OUTLINES SECTION.
/ Tube requires octal socket. Except for inter-
electrode capacitances and a plate resistance of
NC Gy 175000 ohms, this type is electrically identical
amperes, 0.15. This type is used principally for

renewal purposes.

Ko, Ppy
Poz_ 7 TWIN DIODE
Q) Metal type 6H6 and glass-octal
© ©, type 6H6-GT are used as detectors,
H V/ " low-voltage rectifiers, and ave tubes.
see ()" (e) Except for the common heater, the
15:6H6GT KDy two diode units are independent of

6F8-C

6G6-G

6H6
6H6-GT

each other. For diode detector considerations, refer to ELECTRON TUBE AP-
PLICATIONS SECTION. Type 6H6-GT is used principally for renewal purposes.
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HEATER VOLTAGE (AC/DC). . ..ttt tiiinannserorsnnasnessenncenasrsonnas 6.3 volta
HEATER CURRENT. . .. ...ttt titiiiuuninnnnsrsoresssscnsunnnenosssassas 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
6H6 6H6-GT
Plate No.1 to Cathode No.1............oovvunnennnn.. 3.0 3.0 unf
Plate No.2 to Cathode No.2.......................... 3.4 4.0 upl
Plate No.1toPlate No.2. . . ...........ccviiivenunn.. 0.1 max 0.1 maz pul

t With shell or external and internal shields connected to cathode.

Maximum Ratings: RECTIFIER OR DOUBLER

PEAK INVERSE PLATE VOLPAGE. .. ... ivitinneieeeriennnenseerssonsssenss 420 max volts
PEAK PLATE CURRENT PER PLATE. .. ... ... iiiiiiiiiiiiniriiennnnnnncnonns 48 mazx ma
DC OuTPUT CURBRENT PER PLATE. . ... .. ... .iiiitiriiansrennnnnannonnnes 8 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . ..,..coovuririivrnrnnrnnennnnns 330 max volts
Heater positive with respect to cathode. . .........cvivvenirnnrnennnens. 330 max volta

Typical Operation (As Half-W ave Rectifier):*

AC Plate Voltage per Plate (rms) .......................... 117 150 volts
Min. Total Effective Plate-Supply Impedance per Plate® ..... 16 40 ohms
DC Output Current per Plate. . . ..........cciviieeivennnn. 8 8 ma
Typical Operation {As Voltage Doubler): Half-Wave Full-Wave

AC Plate Voltage per Plate (rms) .......................... 117 117 volta
Min. Total Effective Plate-Supply Impedance per Plate® ... .. 30 16 ohms
DCOutput Current. .. ........covuirinrerenrnnnnenennnsns 8 8 ma

* In half-wave service, the two units may be used separately or in parallel.

° When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

INSTALLATION AND APPLICATION

Types 6H6 and 6H6-GT require an octal socket and may be mounted in any
position. Type 6H6-GT may be supplied with pin No.1 omitted. Outlines 1 and 23
respectively, OUTLINES SECTION. For heater and cathode considerations, refer
to type 6AV6.

For detection, the diodes may be utilized in a full-wave circuit or in a half-
wave circuit. In the latter case, one plate only, or the two plates in parallel, may be
employed. For the same signal voltage, the use of the half-wave arrangement will
provide approximately twice the rectified voltage as compared with the full-wave
arrangement.

For automatic-volume control, the 6H6 and 6H6-GT may be used in circuits
similar to those employed for any of the twin-diode types of tubes. The only differ-
ence is that the 6H6 and 6H6-GT are more adaptable because each diode has its
own separate cathode.

MEDIUM-MU TRIODE P

6J 5 Metal type 6J5 and glass-octal

type 6J5-GT used as detectors, ampli- G)

6J 5_GT fiers, or oscillators in radio equipment. "\ Ny
These types feature high transconduct- 5608

ance together with comparatively 8ciéJs-GT

high amplification factor. Outlines 8 and 25, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For heater and

cathode considerations, refer to type 6AV6. For typical operation as resistance-
coupled amplifiers, refer to Chart 13, RESISTANCE-COUPLED AMPLIFIER

SECTION.
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HEATER VOLTAGE (AC/DC) ..\ e ie ittt iinetteeiinsesinntasesannnecesannens 6.3 volts
HEATER CURRENT. ... .ot tittttttnanne et eaiaeareensnnnnacesonesnnannns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6J5% 6J5-GT*+*
Gridto Plate. ..ottt it 3.4 3.8 uuf
Grid to Cathode and Heater. .. ........................ 3.4 4.2 puf
Plate to Cathode and Heater. .. .. ..................... 3.6 5.0 ppd
* Shell connected to cathode. **Bagse sleeve and external shield connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . .01ttt ttie et vetan o iinteeeneesnneonnnsonnennnn 300 max volts
GRID VOLTAGE, Positive Bias Value ... .......... ... ... .. ... ............. 0 max volts
PLATE DISSIPATION . . ..ttt ittt iet ittt it e e et e e et 2.5 max watts
PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 90 max volts
Heater positive with respect to cathode. . 90 max volts
CATHODE CURRENT. .« ottt ittt ettt eunessnnseonaeannneeeananneennnes . 20 max ma
Typical Opergﬁon:
Plate Voltage. . .......co vt e e 90 250 volts
Grid Voltage.............. At 0 -8 volts
Amplification Factor.......... e e, 20 20
Plate Resistance. . . ......... ... ittt iiiiannn, 6700 7700 ohms
TransconduUCtanCe. . ... ....ovuetnn e enrrnrononeeeenannennnnns 3000 2600 pmhos
Grid Bias (Approx.) for plate current of 10ua. .. ................ -7 -18 volts
PlateCurrent. .. ... ...t i i 10 9 ma
Maximum Circuit Value:
Grid-Circuit Resistance. . ... ............. . . it e, 1.0 max megohm
AVERAGE PLATE CHARACTERISTICS
e T T
TYPE 6J5
E ¢=86.3 VOLTS I
/
hd
" M
12 "lu/ '/ Iv/
g [/
¢ ol.
P 1 o
: 2/
Jg “
: AN L)
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% £, .
2 ’
V7V ¥ 7 7 /' /' / =
%,
/ / / / / / ('J ,q, >
VAN ?
4 A A A / / /— [ 1
o 80 160 24 320 400 480
PLATE VOLTS Q2CM-4TTIT

MEDIUM-MU TWIN TRIODE

Miniature type used as an rf power
amplifier and oscillator or as an af am- 6J6
plifier. With a push-pull arrangement
of the grids and with the plates in
parallel], it is also used as a mixer at

frequencies as high as 600 megacycles per second. Outline 13, OUTLINES SEC-
TION. Tube requires miniature seven-contact socket and may be mounted in any

position. For heater and cathode considerations, refer to type 6AQ5.
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HEATER VOLTAGE (AC/DC). ... .iiiiiieiiiinnnnnsonnnnenns Ceieeretiiaaes 6.8 volts
HEATER CURRENT. . ...ttt itttiatnnnnnnnesaecannsnnnns P IR | Y 1 ampere
DIRECT INTERELECTRODE CAPACITANCES (Each Unit, Approx.):
GridtoPlate. ...................... P et 1.6 upf
Grid to Cathode and Heater. ......................... e ieeiaaaa 2.2 )
Plate to Cathode and Heater. . ...............ccvvurnnn. . Ceven. 0.4 ppf

Maximum Ratings:

PLATE VOLTAGE. .. ...t iiiiiiieestannsesesasraseeasnennnns v 300 max voits
PLATE DISSIPATION (PER UNIT) . . ...t titttnernncneannnnransaneeanaas .. 1.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. et reesetnenenan 100 maz volts
Heater positive with respect to cathode.......... teesstetensennanane 100 mazx volts

Typical Operation (Each Unit}:

Plate Voltage. . .....o it i ittt itiiceriniaennnenns e 100 volta
Cathode-Bias ResIBtor. .« .. oiit ittt iteiiiieinniennineneenneann ves 50t ohms
Amplification Factor. .. ... oo i i i i e, .. 3%

Plate Resistance. . ... ... . iiiiiiiiiiiiiiiiieennenerenniiennenenns 7100 ohms
TransconduCtanee. o v . v vutetn s ieneereanonueneenneeesosorenaessnnns s 5300 umhos
Plate Current, .. ....ci vttt iiiiiiiiircneeranntcnnnennn 8.5 ma

Maximum Circvit Values (For maximum rated conditions):

Grid-Circuit Resistance:
For fixed-bias operation. . . ... ... ... .. .. . i, . Not recommended
For cathode-bias operation. . . ....... .. ... ... .. .. . . . . . . iiiirennns . 0.6 max megohm
t Value is for both units operating at the specified conditions.

AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT

N o] TYPL 6J6
HE £s = 6.3VOLTS

O,

PLATE (Ip) OR GRID (1¢ ) MILLIAMPERES
»
o

A
.. //? oo
e <2 25/4 [

A0

I

"
0 100 200 300 400 500 600
PLATE VOLTS 92CM-0403T)

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Values are for both units, unless otherwise specified.
Maximum Ratings:

DC PLATE VOLTAGE. ........... Fereeasieaiaieesanas e ieesieieesesaa 800 maz volts
DC GRID VOLTAGE. . ........... heeaeeieaas e tairii e ‘e -40 max volts
DC PLATE CURRENT (PER UNIT)........ Ceerraanen Cereeeretiaenneones . 16 mazx ma

DC GRID CURRENT (PER UNIT)........c0c0uvnnnnns Ceciesasensans 8 maz ma
DC PLATE INPUT (PER UNIT) . ¢ .t tvtvveeenianrennnnronsonesannncnnsss 4.5 maz watts
PLATE DISSIPATION (PER UNIT)........000vv.... Geeieraean 1.6 maz watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . .... reeeaen eenn 100 max volts
Heater positive with respect to cathode. .......... P . . 100 max volts
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Typical Operation:}

DC Plate Voltage....,..... ) 150 volts
DC Grid Voltage® .. ............. Ceeeeanas -10 volts
DC Plate Cupr¢nt. . ... e . 30 ma
DC Grid Current (Approx.). 16 ma
Driving Power (Approx.)........... 0.356 watt
Power Output (ADPPIOX.) . . v v vverrevrneererorocroassesnasnssasnsssaa .o 3.5 watts

{ At moderate frequencies in push-pull. Key-down conditions without modulation. At 250 Mc, approxi-
mately 1.0 watt can be obtained when the 6J6 is used as a push-pull oscillator with a plate voltage of
160 volts, with maximum rated plate dissipation, and with a grid resistor of 2000 chms common to
both units.

° Obtained by grid resistor (625 ohms), cathode resistor (220 ohms), or fixed supply.

SHARP-CUTOFF PENTODE 6J7
Metal type 6J7 and glass-octal
types 6J7-G and 6J7-GT are used as 6J7-G
biased detectors or high-gain audio
: amplifiers in radio receivers. Outlines 6J 7 -GT
BC:6J7-GT K 4,35,and 24, respectively, OUTLINES

SECTION. Type 6J7-GT is used principally for renewal purposes. Type 6J7-Gis a
DISCONTINUED type listed for reference only. All types require octal socket and
may be mounted in any position. For typical operation as resistance-coupled ampli-
fiers, refer to Charts 11 and 14, RESISTANCE-COUPLED AMPLIFIER SEC-
TION. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC)...vvnrevverinunnnncseseens Ceetras e 6.8 volts
HEATER CURRENT. . ... ..civrierneosaannacean, rreaaoias eeaameaneenes 0.3 ampere
Maximum Ratings: CLASS A, AMPLIFIER (Penfode Connection)
PLATB VOLTAGE. ... iivis it it iereencnnnannananns 300 max volts
GRID-NO.2 (BCREEN) VOLTAGE R See curve page 64
GRID-NO.2 SUPPLY VOLTAGER. ... ......c0oivvveoenuncnnnnasnon Ceeaeseees 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.. .... N eos 0 max volts
PLATE DISSIPATION. ...... TSP 0.75 max watt
GRrID-No0.2 INPUT:
For grid-No.2 voltagesup to 160 volts. . . . ......... o ivivreennene v 0.10 max watt
For grid-No.2 voltages between 150 and 300 volts. .. ................ . See curve page 64
PEAK HRATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... Cereseresenoae esaes 90 max volts
Heater positive with respect tocathode. ..........c.covvievcrnisnnns 90 max volts
Typical Operation:
Plate Voltage......... 100 250 volts
Grid No.3 (Suppressor). . .. Connected to cathode at socket
Grid-No.2 Voltage.............co0vnus RN eeee. veee 100 100 volts
Grid-No.1 Voltage. . ... et rreee et R -8 -3 volts
Plate Resistance. . . .....c.vviuiuivveniniioenecansoas [ 1.0 . megohm
Transconductance. .. .......ocvvvriirreunsonnanennress ves 1185 1225 pmhos
Grid-No.1 Bias (Approx.) for cathode-current cutoff ......... -7 -7 voits
PlateCurrent. ........coiiitiveieiieeiinennnns et . 2 2 ma
Grid-No.2 Current..... [ Chreieeniees Cereaaes . 0.6 0.5 ma
Maxmimum Cirevit Valve:
Grid-No.1-Circuit Resistance. . ..........cciiiviuiieirnirrnrecnersan e 1.0 max megohm
Maximum Ratings: CLASS A, AMPLIFIER (Triode Connection)®
PLATE VOLTAGE. . ...\ttt titin s iornnnsansosnersssnennnnnnns 250 maz volts
GRID-No0.1 VOLTAGE, Positive Bias Value . 0 max volts
PLATE AND GRID-NO.2 DISSIPATION (TOTAL) . ...vvveveennnes . . 1.75 max watts
Typical Operation:
Plate Voltage............... 260 volts
Grid-No.1 Voltage. . ............... eees ceeranas . -8 volts
Amplification Factor............. P 20
Plate Resistance. . .........cccoveennnn e . .. 10500 ohms
Transconductance, . ...vveervrrneernernsonronans 1800 umhos

Plate Current. . ...coovvveenieennvocrsnnensscens . 6.6 ma




RCA Receiving Tube Manual

Maximum Circuit Valve:

Grid-No.1-Circuit Resistance..... 1.0 mar megohm
* Greater than 1.0 megohm.
° Grids No.2 and No.3 connected to plate.

TRIODE—HEPTODE CONVERTER

Glass octal type used as a combined triode

oacillator and heptode mixer in radio receivers.

Outline 35, OUTLINES SECTION. Tube re-

6J 8-G quires octal socket. Heater volts (ac/dc), 6.3;

amperes, 0.3. Typical operation—Heptode unit:

plate volts, 250 (300 mex); grids-No.2-and-No.4

volts, 100 maz; grid-No.1 volts, —3; plate re-

sistance, 1.5 megohms; conversion transconduc-

tance, 290 umhos; plate ma., 1.4; grids-No.2-and-No.4 ma., 2.8. Triode unit: plate volts, 250 maz

(applied through 20000-ohm dropping resistor); grid resistor, 50000 ochms; plate ma., 5.0. This type is
used principally for renewal purposes.

HIGH-MU TRIODE

Glass octal type used as voltage amplifier
in radio equipment. Qutline 24, OUTLINES
SECTION. Tube requires octal socket. Heater
volts (ac/dc), 6.3; amperes, 0.3. Characteristics
6K5-GT as class A; amplifier: plate volts, 250 maz; grid
volts, —3; amplification factor, 70; plate resis-
tance, 50000 ohms; transconductance, 1400
umhos; plate ma., 1.1. This is a DISCONTIN-
UED type listed for reference only.

POWER PENTODE

6K 6 GT Glass octal type used in output
- stage of radio receivers and, triode-
connected, as a vertical deflection am- *~ @ \“/ OF

plifier in television receivers. It is capa- () (8)x

ble of delivering moderate power out- NC G3
put with relatively small input voltage. Tube may be used singly or in push-pull.
This type may be supplied with pin No.1 omitted. Tube requires octal socket and
may be mounted in any position. OQutline 23, OUTLINES SECTION. It is espe-
cially important that this tube, like other power-handling tubes, be adequately
ventilated.

HEATER VOLTAGE (AC/DC). . ...ttt ittt iiin et iannonarearenenns 6.3 volts
HEATER CURRENT. ... .ttt ittt ottt aeaeeaaenaanans 0.4 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.l to Plate. ..... N 0.6 puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 5.6 puf
Plate to Cathode, Heater, Grid No.2, and Grid No.3.. .. ............. 6.0 uuf
Maximum Ratings: CLASS A, AMPLIFIER (Pentode Connection)
PLATE VOLTAGE. . . .. ittt iiii e nceintaecnaens 3156 maz volts
GRID-NO.2 (8CREEN) VOLTAGE 286 mazx volts
PLATE DISSIPATION. ............... .. 8.8 max watts
GRID-NO.2 INPUT . ..ottt ettt s iiieaae e aeianniaonanss 2.8 max watts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value. ............... 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.................... e . 200 max volts
Heater positive with respect tocathode. . ..................c.....ut. 200* mazx volts
* The de component must not exceed 100 volts.
Typical Operation:
Plate Voltage. . .............ccoiiinrienannnn. 250 316 volts
Grid-No.2 Voltage. .............. . 250 2560 volts
Grid-No.1 (Control-Grid) Voltage. -18 -21 volta

Peak AF Grid-No.1 Voltage. ................. 18 21 volts
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Zero-Signal Plate Current. . .................. 9 32 26.6
Moximum-Signal Plate Current............... 9.6 33 28
Zero-Signal Grid-No.2 Current. ............... 1.6 5.6 4.0
Maximum-Signal Grid-No.2 Current........... 3 10 9
Plate Resistance (Approx.)..........covuveuns 104000 90000 110000
Transconductance. .............coivveeunnnnn 1500 2300 2100
Load Resistance. . ........................... 12000 7600 9000
Total Harmonic Distortion. .. ................ 11 11 16
Maximum-Signal Power Output............... 0.35 3.4 4.5
Fized Cathode
Typical Push-Pull Op eration (Values are for two tubes): Bias Bias
Plate Voltage. . .........ovviiiiiiininnsas et . 286 286
Grid-No.Z2 Voltage. . . .....oovviriieiinniiinenncneans ceen 285 285
Grid-No.1 (Control-Grid) Voltage........... hrerereeaaas -25.6 -
Cathode ResiBtOr. .. ... ... . iuiiiriiniesronnnnnanancnsn . - 400
Peak AF Grid-: No 1-to-Grid-No.1 Voltage. .. ............. .. 51 51
Zero-Signal Plate Current. . .. .............. P s b6 55
Maximum-Signal Plate Current.............. Ceee i . 72 61
Zero-Signal Grid-No.2 Current.............. Cerrerecreenns 9 9
Maximum-Signal Grid-No.2 Current. ............... [ 17 18
Effective Load Resistance (Plate-to-plate)............. venss 12000 12000
Total Harmonic Distortion. . .................... e 6 4
Maximum-Signal Power Qutput..........c.ccoovivveeenninas 10.5 9.8

Maximum Circuit Valuves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ........... e tee et Greesietecatans 0.1 maz
For cathode-bias operation. . ... N heeerairervetaresrreieans 0.6 maz
Characteristics (Triode Connection)*:
Plate Voltage. . . .. ...oovitt i iiisieransssannransssnnssnns e 2560
Grid-No.1 Voltage. .......................... reeereaaeas e iirereera -18
Plate Current. . . ... ...ttt e 87.5
Transconductance. . ... ... ittt it e AN 2700
Amplification Factor. .. ... ... ... ... it i it e 6.8
Plate Resistance (APProX.). . . . . ...ttt ittt ittt enenenns 2600
Grid Voltage (Approx.) for plate currentof 0.5 ma...................... —48
* Grid-No.2 connected to plate.
AVERAGE PLATE CHARACTERISTICS
ENTODE CONNECTION
89 D " T T T
€< TYPE 6K6-GT
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PLATE VOLTS 92CM~-488ITL
VERTICAL DEFLECTION AMPLIFIER (Triode Connection)*
Maximum Ratings: For operation in a 525-line, 80-frame system
DC PLATE VOLTAGE. . . .0ttt it ittt eee it aaariennnaeaanes 315 maz
PEAK POSITIVE-PULSE PLATE VOLTAGET (Absolute mazimum) . .. 1200°maz
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE. ............ —250 mazx
CATHODE CURRENT:
5 S 75 max
............................................................ 25 mazx
PLATE DISSIPATION . . . oo o oo 7 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ..................ccvcnnenn. 200 maz
Heater positive with respect to cathode. .. .............. ... o0vult. 200mmazx

ma

- ma
ma
ma
ohms
umhos

per cent
watts

volts
volts
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ma
ma
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ma
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megohm

volts
volts
ma
pmhos

ohms
volts

volts
volts
volts
ma
watts

volts
volts



RCA Receiving Tube Manual

Maximum Circuit Valve:
Grid-No.1-Circuit Resistance:

For cathode-bias operation............co0nvuuns 2.2 max megohms
* Grid No.2 connected to plate.

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. In a 526
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

° Under no circumstances should this absojute value be exceeded.
8 The de component must not exceed 100 volts.

REMOTE-CUTOFF PENTODE

6K7 Metal type 6K7 and glass-octal types 6K7-
G and 6K7-GT used in rf and if stages of radio

receivers, particularly in those employing ave.

6K7-G Outlines 4, 35, and 24, respectively, OUT-

LINES SECTION. These tubes require octal
6K7_GT socket and may be mounted in any position.
For electrode voltage supplies and application, ,2.0%7
refer to type 6SK7. For heater and cathode BC:6K™GT K
considerations, refer to type 6AV6, Heater volts (ac/dc), 6.3; amperes, 0.3. Typical operation and
maximum ratings as class Al amplifier: plate volts 250 (300 maz); grid No.3 connected to cathode at
socket; grid-No.2 supply volts, 300 max; grid-No.2 volts, 125; grid-No.1 volts, -3; plate resistance, 0.6
megohm; transconductance, 1650 umhos; plate ma., 10.5; grid-No.2 ma., 2.6; plate dissipation, 2.756 max
watts; grid-No.2 input, 0.35 maxr watts. These types are used principally for renewal purposes.
Gayy GT

Gapy Ginx
6K8 TRIODE-HEXODE CONVERTER
Metal type 6K8 and glass-octal
6K8-G typeﬁ 6K8G and 6K8-GT used as
combined triode oscillator and hexode
6K8-GT mixer in radio receivers. Type 6K8, s
Outline 5, type 6K8-G, Outline 35, BCieks-GT K

OUTLINES SECTION. Types 6K8-G and 6K8-GT are DISCONTINUED types
listed for reference only. Tubes require octal socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6AV6. For applica-
tion, refer to Frequency Conversion in ELECTRON TUBE APPLICATIONS
SECTION.

HEATER VOLTAGE (AC/DC). . 6.3 volts
HEATER CURRENT. . ..... e SR .. . 0.3 ampere
Maximum Ratings: CONVERTER SERVICE
HEXODB PLATE VOLTAGE. tavvesionvnrvnnaneetesersosnnsneciassnns e 300 max volts
HEXODE GRIDS-N0.2-AND-N 0.4 (SCREEN) VOLTAGE 150 max volts
HEXODE GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE. . . .....ovuuvennnanianns 300 mazx volts
HEX0DE GRID-N0.3 (CONTROL-GRID) VOLTAGE, Positive Bias Value ........ 0 max volts
TRIODE PLATE VOLTAGE. . . .. . iitiiiitttinnretrassannnsonssansnsnaa 125 max volts
HEXODE PLATE DISSIPATION. ... ... . itiiiiiitiirnnoncnnannnsncsnas . 0.75 max watt
HEXODE GRIDS-NO.2-AND-NOM4 INPUT ......oiviiiiiiiinnniinnninenes 0.7 max watt
TRIODE PLATE DISSIPATION. . . .« .t vivennnnnrensnanen Cereeereeraea 0.76 maz watt
ToTAL CATHODE CURRENT. . ... e ivvinnennann e Cereenn evaas 16 maz ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......... Cheseereans e .. 90 max volts

Heater positive with respect to cathode. .. .......cv0vviiiiiininnnnns 90 max volts
Typical Operation:
Hexode Plate Voltage. . ..........c.cvveveuiinanoes Ceeeerees 100 250 volts
Hexode Grids-No.2-and-No.4 Voltage . .. 100 100 volts
Hexode Grid-No.3 Voltage. .. .. . -3 -3 volts
Triode Plate Voltage. . ....... 10 100 volts
Triode Grid Resistor............. e 50000 50000 ohms
Hexode Plate Resistance (Approx.)..... vae v 0. 0, megohm
Conversion Transconductance. . . ... .. ovvvernarcneoarnsas 3256 350 pmhos
Hexode Grid-No.8 Voltage (Approx.) for conversion transcon-

ductance of 2 umhoS. . ... oottt i -30 -30 volts
Hexode Plate Current. .. ..........coirvenecvnranonsonens 2.3 2.5 ma
Hexode Grids-No.2-and-No4 Current..........covvvinevnnn 6.2 8.0 ma
Triode Plate Current. ... ...........c.iiiiiiiiienneeenanns 3.8 3 ma
Triode Grid and Hexode Grid-No.1 Current................ 0.15 0.15 ma
Total Cathode Current. .. ............iiiierinrrneanisens 12.6 12.5 ma

(=3

The transconductance of the triode section, not oscillating, of the 6K8 is approximately 300
wumhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts.
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MEDIUM-MU TRIODE

ma., 8; plate resistance, 9000 ohms; amplifica-

G
Glass octal type used as detector, amplifier,
s e or oscillator in radio receivers. OQutline 33, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3; 6'.5 G
amperes, 0.16. Typical operation and character- -
" e N | / o " istics: plate volts, 250 max; grid volts, —9; plate

tion factor, 17; transconductance, 1900 umhos;

NC " grid-bias volts for cathode-current cutoff, -20.
This is a DISCONTINUED type listed for
reference only.

BEAM POWER TUBE

of radio receivers and amplifiers, es-
pecially those designed to have ample
reserve of power-delivering ability.

Metal type 6L6 and glass-octal 6'-6
type 6L6-G are used in output stage 6L6-G

These types provide high power output, sensitivity, and high efficiency. Power
output at all levels has low third and negligible higher-order harmonics. For dis-
cussion of beam power tube considerations, refer to ELECTRONS, ELEC-

TRODES, AND ELECTRON TUBES SECTION.

6.3

. 0.9

DIRECT INTERELECTRODE CAPACITANCES (Approx.)*: 6L6 6L6-G
Grid No.ltoPlate. . ...... ... .. ... 0.4 0.9
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3.. 10 11.5
Plate to Cathode, Heater, Grid No.2, and Grid No.3...... 12 9.5

* Pin No.l1 connected to pin No.8.

Maximum Ratings: SINGLE-TUBE CLASS A, AMPLIFIER

PLATE VOLTAGE. . ... 0.ttt iisenssnonnsansnesnannonnnns veen 360 max
GRID-NO.2 (SCREEN) VOLTAGE. . . .. ... vvneuracacns i e ens 270 maz
PLATE DISSIPATION. .. .........civiiinnnnnnn Ceeeree et .. 19 maz
GRID-NO.Z INPUT . .. . it iiiieeiaieeenasrunnrennnasnnasnns 2.6 maz
PEAK HEATER-CATHODE VOLTAGE: .

Heater negative with respect tocathode......................cov0ets 180 max

Heater positive with respect to cathode. . ............... ... ... ... 180 mazx
Typical Operation: Fixed Bias Cathode Bias
Plate Voltage. .. ......coivvniiiiieennnes [ 250 350 250 300
Grid-No.2 Voltage. . ...........ciiiiiiiiiirannans 250 250 250 200
Grid-No.1 (Control-Grid) Voltage. ...........ccu.0n -14 -18 - -
Cathode Resistor. .........oiviiviiniininennenanns - - 170 220
Peak AF Grid-No.1 Voltage. .. .......co0veunnsenn 14 18 14 12.5
Zero-Signal Plate Current. ... .................... 72 54 75 51
Maximum-Signal Plate Current . .................. 79 66 78 54.5
Zero-Signal Grid-No.2 Current. . .........0ovunnn.. 5 2.5 5.4 3
Maximum-Signal Grid-No.2 Current............... 7.3 7 7.2 4.6
Plate Resistance. . .. .......coiitinrernennannonn 22500 33000 - -
Transconductance. . . ......covivevrnnerrannneannons 6000 5200 - -
Load Resistance. . .. ......cooovivienernencaseans . 2500 4200 2500 4500
Total Harmonie Distortion. ................. . 10 15 10 11
Maximum-Signal Power Qutput............. PN 6.5 10.8 6.6 6.5

SINGLE-TUBE CLASS A, AMPLIFIER (Triode Connection)}
Maximum Ratings:

PLATE VOLTAGE. . ... oiivrintnviinnannnnsans 276 max
PLATE AND GRID-N0.2 DISSIPATION (TOTAL)....... ceseesesvennsessnenns 12.5 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with réspect to cathode.............. Ceesesevseaanna 180 mazx
Heater positive with respect to cathode.............. Ciesireianaeene 180 mazx

volts
ampere

uuf
uuf
puf

volts
volts
watts
watts

volts
volts

volts
volts
volts

volts

uamhos
ohms
per cent
watts

volts
watts

volts
volts
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Typical Operation: Fized Bias Cathode Bias
Plate Voltage. . . .. ... oo, 250 250 volts
Grid-No.1 (Control-Grid) Voltage. .. ...................... -20 - volts
Cathode Resistor. ....................................... - 490 ohms
Peak AF Grid-No.1 Voltage . ............................. 20 20 volts
Zero-Signal Plate Current. . .. ............... ... ......... 40 40 ma
Maximum-Signal Plate Current. ... .. ..................... 44 42 ma
Plate Resistance. . . ............... ... ... .............. 1700 - ohms
Amplification Factor............... ... ... ... .. ... ..... 8 -
‘Transconductance. . .. 4700 - pmhos
Load Resistance . . ..........o..ivuini i .. 5000 6000 ohms
otal Harmonic Distortion 53 6 percent
Maximum-Signal Power Qutput. .......................... 1.4 1.8 watts

$ Grid No.2 connected to plate.
Maximum Rafings: PUSH-PULL CLASS A, AMPLIFIER

{Same as for single-tube class A, amplifier)

Typical Operation (Valves are for two tubes) Fixed Bias Cathode Bias

Plate Voltage. .. ......oovvrivvravennnennnnenn... 250 270 270 volts
Grid-No.2 Voltage. . . .....cooviuinenn e ... 250 270 270 volts
Grid-No.1 (Control-Grid) Voltage. ................ -16 -17.5 - volts
Cathode Resistor. . .............. .. .oouivun. .. - — 125 ohms
Peak AF Grid-No.1-to-Grid-No.l Voltage .......... 32 35 28.2 volts
Zero-Signal Plate Current. . ...................... 120 134 134 ma
Maximum-Signal Plate Current................... 140 156 145 ma
Zero-Signal Grid-No.2 Current. . .................. 10 11 11 ma
Maximum-Signal Grid-No.2 Current. .............. 16 17 17 ms
Plate Resistance. . . ...........ouuivennnenn s, 24500 23500 - ohms
Transconductance. . . .............coieunen.o.. . ... 5500 6700 - pmhos
Effective Load Resistance (Plate-to-plate)....... ... 5000 5000 5000 ohms
Total Harmonic Distortion. ...................... 2 2 2  per cent
Maximum-Signal Power Qutput. . ................. 14.5 17.6 18.56 watts

Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER

(Same as for single-tube class A, amplifier)

Typical Operation (Values are for two tubes): Fized Bias Cathode Bias

Plate Voltage. . . ........coiieriunvnenennnnannn 360 860 860 volts
Grid-No.2 Voltage. . ................o..ooo.. .. 270 270 270 volts
‘Grid-No.1 (Centrol-Grid) Voltage. .. ....... ...... -22.6 -22.5 - volts
Cathode Resigtor. .............coveuunnanno ... - - 260 ohms
Peak AF GridéNo.1-to-Grid-No.1 Voltage. . ... .. ... 45 45 40.6 volts
Zero-Signal Plate Current. . .. .................... 88 88 88 ma
Maximum-Signal Plate Current. . ........ ... ..... 132 140 100 ma
Zero-Signal Grid-No.2 Current. . .................. 5 5 5 ma
Maximum-Signal Grid-No.2 Current. ......... ..... 15 11 17 ma
Effective Load Resistance (Plate—to-plnt.e) .......... 6600 3800 9000 ohms
Total Harmonic Distortion. .. .......%............ 2 2 4 per cent
Maximum-Signal Power Qutput, .................. 26.56 18 24.6 watts

Maximom Ratings: PUSH-PULL CLASS AB, AMPLIFIER
(Same as for single-fube class A, amplifier)

Typical Operation (Values are for two tubes): Fized Bias

Plate Voltage. . . .......coivuiiine it o . 360 360 volts
Grid-No.2 Voltage. . ......... 226 270 volts
Grid-No.1 (Control-Grid) Voltag -18 -22.5 volts
Peak AF Grid-No.l-to-Grid-No.1 Voltag: 52 72 volts

Zero-Signal Plate Current. . ........... 8 88 ma
Maximum-Signal Plate Current. . 142 205 ma
Zero-Signal Grid-No.2 Current. . ... .

Maximum-Signal Grid-No.2 Current. 11 1
Effective Load Resistance (Plate—to-plabe) 6000 3800 ohms
Total Harmonie Distortion. ... ............. . .. . 2 2  per cent
Maximum-Signal Power Qutput. ............ ... ..... ... .. ....... 31 47 watts
Moximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. ........... .. .. ... ... .. 0.1 max megohm
For cathode-bias operation................... ... ... .. ... ..., 0.5 mazx megohm

INSTALLATION AND APPLICATION
Types 6L6 and 6L6-G require an octal socket and may be mounted in any
position. Outlines 7 and 42, respectively, OUTLINES SECTION. It is especially
important that these tubes, like other power-handling tubes, be adequately ven-
tilated.
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The heater is designed to operate at 6.3 volts. The transformer supplying this
voltage should be designed to operate the heater at this recommended value for
full-load operating conditions at average line voltage. Under the maximum grid-
No.2-"and plate-dissipation conditions, the heater voltage should never fluctuate
80 that it exceeds 7.0 volts. For cathode connection, refer to type 6AQ5.

In all services, precautions should be taken to insure that the dissipation
rating is not exceeded with expected line-voltage variations, especially in the cases
of fixed-bias operation. When the push-pull connection is used, fixed-bias values
up to 109, of each typical grid-No.2 voltage can be used without increasing dis-
tortion.

As class A, power amplifiers, the 6L.6 and 6L.6-G may be operated as shown
in the tabulated data. The values cover cathode- and fixed-bias operation for both
types where used as beam power tubes as well as where they are connected as
triodes and have been determined on the basis that no grid current flows during
any part of the input-signal swing. The second harmonics can easily be eliminated
by the use of push-pull circuits. In single-tube amplifiers with resistance-coupled
input, the second harmonies can be minimized by generating out-of-phase second
harmonics in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6L.6 and 6L6-G may be oper-
ated as shown in the tabulated data. The values shown cover cathode- and fixed-
bias operation and have been determined on the basis that no grid current flows
during any part of the input-signal swing.

As push-pull class AB, power amplifiers, the 6L6 and the 6L6-G may be
operated as shown in the tabulated data. The values cover operation with fixed
bias and have been determined on the basis that some grid current flows during
the most positive swing of the input signal.

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L.6-G, and
to the ELECTRON TUBE APPLICATIONS SECTION for discussion of in-
verse-feedback arrangements.

AVERAGE PLATE CHARACTERISTICS
WITH EC) AS VARIA

400,

TYPE 6L6
Ef = 8.3 VOLTS
GRID-N22 ¥OLTS = 250
"
| LOAD LINE CORRECTED TO coupznsne
LA FOR EFFECTS OF RECTIFICATIOI
(2358 WITH LARGE SIGNALS
o« VU
3 410
3 /‘/
-
~ +95
g |
g~ CRID-N21 VOLTS ECi=0
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G ~a -3
% ~4
3 ] =10
B 0o
% e —— -1
d s EC)=-20.
-25
L——rCi= M~ 1 =
— i ~— 3% 0)
100 200 300 300 500 00 700
PLATE VOLTS 92CM-4581T1

PENTAGRID MIXER

Metal type 617 and glass-octal type 6L.7-G
are used as mixers in superheterodyne circuits 6L7
having a separate oscillator stage as well as in

other applications where dual control is desir-

able in a single stage. The two separate control 6'-7-G
grids are shielded from each other and the

coupling effects between oscillator and signal

circuits are very small. For additional informa-
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tion, refer to Frequency Conversion, ELECTRON TUBE APPLICATIONS SECTION. Outlines 4 and
86, regocﬁvely, OUTLINES SECTION. Type 6L7-G is a DISCONTINUED type listed for reference
only. Hester volts (ac/dc), 6.3; amperes, 0.3. Maximum ratings as mixer: plate volts, 800; grids-No.2-
and-No.4 volts, 150; plate dissipation, 1.0 watt; grids-No.2-and-No.4 input, 1.6 watts. Typical opera-.
tion as mixer (values recommended for all-wave receivers): plate voits, 250; grids-No.2-and-No.4 voits,
150; grid-No.1 (signal-grid) volts, 6 min; grid-No.3 (oscillator-grid) volta*, ~15; peak oscillator volts
applied to grid-No.3, 18 min; plate ma, 3.3; grids-No.2-and-No.4 ma, 9.2; plate resistance, greater than
1 megohm; conversion transconductance, 350 umhos; grid-No.1 volts for 6 pmhos conversion trans-
conductance, —45.

* The dc resistance in the grid-No.3 circuit should be limited to 50000 ochms.

DIRECT-COUPLED POWER TRIODE ~r

Glass octal type used as class A1 power am-

6N6-G plifier. Outline 37, OUTLINES SECTION.
Heater volts (ac/dc), 6.3; amperes, 0.8. For
electrical characteristics, refer to type 6BS5.
Type 6N6-G is a DISCONTINUED type
listed for reference only.

HIGH-MU TWIN POWER TRIODE ¢,,

6N7 Metal type 6N7 and glass-oetal
6 N 7 GT type 6N7-GT used in output stage of G ©
- radio receivers as class B power ampli- H " H
fier or with units in parallel as a class sient

A, amplifier to drive a 6N7 or 6N7-GT NC:ent-GT 3
as a class B amplifier. Qutlines 6 and 23, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For typical oper-
ation as a resistance-coupled amplifier, refer to Chart 6, RESISTANCE-COUPLED
AMPLIFIER SECTION. For class B amplifier considerations, refer to ELECTRON
TUBE APPLICATIONS SECTION. Type 6N7 is used principally for renewal

purposes.

HEATER VOLTAGE (AC/DC). ..ottt iiiniaaneneeearannsonesoseannsseessnens 6.3 voits
HEATER CUBBENT. . ...ttt ittt eneiiinerenastineeansteannsonaneannas 0.8 ampere
CLASS B POWER AMPLIFIER

Maximum Ratings (Each Unit):
PLATB VOLTAGE. . . ...ttt iiititiitttet st ieinaneeasrenannnnseensovsannns 800 mazx volts
PEAK PLATE CURRENT . . . ... .0tttttvsetiointeesataencnonsnesoronsenansas 126 maz ma
AVERAGE PLATE DISSIPATION. . . . ... . ittt iitiirennanrensesesonenasananns 5.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . .....vovenevenennnnoenenennanns 90 mazx volts

Heater positive with respect to cathode.............. reresretiraaereeas 90 max volts
Typicol Operation {Both Units):
Plate-Supply Impedance. . ..... . 0 1000 ohms
Effective Grid-Circuit Impedance 0 516+ ohms
Plate Voltage. ................ 300 300 volts
Grid Voltage. .............. 0 0 volts
Peak AF Grid-to-Grid Voltage 68 82 volts
Zero-Signal DC Plate Current. . ... . 36 35 ma
Maximum-Signal DC Plate Current. .......... P (1] 70 ma
Peak Grid Current (Each Unit)...........c.coiiiiiinnennrennnnn 20 22 ma
Effective Load Resistance (Plate-to-plate).............couevven.. « 8000 8000 ohms
Total Harmonic Diatortion. .. .......... ... .cieiiiinnaanennnn 4 8 per cent
Maximum-Signal Power Qutput. .........coceviuiinnnnennean.. 10 10 watts

** At 400 cycles per second for class B stage in which the effective resistance per grid circuit is 500
ohms, and the leakage reactance of the coupling transformer is 50 millihenries. The driver stage should
be capable of supplying the grids of the class B stage with the specified values at low distortion.
CLASS A, AMPLIFIER
Both grids connected together at socket; likewise, both plates.
Maximum Ratings:

PLATE VOLTAGE............ deeae e . 800 max volts
PLATE DISSIPATION (per plate).. . 1.0 maz watt
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... eararsearraaerrenenay 90 max volts
Heater positive with respect to cathode................ eveeas [ 90 mazx volts
Typical Operation:
Plate VOItRZE. ..o oiv v et r ettt ciaarereranseiossoseseennnna 250 300 volts
Grid Voltage. . .. .. oovtir it iiie et teereranaronnnnnnanns . =B -6 volts
Amplification Faetor................o.ovvrnnnn et 35 36
Plate ResiStance. . . . ..... ..ot eniin ittt iaeartninarnonn 11300 11000 ohms
TranscondUCtaNCe. .. .. ..vvvniuietn et i reraeaanaeaeaatanns 8100 3200 umhos

Plate Current.......... R D P TP 6 _ma

Plate Load—Depends largely on the design factors of the class B amplifier. In general, the load will be
between 20000 and 40000 ohms. .

Power Output—Under maximum voltage conditions, upwards of 400 milliwatts can be obtained.

MEDIUM-MU TRIODE

Glass octal type used as detector, ampli-
IS fier, or oscillator in radio receivers. Outline 23,
© OUTLINES SECTION. This type may be sup-
plied with pin No.1 omitted. Tube requires

octal socket. Heater volts (ac/de), 6.3; amperes, 6P 5-GT
0.3. Except for interelectrode capacitances, this
type is identical electrically with type 76. Type
6P56-GT is a DISCONTINUED type listed for

reference only.

[}

TRIODE—PENTODE

Glass octal type used as an amplifier. Qut-
line 35, OUTLINES SECTION. Heater volts
(ac/dc), 6.3; amperes, 0.3, Except for inter- 6P7_G
electrode capacitances, this type is identical
electrically with type 6F7. Type 6P7-G is a
DISCONTINUED type listed for reference
only.

TWIN DIODE—HIGH-MU TRIODE
Metal type 6Q7 and glass-octal types 6Q7- :

G and 6Q7-GT used as combined detector, am- 6Q7
plifier, and ave tubes in radio receivers. Out-
lines 4, 35, and 24, respectively, OUTLINES 6Q7_G
SECTION. Types 6Q7 and 6Q7-GT are used
principally for renewal purposes. Type 6Q7-G is 6Q7 GT
5:60 a DISCONTINUED type listed for reference -

NC:6Q7-G K only. Tubes require octal socket and may be

BC:6Q7-GT mounted in any position Heater volts (ac/dc),
6.3; amperes, 0.3. For heater and cathode considerations, refer to type 6AV6. These types are similar
electrically in most respects to types 6SQ7 and 6AT6. Maximum ratings and typical operation of the
triode unit as a class A; amplifier are the same as those for type 6AT6 except that with a plate voltage
of 100 volts, the transconductance is 1200 zmhos and the plate resistance 58000 ochms, The triode unit is
recommended for use only in resistance-coupled circuits; refer to Chart 7, RESISTANCE-COUPLED
AMPLIFIER SECTION. For triode-unit, grid-bias considerations and diode curves, refer to type 6AV6.

Poz Poy TWIN DIODE—MEDIUM-MU TRIODE

Metal type 6R7 and glass-octal types
6R7-G and 6R7-GT used as combined detector, 6R7
amplifier, and avce tubes. Outlines 4, 35, and 21,

respectively, OUTLINES SECTION. Type -
W@ (7),, SRT-GT may be supplied with pin No.1 omit- 6R7-G
ted. Tubes require octal sockets. Within their 6R7_GT
S:6RT maxit?um rs.?ings, these types are identia?l
. NC {e,m_-c ('Y electrically ylth type_ 6BF6 el_(cept fqr capaci-
6R7-GT tances. Maximum ratings of triode unit as class

Ax amplifier: plate volts, 250 max; plate dissipation, 2.5 maz watts. For typical operation as a resistance-
coupled amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLIFIER SECTION. Types
6R7-G and 6R7-GT are DISCONTINUED types listed for reference only. Type 6R7 is used principally
for renewal purposes.
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MEDIUM-MU TRIODE

Minijature type having high per-

654 veance used as vertical deflection am-
plifierin television receivers. Outline 17,

OUTLINES SECTION. Tuberequires

noval nine-contact socket and may be

mounted in any position. For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC) . . ottt et it ianaaeeeneeenaanacenaconanas 6.3 volts
HEATER CURRENT. . ¢ itttiitiintiienieiniaaenotesseasnassnreasaana 0.6 ampere
Characteristics:
Plate Voltage. ............ 260 volts
Grid Voltage..... . -8 volts
Amplification Factor 16
Plate Resistance (Approx.)......... P ... 3600 ohms
Transconductance . 4500 pmhos
Plate Current. ...... 26 ma
VERTICAL DEFLECTION AMPLIFIER
Maximum Ratings: For operation in a 525-line, 80-frame system
DC PLATE VOLTAGE. .« ottt tite ittt iaieetitanetanannansoonns 500 max voits
PEAK PoOSITIVE-PULSE PLATE VOLTAGE} (Absgolute maximum)............. . 2200°max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . .. .t tttvtiini e . —260 maz volts
CATHODE CURRENT:
PeaK . . . .. e e 106 mazx ma
DC. .. £ e, 30 mazx ma
PLATE DISSIPATION . .. ottt tutttniaanee et ettt e aaaa, 7.6 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ........................ oo 200 max volts
Heater positive with respect to cathode. . ... ...................... oo 200mmax volts
Maximum Circuit Values:
Grid-Circuit Resistance:
For cathode-bias operation. . ......... ... . .. ... . ... .. ... .. ...... 2.2 mar megohms

t The duration of the voltage pulse must not exceed 15 per cent of one vertieal scanning cycle, In a

525-line, 30-frame system, 15 per cent of one vertical scanning eycle is 2.5 milliseconds.
° Under no circumstances should this absolute value be exceeded.
# The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS

TYPE 654
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¢2 <3 REMOTE-CUTOFF PENTODE

Metal type 637 and glass-octal type 6S7-G
' used in rf and if stages of automobile receivers
employing ave. Outlines 5 and 35, respectively, 6S7
o OUTLINES SECTION. Type 6S7 is used
principally for renewal purposes. Type 6S7-G is
~ " 2 DISCONTINUED type listed for reference 6S7—G
, K:657 only. Tubes require octal socket and may be
NE ggg-,.c, K15:657-6  mounted in any position. Heater volts, 6.3; am-
peres, 0.15. Typical operation and maximum
ratings as Class A, amplifier: plate volts, 250 (360 maxz); grid-No.2 volts, see curve page 64; grid-No,2
supply volts, 300 max; grid-No.1 volts, -3 (0 min); grid No.3 connected to cathode at socket; late ma.,
8.5; grid-No.2 ma., 2; plate resistance, 1.0 megohm; transconductance, 1750 umhos; grid-No.1 volts for
transconductance of 10 umhos, ~38. Plate dissipation, 2.25 mazr watts; grid-No.2 input: for grid-No.2
voltages up to 150 volts, 0.25 max watt; for grid-No.2 voltages between 150 and 300 volts, see curve
page 64. For typical operation as a resistance-coupled amplifier, refer to Chart 15, RESISTANCE-
COUPLED AMPLIFIER SECTION.

TRIPLE DIODE—HIGH-MU TRIODE

Glass octal type used as audio amplifier,
AM detector, and FM detector in AM/FM re-
ceivers. Diode unit No.2 is used for AM detec- 658 GT
tion, and diode units No.1 and No.3 are used -
for FM detection. The grid of the high-mu tri-
ode is brought out to a top cap. Outline 28,
QOUTLINES SECTION. Tube requires octal
socket and may be mounted in any position. For
heater and cathode considerations, refer to type 6AV6. For typical operation of triode unit as a resist-
ance-coupled amplifier, refer to Chart 4, RESISTANCE-COUPLED AMPLIFIER SECTION, Type
6S8-GT is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) ., ...\ e s ervreannnnnnosasenean Crenirerens 6.3 volts
HEATER CURRENT P 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (With external shield):
Triode Unit:
Grid to Plate. .. .. ... ... it i i i ettt e 1.2 puf
Grid to Cathodeand Heater. . ........ ... ... ... ... .. . iiivivrnrnnas 2.0 puf
Plate to Cathode and Heater. .. ...... ... iiiiiiiiiininnnennns 5.0 upf
Triode Grid toany Diode Plate. . . ......... ... ... . .. . iiiiiiinnnnnnn 0.005 maz puuf
Diode Plate to Cathode and Heater (Approx. for each unit)............. . 1.0 g
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . .. ... i it triitirinaerrnnnosnoronsecsnnncsnasnnn 300 maz volts
PLATE DISSIPATION 0.5 mazx watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with reapect to cathode........... eeretesaiereerens 90 max volts
Heater positive with respect tocathode............covvieiieinnirans 90 max volts
Characteristics:
Plate Voltage.............. eereeas ieens .. 50 100 250 volts
Grid Voltage. .......... erseraseaas - -1 -2 volts
Grid Resistor. . . .............. 10 0 [1} megohms
Amplification Factor.................. ceeies 86 100 100
Plate Resistance, ....,.......... reraeenas .. 285000 110000 91000 ohms
Transconductance. ...........e0eees eseens ‘e 300 900 1100 pmhos
Plate Current. . .....ovvviirereseerannancans 0.07 0.4 0.9 ma
DIODE UNITS

Maximum Rating:
PLATE CURRENT (BACH UNIT). .. ovtuutinenniiesneroncncenanes isrennse 1.0 maz ma

Diode units No.2 and No.3 and the triode unit have a common cathode. Diode unit No.1 has 2 separate
cathode. For diode operation curves, refer to type 6AV6.
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PENTAGRID CONVERTER

Metal type 6SA7 and glass-octal

type 6SA7-GT used as converters in

6SA7 superheterodyne circuits. They are
similar in performance to type 6BE6.

For general discussion of pentagrid

types, see Frequency Conversion in

ELECTRON TUBE APPLICA-

TIONS SECTION. Both tubes have

excellent frequency. stability. Type

6S A7_ GT 6SA7-GT is used principally for re-

newal purposes.

HEATER VOLTAGE (AC/DC)... 6.3 volts
HEATER CURRENT.......... 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6SA7 6SA?-GT
‘Grid No.8 to All Other Electrodes (RF Input).......... eee 9.6* 9. 5%
Plate to All Other Electrodes (Mixer Qutput)............... 9.5*% 9.6
Grid No.l1 to All Other Electrodes (Osc. Input). . ........... * gk
GridNo.3toPlate. .. ....ovviirninneinreeniennans PN 0.25 maz* 0.5 maz**
Grid No.3to Grid No. L. . ... iviiiiiiiiian i einnnnes 0.15 max* 0.4 max**
‘Grid No.l1toPlate. ..........c.coovvinne et 0.06 max* 0.2 max**
Grid No.1 to Shell, Grid No.5, and All Other
Electrodes except Cathode. .. ...................c.clts 4.4 ~
‘Grid No.1 to All Other Electrodes except Cathode
and Grid No.b. ... coiiiiiiniiiiiiininenes e - 6
Grid NoltoCathode..........cooiiiiiiiiiiiiiinnnenennn 2.6 -~
Grid No.1 to Cathode and Grid No.b. .. .......oovvviunenns - 8
Cathode to Skell, Grid No.5, and All Other
Electrodes except Grid No.1. .. ............. ... PN 5 -~
Cathode and Grid No.5 to All Other Electrodes
except GrId No.l. ... oo ittt iiiiiaans - 14

* With shell connected to cathode. ** With external shield connected to cathode.

Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. . . o oottt itttenanentiinaniniserarseaoaoiunsnonsss 800 max
GRIDS-NO.2-AND-NO.4 VOLTAGE. . . ... .vtiitiinian oo stiasarcnns 100 mazx
GRIDS-NO.2-AND-NO.4 SUPPLY VOLTAGE. . . . ........... e eraerreiaans 300 max
‘GRID-N 0.3 VOLTAGE:

Negative bias value. . . ... oot ittt ittt iiiiiernennaaosens —560 max

Positive bias value............ . 0 max
PLATE DISSIPATION. ............... 1.0 max
GRiDs-No0.2-AND-No.4 INPUT . 1.0 max
TOTAL CATHODE CURRENT. .. .....c.vuuunrvnnsn . . 14 mazx
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . ............... ... civtt 90 max

Heater positive with respect tocathode....................cevtt, 90 maz
Typical Operation: Self-Excitationt  Separate Excitation
Plate Voltage. . . .......... Cereir e 100 250 100 250
Grids-No.2-and-No.4 Voltage. . ................ 100 100 100 100
Grid-No.3 (Control-Grid) Voltage. ............. 0 0 -2 —2
Grid-No.1 Resistor. . ..........c.coiiiuinannn. 20000 20000 20000 20000
Plate Resistance (AppProx.)...........ceoeeeunns 0.5 1.0 0.6 1.0
Conversion Transconduetance................ .. 425 450 425 450
Grid-No.3 Voltage (Approx.)

for transconductance of 10 umhos., .......... -256 -25 -26 ~25
Grid-No.3 Voltage (Approx.) for

conversion transconductance of 100 umhos. ... -9 -9 -9 -9
PlateCurrent. ... ............cciivnnnn PRI 3.3 3.5 3.3 3.6
Grids-No.2-and-No.4 Current. .. ............. .. 8.5 8.6 8.5 8.5
Grid-No.1 Current. . ... 0.5 0.5 0.5 0.5
‘Total Cathode Current...........cocvnvnnnnnn. 12, 12.5 12,3 12,5

uuf
uuf
uuf
g
uuf
uuf

uuf
suf
uuf

put

uuf

volts
volts
volts

volts
volts
watt
watt

volts
volts

volts
volts
volts
ohms
megohm
umhos

volts

volts
ma
ma
ma
ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 4500 ymhos under the following conditions: grids No.1, No.3, and shell

at 0 volts; grids No.2 and No.4 and plate at 100 volts.

t Characteristics are approximate only and are shown for a Hartley circuit with a feedback of approxi-

mately 2 volts peak in the cathode circuit.
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INSTALLATION AND APPLICATION

Types 6SA7 and 6SA7-GT require octal socket and may be mounted in any
position. Outlines 3 and 23, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

Because of the special structural arrangement of the 6SA7 and 6SA7-GT, a
change in signal-grid voltage produces little change in cathode current. Conse-
quently, an rf voltage on the signal grid produces little modulation of the electron
current flowing in the cathode circuit. This feature is important because it is
desirable that the impedance in the cathode circuit should produce little degen-
eration or regeneration of the signal-frequency input and intermediate-frequency
output. Another important feature is that, because signal-grid voltage has little
effect on the space charge near the cathode, changes in ave bias produce little
change in oscillator transconductance and in the input capacitance of the No.l1
grid. There is, therefore, little detuning of the oscillator by ave bias.

A typical self-excited oscillator circuit for use with the 6SA7 will be similar to
that for the 6BE6 in the CIRCUIT SECTION. For operation in frequency bands
lower than approximately 6 megacycles per second, the circuit should generally be
adjusted to provide, with recommended values of plate and grids-No.2-and-No.4
voltage, a cathode voltage of approximately 2 volts peak, and a grid-No.1 current
of 0.5 milliampere through a grid resister of 20000 ohms. In the low- and medium-
frequency bands, the recommended oscillator conditions can be readily met. How-
ever, in the band covering frequencies higher than approximately 6 megacyles per
second, the tank-circuit impedance is generally so low that it is not easy to obtain
these oscillator conditions. For optimum performance in this band, it is generally
best to adjust the oscillator circuit for maximum conversion gain at the low-
frequency end of the band. Maximum conversion gain at this end of the band is
usually obtained by adjustment of the oscillator circuit to give a cathode voltage
of approximately 2 volts peak and a grid-No.1 current of 0.20 to 0.25 milliampere,
with a grid resistor of 20000 ochms.

Inthe 6SA7 and 6SA7-GT operation characteristics curves with self-excitation,
Ex is the voltage across the oscillator-coil section between cathode and ground; Eg
is the oscillator voltage between cathode and grid.

OPERATION CHARACTERISTICS
WITH SELF-EXCITATION

OPERATION CHARACTERISTICS TYPE 6SAT
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PENTAGRID CONVERTER

Metal type used as converter in super-

heterodyne circuits. Because of its high conver-

6SB7 Y sion and oscillator transconductance, it is espe-
- cially useful in FM converter service in the 100-

megacycle region. The 6SB7-Y has a micanol

base which minimizes drift in oacillator fre-

quency during warm-up period. For general dis-

cussion of pentagrid types, see Frequency Con-

vergion in ELECTRON TUBE APPLICATIONS SECTION. Outline 83, OUTLINES SECTION. Tube
requires octal socket and may be mounted in any position. For heater and cathode considerations, refer

to type 6AVS6. Type 6SB7-Y is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) . .t cvvvinenreanarnnnessunesoneanasanas .
HEATER CURRENT. . ... ..cvivieeennnnnn e rtiee iy

Maximum Ratings:

PLATBVOLTAGE. .. .......ivvivennnnnns
GRIDS-N0.2-AND-N0O.4 VOLTAGE. . ............
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE
PLATE DISSIPATION. . .. ...t iiiintiiiineeernnanons e rreie ey .
GRIDS-NO.2-AND-No.4INPUT. .. ..........coviiinnan.. [ .
TOTAL CATHODE CURRENT. . ... ovutrvarenernsnosonenasasrsessoansrasss
GRID-N0.3 VOLTAGE:

Negative bias voltage. . ................ e caeierent et ..

Positivebias voltage. . . ......... ... ... . iiiiiine, rrseeeareenaan
PEAK HBATER-CATHODE VOLTAGE: .

Heater negative with respect to cathode. . ...

Heater positive with respect to cathode. .........ccoveneveviniennaes

Typical Operation {Separate Excitation):*

Plate Voltage. . . ......ivniiiiiinrinnancanans PR 100
Grids-No.2-and-No.4 (Screen) Voltage. . ................... 100
Grid-No.3 (Control-Grid) Voltage. . . ...........ccocveunn... ~1.0
Grid-No.1 (Oscillator Grid) Resiator. .. .................... 20000
Plate Resistance (APProx.). .. .. .iovieirinrennennnaennans 0.5
Conversion Transconductance................c.ccoeuueunnss 900
Conversion Transconductance with grid-No.3 bias

of —20 Volts, ... ... e, . 3.5
Plate Current. .. .. ..ottt ittt iiireiieeranennnnns 3.6
Grids-No.2-and-No.4 Current. ... .........ooiivinnnrnnans 10.2
Grid-No.l Current. . ... ..ottt ittt ierininnnennnnen 0.856
Total Cathode Current. ............c...civiiiniinnieananen 14.2

e
w0

300 max
100 max
300 maxr
2.0 maz
1.5 maz
22 max

100 maz
0 maz

90 maz
90 max

260
100
-1.0
20000
1.0
960

3.5
3.8
10
0.85
14.2

volts
ampere

volts
volts
volts
watts
watts
ma

volts
voits

volts
volts

volts
volts
volt
ohms
megohm
usmhos

pmhos

* The characteristics shown with separate excitation correspond very closely with those obtained in a

self-excited oscillator circuit operating with zero hias.

Typical Operation in FM Band (88-108 Mc):

Plate Voltage...... T eeerreeeeer e
Grids-No.2-and-No.4 Supply Voltage ................. etereria e
Grids-No.2-and-No.4 Resistor
Grid-No.1 Resistor. .. .......oovinnnn.n

Signal Frequency........cvuiviinnrininrrnnncninenns cee
Oscillation Frequency. ............oovevvunerrinennnnnenns
Plate CUrrent. .. ....outitiitineenererunnneeraaranennnnnn

volts
volts

NOTE: The transconductance between grid No.l1 and grids No.2 and No.4 connected to plate (not
oscillating) is approximately 8000 umhos under the following conditions: signal applied to grid No.1
at zero bias;grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions,

the plate current is 32 milliamperes and the amplification factor is 16.5.
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HIGH-MU TWIN TRIODE

Metal type used as phase inverter
or voltage amplifier in radio equip-
ment. Except for common cathode,
each triode is independent of the other.
Outline 3, OUTLINES SECTION.

6SC7

Tube requires octal socket and may be mounted in any position. For heater and
cathode considerations, refer to type 6AV6. For typical operation as a resistance-
coupled amplifier, refer to Chart 16, RESISTANCE-COUPLED AMPLIFIER

SECTION.

HEATER VOLTAGE (AC/DC) « ..t tiv e ivini i ennnnnesenascanssoanesnnss 6.3 volts
HEATER CURRENT . 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Each Unit, Approx.):
Grid to Plate. . .. ... .o i i e it ittt ittty 2 puf
Grid to Cathode, Heater, and Shell 2 puf
Plate to Cathode, Heater, and Shell. .. ......... ... ... ... .. .. .0 uae 3 upf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. . ..\ttt ittt iannereevranneosnssrssononaronsens 250 mazx volts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. .. .......... ... ... ... .. 90 max volta
Heater positive with respect tocathode. ............ ...l 90 max volta
Typical Operatian (Each Unit):
Plate VOIAEE . . . .o\ttt et eentnrentenneaecneaneenceneenacancans 250 volts
Grid Voltage. . . ....... ... iniiniiiiiiiiiinninnenss —2 volts
Amplification Factor 70
Plate Resistance (APProOX.). . . v vovenreeneiorrnseesnearnunesnearsncenns 53000 ohms
Transconductance (APProX.) . .....cuovvrioniosinnennensssoneeseannennns 1326 pmhos
Plate Current. . .............. tatesnsasrneeasastassossanesontnnanans 2 ma
AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT
TvypPE 6SC7
E£=6.3VOLTS /
—¥
K
a 8
,
7
9,
: % /)
o
i’ // >
3 / /] pd
2 4
3 v / »
;. / e
<
g V/ / // ,/n/
' /] v // A ,/ "
A - A /,/ »/,/ e
/ // — /_‘L d-/ 4 l /V -1
0 50 100 150 200 250 300 350 200
PLATE VOLTS 92CM-6096T!

HIGH-MU TRIODE

Metal type 6SF56 and glass-octal type
6SF5-GT are used in resistance-coupled ampli-
fier circuits. Outlines 3 and 23, respectively,
OUTLINES SECTION. Type 6SF5-GT may
be supplied with pin No.l omitted. Tubes re-
quire octal socket and may be mounted in any

H position. Characteristics, application, and refer-
ences under type 6F5 apply to types 6SF5 and
6SF5-GT. Heater volta (ac/dc), 6.3; amperes,
0.3. Type 6SF5-GT is used principally for re-
newal purposes.
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DIODE-—REMOTE-CUTOFF PENTODE

Metal type used as combined rf or if ampli-

fier and detector or ave tube in radio receivers.

6SF7 Also used as resistance-coupled af amplifier.

Outline 3, OUTLINES SECTION. Tube re-

quires octal socket and may be mounted in any

position. For heater and cathode considerations,

refer to type 6AV6. For typical operation as a

resistance—coupled amplifier, refer to Chart 18,

RESISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal
purposes.

HEATER VOLTAGE (AC/DC). .. ..cvvvvevnnannn ettt tes it e e 6.3 volts
HEATER CURRENT. . ... ittt ieeitteiniionssootnnennaaessonearnoans 0.3 ampere

Maximum Ratings:
PLATE VOLTAGE. ...ttt ittt iiiteieraananeernaananneennns 300 mazx volts
GRID-N0.2 (SCREEN) VOLTAGE 100 maz volts

GRID-NO.2 SUPPLY VOLTAGE. ... ....... 300 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Pos 0 maz volts
PLATE DISSIPATION. . ..ttt itiiieieieraeernentannnsnnnnannns 8.6 maz watts
GRID-NO.2 INPUT. . ..ottt ittt itniieneranareosnnsnneneenens 0.5 maz watt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .........c.civiiveennnnnnn .. 90 maz volts

Heater positive with respect to cathode.............. Ceereanensenaan 90 mazx volts
Typical Operation:
Plate Voltage. . . .. ..ottt it iietnnrannenreosasnnns 100 260 volts
Grid-No.2 Voltage. . ... ... iiiiiiniiiininiinianennans 100 100 volts
Grid-No.l Voltage. . ...... ... vutitiriniiininnnnnnans -1 -1 volt
Plate Resistance (APDProX.). ... ......vvireiuneennaasnnnons 0.2 0.7 megohm
Transconductance. .. ... ........ . ciietriiniiniianaaainas 1975 2060 umhos
Grid-No.1 Bias (Approx.) for transconductance of 10 umhos. . . -356 -35 volts
Plate Current. . ........oiviiutueiiiinaeetenrannnnnannn 13.5 13.9 ma
Grid-No.2Current ..............oiiiiiniiiiiiiniiannne, 4.8 4.1 ma

DIODE UNIT
The diode plate is placed around the cathode, the sleeve of which is common to the pentode unit.
For diode operation curves, refer to type 6AV6.

REMOTE-CUTOFF PENTODE

6S G7 Metal type used as rf amplifier in

high-frequency and wide-band appli-

cations. Features high transcon-

ductance with low grid-No.1-to-plate

capacitance. Suitable for frequencies

up to 18 megacycles per second (approx.). Two separate cathode terminals enable

the input and output circuits to be effectively isolated from each other. Qutline 3,

OUTLINES SECTION. Tube requires octal socket and may be mounted in any
position. For heater and cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC) . ..ttt inein et maaniiineneneerennanseseeanns 6.3 volts
HEATER CURRENT. . ...ttt it et a it essennnnneeeeennnnnens 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.l toPlate. . ... ... cuiiieiiitiiiininnrennanann, .. 0.003 maz puf

Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and Shel . - 8.5 uul

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Shell. ........... 7.0 wif
Maximym Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. .. .. ...ttt iiiitiinienanraeennnnnnns . . 300 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. . ..ttt ettt iiatinesearenrianonnnnnnans . 800 maz volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value .............. . 0 max volts
PLATE DISSIPATION. . ...ttt ittat e ettt teeseaeannanreeennnns 3 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts. .. . .........iiienrnineennns 0.6 maz watt

For grid-No.2 voltages between 160 and 300 volts. .. . ................ See curve page 64
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ...... . N 90 max volts

Heater positive with respect to cathode......................... ceee 90 mazx volts
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Typical Operation:

Plate Voltage. . . ..ovvvvvrievinnnrennnncnnonns 100 250 250 volts
Grid-No2 Voltage. ..oovevinnniineienennuases 100 126 150 volts
Grid-No.1 Voltage. . ..covvvrninunnriaioeennees -1 -1 -2.5 volts
Plate Resistance (APProX.).......oovevuuenanaes 0.26 0.9 * megohm
Transconductance. .. .....vovvuveronrnanarenns 4100 4700 4000 pmhos
Grid-No.1 Bias (Approx.) for transconductance of

40 umhOB. .. vvvret it e -11.6 -14 -17.6 volts
PlateCurrent. .....oo.cvvvienienreenennsens 8.2 11.8 9.2 ma
Grid-No.2Current, ......c.cooviieinrnenaanonns 3.2 4.4 3.4 ma

* Greater than 1 megohm.

SHARP-CUTOFF PENTODE

Metal type used as rf amplifier
in high-frequency, wide-band applica- 6SH7
tions and as a limiter tube in FM

equipment. Similar electrically to min-

iature type 6AU6. It features high

transconductance and low grid-No.1-to-plate capacitance. Outline 3, OUTLINES
SECTION. Tube requires octal socket and may be mounted in any position. Two
separate cathode terminals enable the input and output circuits to be <isolated
effectively from each other. This type is not recommended for high-gain, audio-
amplifier applications because undesirable hum may be encountered. For heater
and cathode considerations, refer to type 6AV6. For typical operation as a resist-
ance-coupled amplifier, refer to Chart 8, RESISTANCE-COUPLED AMPLIFI-
ER SECTION.

HEATER VOLTAGE (AC/DC) e v vttt tiviniiiiineeosanninnrnnneeecesonnans 6.3 volts
HEATER CURRENT. . ..ttt ttintiveaannnaesasnenionesinnnenasosanens 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Lto Plate. ... ... .. it ieiiiiniiinii it iireeraienonsanns 0.003 max puf

Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and Shell . 8.6 upf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Shell. ... ........ 7.0 puf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ... . o0t ttttittne it eeiioneiiansssnasnasnnasannnse 300 mazx volts
GRID NO.2 (SCREEN) VOLTAGE. . ... ... .t eiitietananrararansnanans See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. . . ... otttieiitantteincnnaennarnnenanses 300 max volts
PLATE DISSIPATION. .. ..ttt ittt ie it aiiaraecaesasnncanne 3 max watts
GRID-NO.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . .................c.oiuviunns 0.7 max watt

For grid-No.2 voltages between 150 and 300 volts. . . ................. See curve page 64
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value ................ 0 maz volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode......................oitts 90 max volts

Heater positive with respect toeathode. . ............. ... v 0vnnunns 90 max volts
Typical Operation:
Plate Voltage. . . ... ...ttt iiiiiiiinirininiicananns 100 250 volts
Grid-No.2 Voltage. .........cooviriiiiiiienreraaneoronnes 100 150 volts
Grid-No.1 Voltage. ... ..cvrnvneniriianerneennsesnnenns -1 -1 volt
Plate Resistance (APProX.). .. .....cccvineinaneescnrossones 0.35 0.9 megohm
TranscondUCtanCe. . . .......vuiieniriiiianrsneoncannennns 4000 4900 umhos
Grid-No.1 Bias for plate current of 10 pa .. ................ -4.0 -5.5 volts
Plate Current. .. ...oiviiit it iiiein i irieranearnaaenann 5.3 10.8 ma
Grid-No.2 Current. . .. .viiiiiiiiiiii i iiiiaaneennrenas 2.1 4.1 ma

SHARP-CUTOFF PENTODE
G2 Metal type 6SJ7 and glass-octal 6SJ7
type 6SJ7-GT are used as rf amplifiers

and biased detectors. As a detector,
/° either type is capable of delivering 6SJ7 - GT
large audio-frequency output voltage

with relatively small input voltage.
Type 6SJ7-GT is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) . it veeneiianennreiaennresnnconsesaasssnons 6.3 volts
HEATER CURRENT. « ot v vttt tttaeentniannnestnseeunessonsaonnceronsons 0.3 ampere
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DIRECT INTERELECTRODE CAPACITANCES:®

Pentode Connection: 6SJ7 6SJ7-GT

Grid No.ltoPlate. .. ........cooiiiiiiinninaennnnn. 0.006 mazx 0.005 mazx ppf

. Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3.. 6.0 7.0 nuf

Plate to Cathode, Heater, Grid No.2, and Grid No.3...... 7.0 7.0 puf
Triode Connection:m

Grid NoltoPlate ... ..ottt iiiiieinnas 2.8 2.8 puf

Grid No.1 to Cathode and Heater. .. ................... 3.4 3.4 pupd

Plate to Cathode and Heater. . . ....................... 11 11 pupl
© With shell or external shield connected to cathode.
® With grids No.2 and No.3 connected to plate,

CLASS A, AMPLIFIER
Triode Pentode

Moximum Rofings: Connection  Connection
PLATE VOLTAGE. .. ... ..oitiunnitenenrsnseneunennaananans 250 mazx 300 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . .. e vvvviiininnaancnnn..s - See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. . ...t tiinnniieennenennan. . - 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value . ... 0 max 0 maz volts
PLATE DISSIPATION. ...\ttt it it ittt cen et 2.5 max 2.5 max watts
Grip-No.2 INPUT:

For grid-No.2 voltagesup to 150 volts. .. ........ .. . ............... 0.7 maz watt

For grid-No.2 voltages between 150 and 300 volts. . .. ... .......... ... See curve page 64
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . . .............. 90 mazx 90 mazx volts

Heater positive with respect to cathode. ................ 90 max 90 maz volts

. . Triode Pentode
Typical Operation: Connection* Connection
Plate Voltage. .. ................. 180 250 100 250 volts
Grid-No.2 Voltage. ............... - - 100 100 volts
Grid-No.1 Voltage................ -6 -8.5 -3 =3 volts
Grid No.3 (Suppressor)........... - - Connected to cathode at socket
Amplification Factor 19 19 - -
Plate Resistance......... .... 8250 7600 700000 ohms
Transconductance. . .............. 2300 2500 1575 1660 umhos
Grid-No.1 Bias for plate current of

D LT - . - -8 -8 volts
Plate Cutrent. ................... 6.0 9.2 2.9 3.0 ma
Grid-No.2 Current. .. ............ - - 0.9 0.8 ma
* Grids No.2 and No.3 connected to plate. t Greater than 1 megohm.

INSTALLATION AND APPLICATION

Types 6SJ7 and 6SJ7-GT require octal socket and may be mounted in any
position. Outlines 8 and 25, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

As a class A, amplifier, the 6SJ7 or 6SJ7-GT may be operated either as a
pentode or as a triode, as shown upder tabulated data. The grid-No.2 voltage for
the 6SJ7 operated as a pentode may be obtained from a potentiometer or bleeder
circuit across the B-supply device. Due to the grid-No.2-current characteristics of
the 68J7, a resistor in series with the high-voltage supply may be employed for
obtaining the grid-No.2 voltage, provided the cathode-resistor method of bias
control is used. This method, however, is not recommended if the high-voltage
B-supply exceeds 300 volts.

As a radio-frequency amplifier, the 6SJ7 or 6SJ7-GT may be used particu-
larly in applications where the rf signal applied to grid No.1 is relatively low, that
is, of the order of a few volts. In such cases either grid-No.2 or grid-No.1 voltage
(or both) may be varied to control the receiver volume. When larger signals are
involved, a remote-cutoff amplifier tube should be employed to prevent the occur-
rence of excessive cross-modulation and modulation-distortion.

As an audio-frequency amplifier in resistance-coupled circuits, the 6SJ7 or
6SJ7-GT may be operated under conditions shown in Chart 19, RESISTANCE-
COUPLED AMPLIFIER SECTION.
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AVERAGE PLATE CHARACTERISTICS

TYPE 6SJ7
Ef = 6.3 VOLTS
« |- GRIDNL2VOLTS=100
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PLATE VOLTS 92CM-4930T
G K

REMOTE-CUTOFF PENTODE

G2
(¢)
Metal type 6SK7 and glass-octal 6SK7
type 6SK7-GT are used as rf or if am-
" plifiers in radio receivers. They feature 6SK7 "GT
single-ended construction and inter-
lead shields. Because of remote-cutoff
characteristic, these types are able to handle large signal voltages without cross-

modulation or modulation-distortion and are often used in receivers with ave. Type
6SK7-GT is used principally for renewal purposes.

S5:65K7
B8C 6SK7-GT P

HEATER VOLTAGE (AC/DC) ... .o ttttiiiiiiiniiinereeenersnsnnionesasnnsas 6.3 volts
HEATER CURRENT. .. ... ottt i etsiiannevnereeaeacnerosrneeasosasasnsns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6SKT* 6SK7-GT**
Grid No.ltoPlate. ... ... 0 e i iiiiiiniiinnennnennns 0.003 max 0.005 maz wal
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3..... 6.0 6.5 uul
Plate to Cathode, Heater, Grid No.2, and Grid No.3....... 7.0 7.5 g
* With shell connected to cathode. ** With external shield connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . . .. itttittititetennnneactiensiainatessssnsssnns vees 300 max volts
GRID-NO0.2 (SCREEN) VOLTAGE See curve page 64
GRID-NO.2 SUPPLY VOLTAGE. ... ... ..cttiitecnnasannrennnss 300 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value. ................... 0 mazx volts
PLATE DISSIPATION. . .. . ..ottt iiiait e iinanans 4.0 max watts
GRID-No0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . . ........... ... iiiiiiinnnnnn 0.4 max watt
For grid-No.2 voltages between 150 and 300 volts. . . .. ................... See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......................oiiiiaaa, . 90 max volts
Heater positive with respecttocathode...... ................cccvuun.. v 90 max volts
Typical Operation:
Plate Voltage................... bt e 100 260 volts
Grid-No.2 Voltage............. e e e e, 100 100 volts
Grid-No.l Voltage. ........cooeieiiiieiiiiinnnnaenan -1 -3 volts
Grid No.8 (Suppressor)........ e Connected to cathode at socket
Plate Resistance (APProX.).....ouvvveiannnanineanionnnnnes 0.12 0.8 megohm
TranscondUCERNCE. . . ...\ ctiveerenrnter e atanennnnnaneens 2350 2000 umhos
Grid-No.1 Bias for transconductance of 10 ymhos.......... .. -85 -85 volts
Plate Current. . ....... ...ttt i iiiiiinaeans 13 9.2 ma
Grid-No.2 Current. . ......cooivvinenninninnoninenneeannnn 4.0 2.6 ma
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INSTALLATION AND APPLICATION
Types 6SK7 and 6SK7-GT require octal socket and may be mounted in any
position. Outlines 8 and 25, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

Control-grid bias variation will be found effective in changing the volume
of the receiver. In order to obtain adequate volume control, an available grid-bias
voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage, from a variable cathode-bias resistor, from the avc system, or from a
combination of these methods.

The grid-No.2 (screen) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6SK7, however, because grid No.3 prac-
tically removes these effects, it is possible to obtain grid-No.2 voltage through a
series-dropping resistor from the plate supply or from some high intermediate
voltage, provided the source does not exceed the platesupply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 current and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 voltage from a higher voltage supply necessitates the use of the variable
cathode-resistor method of controlling volume in order to prevent too high a volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote “cutoff” advantage of the 6SK7 and 6SK7-GT can be fully
realized. However, it should be noted that the use of a resistor in the grid-No.2
circuit will have an effect on the change in plate resistance with variation in grid-
No.3 (suppressor) voltage in case grid No.3 is utilized for control purposes.

Grid No.3 (suppressor) may be connected directly to the cathode or it may
be made negative with respect to the cathode. For the latter condition, the grid-
No.3 voltage may be obtained from a potentiometer or bleeder circuit, or from the
avce system.

AVERAGE PLATE CHARACTERISTICS
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HIGH-MU TWIN TRIODE

Glass octal type used as phase in-
verter or resistance-coupled amplifier 6S|-7 'GT
in radio equipment. Outline 23, OUT-
LINES SECTION. Tube requires
octal socket and may be mounted in
any position. Except for the common heater, each triode unit is independent of the
other. For typical operation as phase inverter or resistance-coupled amplifier, refer
to Chart 7, RESISTANCE-COUPLED AMPLIFIER SECTION. For heater and
cathode considerations, refer to type 6AV6.

HEATER VOLTAGE (AC/DC).....uverennnnnnnnnnnnns ettt 6.3 volts

HEATER CUBRENT. ... ..ttt tteetenneeennrenernrnseeseaneanssnns 0.3 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):* Unit No. 1 Unit No. 2
GridtoPlate. .........ouiiiiiiiiiii i, 2.8 2.8 apf
Grid to Cathode and Heater. . ......................... 3.0 3.4 npuf
Plate to Cathode and Heater. ......................... 3.8 3.2 pnpf

© With close-fitting shield connected to cathode.

Maximum Ratings: CLASS A, AMPLIFIER {Each Unit)
PLATE VOLTAGE. . . ... ittt it e et ettt irnennaaans 800 mazx volts:
GRID VOLTAGE, Positive Bias Value . .. ..........coiiiiiiiniineannnnninn. 0 maz volts
PLATE DISSIPATION. .. ... o\ttt ittt at ittt et ireneneanenneansrnes 1 max watt.
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ccovueernnennnnnnnns. 90 max volts.
Heater positive with respect to cathode. ........ eeeruret et aeatsiaeaee 90 mazx volts.

Typical Operation:

Plate Voltage................... Creeiesianian ittt e st raeaaas 250 volts.
Grid Voltage. . .. ... . ittt ittt ic et ea ettt -2 volts
Amplification Factor. ... ... ...uutintririeireetenneeneerreneaneenseneens 70

Plate ReSISLANCE. . . .. ... ..ttt ittt itit it it et et aeenen 44000 ohms
Tran8CONAUCLANCE. . .. ...\ttt ettt e et eetaa et eeie e tannean e eanees 1600 pmhos.
Plate CUITENt. . .. ..ottt et ieeeneaneeeaenenenennnes 2.3 ma

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT
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MEDIUM-MU TWIN TRIODE

65 N7 -GT Glassoctal types used as combined

6SN 7_G'I' A vertical oscillator and vertical deflec-

tion amplifiers, and as horizontal de-

flection oscillators, in television re-

ceivers. Also used as phase inverters,

multivibrators, or resistance-coupled amplifiers in radio equipment. Outline 22,

OUTLINES SECTION. Tubes require octal socket and may be mounted in any

position. Except for the common heater, each triode unit is independent of the

other. For typical operation as phase inverter or resistance-coupled amplifier, refer

to Chart 13, RESISTANCE-COUPLED AMPLIFIER SECTION. For heater
and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC). . o ittt iiiiiiaen ittt ianen s 6.3 volts
HEATER CURRENT. .. ...ttt ittt ieeereaianeaaerananns 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Unit No. 1 Unit No.2
’ 6SN7-GT 6SN7-GTA 6SN7?-GT 6SN7-GTA

GridtoPlate. . ..................... 8.8 4.0 4.0 3.8 pul

Grid to Cathode and Heater. ......... 2.8 2.2 3.0 2.6 puf

Plate to Cathode and Heater......... 0.8 0.7 1.2 0.7 puf

CLASS A; AMPLIFIER
Values are for Each Unit

Maximum Ratings: 6SN7-GT 6SN7-GTA
PLATE VOLTAGE. ..... 450 max volts
CATHODE CURRENT 20 max ma
PLATE DISSIPATION:

Foreitherplate. ..........ciiiriiniiiiiriiisecnnrens 3.5 max 5 max watts

For both plates with hoth units operating. . ............. 5.0 max 7.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . 200 mazx 200 max volts

Heater positive with respect to cathode. ., 200° max 200° max volts
Characteristics
Plate Voltage. . ................ N Cebe e 90 250 volts
Grid Voltage. . . ....c..iiiiiiier i iiirneiiieaiseoreeeennnns 0 -8 volts

Amplification Factor. ........ccoovuiiviiinririiiannnans 20 20
Plate Resistance. .. ..........ccoeiuiuiirenereiereniinanes 6700 T700 ohms
TrangcondUCtanCe. . .. .vvvrreetinenninireerssanennnenns 3000 2600 umhos
Plate Current. . ... ... . ..ottt 10 9 ma
Plate Current for grid voltage of —-12.5 volts. . .............. - 1.3 ma
Grid Bias Voltage (Approx.) for plate current of 10ua. .. .... -7 -18 volts
Maximum Circuit Value:
Grid-Circuit Resistance:

For fixed-bias operation. . ............co.vieeiirrernnnnens vesersesessss 1.0 maz megohm
© The dc component must not exceed 100 volts.

QSCILLATOR
For operation in a 525-line, 30-frame system
Vertical Horisontal
Deflection Deflection

Maximum Ratings (Each Unit): Oscillator Oscillator
DC PLATE VOLTAGE. . . . ...cvvnuennn PN 450 @ max 450 @ max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ....cvvunevnn nnn -400# mazx —600*max volts
CATHODE CURRENT:

Peak. ... .. e e 70 max 300 max ma

AVETage. . ... .....iiiiiiei i M eeesaseraeaan 20 max 20 maz ma
PLATE DISSIPATION:

Foreitherplate. . .......coveviieiineeriannreoneenns 5e max 5 e maz watts

For both plates with both units gperating............. T.50 max 7.5 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode............... 200 max 200 mazx volts

Heater positive with respect to cathode............... 200°mazx 200°max volts

Maximum Circuit Valve:
Grid-Circuit Resistance, .o veeeverrieeernoenronraanss 2.2 max 2.2 max megohms
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VERTICAL DEFLECTION AMPLIFIER

For operation in a 525-line, 30-frame system

Maximum Ratings (Each Unit): 6SN7-GT  6SN7-GTA
DC PLATE VOLTAGE. . . ...t cviuntinaisereeseennnnunneansss 300 mazx 450 mazx volts
PEAK POSITIVE-PULSE PLATE VOLTAGE # (Absolute maximum)... 1200smazx 1500mmax volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. .. .......ov0veivunnnn, —260 max —250 max volts
CATHODE CURRENT:
Peak. . ..o.viiiiiiiiiniiinenns et e 70 max 70 max ma
AVEIBEC. « oot i vt ie i tianorraanrocnsaceressnonsnansnny 20 max 20 max ma
PLATE DISSIPATION:
Foreitherplate. . .......... .. i iiiiinrnianenannnnns 3.5 max 5 mazx watts
For both plates with both units operating................. 5 mazx 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE: :
Heater negative with respect to cathode.......... vevsseses 200 max 200 maxr volts
Heater positive with respect to cathode......... eesseesss  200°max 200°max volts

Maximum Circvit Valve:
Grid-Circuit Resistance:
For cathode-bias operation. . ......... ..o, 2.2 max megohms

# The duration of the voltage pulse must not exceed 16 per cent of one vertical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cyecle. In a
6526-line, 30-frame system, 15 per eent of one horizontal scanning cycle is 10 milliseconds.

o For the 6SN7-GT in oscillator service, the de plate voltage is 300 max volts, and the plate dissipation
is 8.5 max watts for either plate or 5.0 maz watts for both plates.

a Under no circumstances should this absolute value be exceeded.
© The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT

TYPE 6SN7-GTA
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TWIN DIODE—HIGH-MU TRIODE

Metal type 6SQ7 and glass-octal
type 6SQ7-GT used as combined de- 6SQ7

tector, amplifier, and avc tube in radio
o Dn receivers. These types are similar elec- 6SQ7- GT
trically to type 6Q7 in many respects,
but they havea higher-mu triode. Type
6SQ7-GT is used principally for renewal purposes.
HEATER VOLTAGE (AC/DC)......c.covnurnns . .
HEATER CURRENT. ... 0vvvrvnnnnrrnnnnacnnsonnns

DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Triode Unit:
GridtoPlate. ...................
Grid to Cathode and Heater. . ..
Plate to Cathode and Heater. . .
Diode Plate to Cathode and Heater. .
Triode Grid to Plate of Diode No. 1......... eves

© With shell connected to cathode.

8C:65Q7-GT
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TRIODE UNIT AS CLASS A, AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE. .. ..ttt iiineinaenaernnsacnosseasnecsassasasaonns 300 maz volts
GRID VOLTAGE, Posgitive Biaa Value. ... ....... ... .ot iiiiiiiiiiieennnens 0 mazx volts
PLATE DISSIPATION. ...ttt it ittt it ineeeasssarnaronrsasannnons 0.5 max watt
PEAK HEATER-CATHODE VOLTAGE!:
Heater negative with respect toeathode..............oviviiiiiiiieiinnas 90 max volts
Heater positive with respect toecathode.........cciiiviiiiiiiiiierennnn 90 maz volts
Characteristics:
Plate Voltage. .. ... .o oiiiiiiiiiiiiininnianeanonsnnenns 100 250 volts
Grid Voltage. . . ...coviiiieriiiinnacennanns M eeeeeeaaes -1 -2 volts
Amplification Factor...........ooiiiiiiiniiiiiienneannn 100 100
Plate Resistance. . .........ccoiitiiiiiiiiiiiiinniiinnas 110000 85000 ohms
TranseondUctanCe. c .o cvvttivreiienenerneroreonncannns 926 1176 pmhos
Plate Current. ....ooviiveiiiiiiiiiiiiiiaiiiiiaiiiianes 0.5 1.1 ma
Maximum Rating: DIODE UNITS
Prate CURRENT (Each Unit) ......... .o i it 1.0 mazx ma

Two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. For diode operation curves, refer to type 6AVS6.

INSTALLATION AND APPLICATION

Types 6SQ7 and 6SQ7-GT require octal socket and may be mounted in any
position. Outlines 3 and 25, respectively, OUTLINES SECTION. For heater and
cathode considerations, refer to type 6AV6.

The triode unit of the 6SQ7 and 6SQ7-GT is recommended for use only in re-
sistance-coupled circuits; refer to Chart 4, RESISTANCE-COUPLED AMPLI-
FIER SECTION. Diode-biasing of the triode unit is not suitable because of the
probability of triode plate-current cutoff even with relatively small signal voltages
applied to the diode circuit.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

/ TYPE 65Q7
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TWIN DIODE— "02 °'
MEDIUM-MU TRIODE « Pr
6SR7 Metal type used as combined de- 0‘( ()
tector, amplifier, and ave tube. It is
Gt H

equivalent in performance to miniature
type 6BF6. Outline 3, OUTLINES ONO
: SECTION. Tube requires octal socket "
and may be mounted in any position. For typical operation as a resistance-coupled
amplifier, refer to Chart 9, RESISTANCE-COUPLED AMPLIFIER SECTION.
For heater and cathode considerations, refer to type 6AV6.
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HEATER VOLTAGE (AC/DC) . 6.3
HEATER CURBENT. . . ....iittiteitaannrsneernonrrnnsonaenns . 0.3
DIRBCT INTERELECTRODE CAPACITANCES (Approx.)—Triode Unit:
Grid to Plate. .. ... ..cciivivnerinernnnnsrosoonoasesanonaanns ereeeass 2.4
Grid to Cathode, Heater,and Shell. . ........... ..o iiiians 3.0
Plate to Cathode, Heater,and Shell. . ... ... ... ...t 2.8
Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. .. . vttt tinserrunesronnnoennansonsas hereaseeses veserss 260 max
PLATE DISSIPATION. . .. v vt iieeriinnerenesronesnannananns verersessssansse 2.5 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........ eeerraeeesanenn P 90 mazx
Heater positive with respect to cathode......... P P teviessesess 90 max

Typical Operation with Transformer Coupling:

Plate Voltage. . ... ..ot iiiiiiiinireieertenrorsncannsnannee 250
Grid Voltage. . .. ... ..ot iriiiiiiiriiireetisncannnaannans ven . -9
Amplification Factor. . ......ovvvriniiiiieerirernneenerssansssons . 16
Plate Resistance. . ..,....cooviiinnn, FR N ereen eereaas veves. 8500
PransconductBnee. .. .....ovviini s riaeann eestesnrreieeiaans .. 1900
Plate Current. .. .....ciiiniiiiiiiinetieereeetassasenceatnsrsans R 9.5
Load Resistance. . ........oo0vunnvennn. erieesseesansans eeiraae. v.es. 10000
Power Output. .. ..o.vvvivveerinennnnnnns errareaneaneeenan [ 300

DIODE UNITS

Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.

Each diode plate has its own base pin. For diode operation curves, refer to type 6AV6.

REMOTE-CUTOFF PENTODE

Metal type used in rf or if stages of radio
receivers particularly those employing ave. Out~

octal socket and may be mounted in any posi-
tion. For heater and cathode considerations,
refer to type 6AV6. Heater volts (ac/dc), 6.3;
amperes, 0.15. Typical operation and maximum
ratings as class A: amplifiers: plate volts, 250
(300 maz), grid-No.2 supply volts, 300 maz;

line 3, OUTLINES SECTION. Tube requires 6SS7

grid-No.2 volts, 100; grid-No.1 volts, —3; grid No.3 connected to cathode at socket; plate resistance
(approx.), 1 megohm; transconductance, 1850 umhos; plate ma., 9; grid-No.2 ma., 2; plate dissipation,
2.25 mazx watts; grid-No.2 input, 0.35 max watts. Type 6SS7 is used principally for renewal purposes.

TWIN DIODE—MEDIUM-MU TRIODE

Metal type used as combined detector,
amplifier, and ave tube. Within maximum rat-

6BF6 except for interelectrode capacitances and
heater current. Outline 3, OUTLINES SEC-
TION. Tube requires octal socket and may be
mounted in any position. Heater volts (ac/d¢),
6.3; amperes, 0.15. Maximum ratings of triode

ings this type is electrically identical to type 6ST7

unit as class A, amplifier: plate volts, 260 max; plate dissipation, 2.5 max watts, For diode operation

curves, refer to type 6AV6. Type 6ST7 is used principally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Metal type used as combined detector, am-
plifier, and ave tube in radio receivers. Except
for heater-current rating and interelectrode ca-

trically as type 6AT6. Outline 3, OUTLINES
SECTION. Tube requires octal socket and may
be mounted in any position. Heater volts (ac/de),
6.3; amperes, 0.15, Direct interelectrode capaci-
tances of triode unit (shell connected to cathode):

pacitances, this type is essentially the same elec~ 6SZ7

grid to plate, 1.1uuf; input, 2.4 uuf; output, 2.8 uuf. For diode operation curves, refer to type 6AVS6, Type

6SZ7 is used principally for renewal purposes.
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TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector,

amplifier, and ave tube in radio receivers. Out-

6T7 G line 35, OUTLINES SECTION. For heater

- and cathode considerations, refer to type 6AV6.

Heater volts (ac/dc), 6.3; amperes, 0.15. Typi-

cal operation as class A: amplifier: plate volts,

250 maz; grid volts, —3; plate ma., 1.2; plate

resistance, 62000 ohms; ampllﬁcatlon factor,

65; transconductance, 1060 umhos. For diode operation curves, refer to type GAVG Type 6T7-G isa
DISCONTINUED type listed for reference only.

TRIPLE DIODE—HIGH-MU W A .
TRIODE o
K
6T8 Miniature type used as combined KDE ,’}gl
audio amplifier, AM detector, and FM 3

detector in AM /FM radio receivers. "Da
Diode unit No.l is used for AM de-
tection, and diode units No.2 and No.3
are used for FM detection. Outline 14, OUTLINES SECTION. Tube requires
noval nine-contact socket and may be mounted in any position. For typical opera-
tion as a resistance-coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED
AMPLIFIER SECTION. For heater and cathode considerations, refer to type 6AQ5.

HEATER VOLTAGE (AC/DC).... 6.8 volts
HEATER CURRENT. . ... ..0ivevienanannannnnn 0.46 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Triode Grid to Triode Plate P 2.2 nuf
Triode Grid to Cathode and Heater. .. ................ Cheee e, 1.6 puf
Triode Plate to Cathode and Heater. .. ... ... ... ... . ciiiiieinininennas 1.0 puf
Diode-No.1 Plate to Cathodeand Heater . . . ............c.cvciviiunn.ns 3.8 puf
Diode-No.2 Plate to Cathodeand Heater . . . ..............cciiieunnens, 4.5 unf
Diode-No.3 Plate to Cathode and Heater .. .........ociviuivairnneeerans 3.8 puf
Diode-No.2 Cathode to All Other Electrodes . ..........cccveveiennennans 8.6 puuf
Triode Grid to Any Diode Plate . . . ... ... vriiiieiiiniiiiennennns v.s 0.035 max suf
TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATEVOLTAGE. . ..vvvriiveinenenns 300 max volts
GRID VOLTAGE, Positive Bias Value. . .................. ... e Ceecae 0 maz volts
PLATE DISSIPATION . ...ttt iii e iiasivtneranssernanasnoesenaonans cees 1 maz watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode .. ................. P e 90 max volts
Heater positive with respect to cathode . .. ... .oviiiviericansseancerecse 90 max volts
Characteristics:
Plate Voltage. s cvvversnrrncrertossanasrsaranenaons volts
Grid VOltage. . . oottt tiieiineeinreersnsronnesoraonanannns . volts
Amplification FRCEOT. . . ... .. i ittt ittt iaiieiaaan
Plate Resistance. ... ... . ittt ittt ohms
Transconductance. . ....oovvevarnsones et . pmhoa
PlateCurrent. ................ P eeenaeeaaes rraesiecaaans 0.8 1.0 ma

DIODE UNITS
Maximum Rating:
PLATE CURRENT (Each Unit).......... ..ot 6 max ma
Diode units No.1 and No.3 have a common cathode. Diode unit No.2 has a separate cathode.
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A ELECTRON-RAY TUBE

Glass type used to indicate visually, by

/ means of a fluorescent target, the effects of a

e (2) (s5)x  change in a controlling voltage. It is used as a
RC convenient, noi hanical of indicating
‘ accurate radio-receiver tuning. Outline 31,
° OUTLINES SECTION. Tube requires six-
contact socket and may be mounted in any

position. For heater and cathode considerations,

H H

Q92CM~TOo83T

6U5

RCA Receiving Tube Mannal s——————==

refer to type 6AV6, Type 6U5 has a remote plate-current cutoff characteristic. For a discussion of
electron-ray tube considerations, refer to ELECTRON TUBE APPLICATION SECTION. This

type is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC). .ot tvviviinivantnsennsecrisnnenasnnns [
HEATER CURRENT. ....... e ir e, TN
Maximum Ratings: INDICATOR SERVICE
PLATE-SUPPLY VOLTAGE. .......... ebeeenaens PP
TARGET VOLTAGE. ... ....ovvuunonnn e etieir e,
PLATE DISSIPATION. .. ....cvvninnnns
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ... iesereatacostavesasaran

Heater positive with respect to cathode. ....... eeeriecssrnesaenanae

Typical Operation:

Plate- and Target-Supply Voltage ................. cevenene 200
Series Triode-Plate Resistor. . .................... [P 1
Target Current (For zero grid voltage) .............. e 3.0
Triode Plate Current (For zero grid voltage) ........... vaee 0.19
Triode Grid Voltage (Approx. for 0° shadow angle).......... -18.6
Triode Grid Voltage (Approx. for 90° shadow angle)......... 0

G2 G3

REMOTE-CUTOFF PENTODE

Glass octal type used in rf and if stages of
radio receivers employing ave. It is also used as
a mixer in superheterodyne circuits. Outline 39,
OUTLINES SECTION. Tube requires octal
socket. Refer to type 6SK7 for general appli-
cation information. Heater volts (ac/dc), 6.3;
amperes, 0.3. Typical operation and maximum
ratings as class A amplifier: plate volts, 250

6.3 volts
0.3 ampere
286 max volta
{ 285 max volts
1256 min volts
1 max watt

90 mazx volts
90 mazx volts
260 volts
1 megohm
4.0 ma
0.24 ma
-22 volts
W] volts

6U7-G

(300 mazx); grid-No.2 supply volts, 300 maz; grid-No.2 volts, 100; grid No.3 connected to cathode at
socket; grid-No.1 volts, —3; plate resistance (approx.), 0.8 megohm; transconductance, 1600 zmhos;
plate ma., 8.2; grid-No.2 ma., 2; plate dissipation, 2.26 maz watts; grid-No.2 input, 0.256 max watt.

‘This is a DISCONTINUED type listed for reference only.
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TRIODE—PENTODE CONVERTER

6U 8 Miniature type used as combined

oscillator and mixer tube in television

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. In such service, the 6U8

gives performance comparable to that obtainable with a 6AG5 mixer and an

oscillator consisting of one unit of a type 6J6. When used in an AM /FM receiver,

the triode unit is used as an oscillator for both sections. In the AM section, the

pentode unit is used as a hlgh-gam pentode mixer; in the FM sectlon, the pentode

unit is used either as a pentode mixer or as a triode-connected mixer depending on

signal-to-noise consideration. Qutline 14, QUTLINES SECTION. Tube requires
noval nine-contact socket and may be mounted in any position.

HEATER VOLTAGE. . ... ... ..ttt enninneraanancnns 6.3 volts
HEATER CURRENT. . ...\t itenterenreaerionstnnesonenrsosessunesss 0.46 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Without With
Ezxternal Ezxternal
Shield Shield
Triode Unit:
GridtoPlate. . ...........ccooiiiennnnnnnn 1.8 1.8 uuf
Grid to Cathode and Heater. . .............. 2.5 2.6 uuf
Plate to Cathode and Heater............... 0.4 1.0 upf
Pentode Unit:
Grid No.l1toPlate. ..........cooviienin.. 0.010 max 0.006 max wuf
Grid No.1 to Cathode, Heater, Grid No i
No.3, and Internal Shield........ . 5.0 5.0 nuf
Plate to Cathode, Heater, Grid No.2, 3
and Internal Shield 2.6 3.6
Heater to Cathode (Approx., Each Uni 3.0 3.0 upf
Characteristics: Triode Unit Pentode Unit
Plate Voltage........ 150 260 volts
Grid-No.2 Volitage. ... - 110 voits
Cathode-Bias Resistor. 56 68 ohms
Amplification Factor. ... 40 -
Plate Resistance (Approx 5000 400000 ohms
Transconductance. .. ................. 8500 5200 umhos
Grid-No.1 Bias for plate current of 10 ua -12 -10 volts
Plate Current. .. .. 18 10 ma
Grid-No.2 Current - 3.5 ma

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT OR PENTODE UNIT CONNECTED AS TRIODE
T T T

T T
TYPE 6U8
E£=6.3 VOLTS
| PENTODE UNIT AS TRIODE:
GRID N22 CONNECTED TO PLATE
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CONVERTER SERVICE

Maximum Ratings: Triode Unit Pentode Unit
PLATE VOLTAGE. . ... .ctiiininiisiienonnnnes 300 max 300 mazx volts
GRID-NO.2 (8CREEN) SUPPLY VOLTAG . - 300 max volts
GRID-NO.2 VOLTAGE. . - See curve page 64
GRID-NO.1 (CONTROL-GRID) VOLTAG!

Positive bias value. ... ....... 0 mazx 0 max volts
PLATE DISSIPATION. ........ 2.7 max 2.8 max watts
GRID-NoO.2 INPUT:

For grid-No.2 voltages up to 150 volts. ......... - 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts - See curve page 64
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ..... 90 max 90 max volts
Heater positive with respect to cathode. ... .. 90 mazx 90 max volts
AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
T T T
TYPE 6UB
£¢=6.3 VOLTS
¥ [ GRID-Na2 vOLTS=HO
®
[ %Y
3
<
3
<
a GRID-N%I_VOLTS ECI1=0
s i
g —
~ /
2 " — -0.5
2 vV 1 il
s “!92 Lo
. !
o s 28 - E¢i=-1.5
2 o= . Ec)=0
L% et —t PR
u s i( -20
< b Ib b
3 L g gy e B Gy i -2.5
B e = -3.0
Icz | [om=="==1==7 .0
° 50 100 50 200 250 300
PLATE VOLTS' 92CM-7860T

BEAM POWER TUBE

Metal type 6V6 and glass-octal
type 6V6-GT are used as output am-
plifiersinautomobile, battery-operated,
and other receivers in which reduced
plate-current drain is desirable. Out-

o’

N\ ‘n
S:6Ve 0 K

NC:6V6-GT

6Vé6
6V6-GT

lines 6 and 23, respectively, OUTLINES SECTION. Type 6V6-GT may be sup-
plied with pin No.1 omitted. Tubes require octal socket and may be mounted in
any position. The 6V6 and 6V6-GT are equivalent in performance to type 6AQ5.
Refer to type 6AQ5 for heater and cathode considerations, application information,

and characteristic curves.

HEATER VOLTAGE (AC/DC) .« .ot iiverreasesunssanassossacsnsssanssansan

HEATER CURRENT. . .. itvivttvunnosinnrronnraennosnnns etereeriereans

DIRECT INTERELERCTRODE CAPACITANCES (Approx.): 6Ve°
Grid NodtoPlate. . ... ... ... iiiiiiiiierinnnnnas 0.3
Grid No.1 to Cathode, Heater Grid No.2, and Grid No.3. 10
Plate to Cathode, Heater, Grid No.2, and Grid No.3. ... .. 11

© With shell connected to cathode.

Maximum Ratings: SINGLE-TUBE CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... c00vvnas e
GRID-NO.2 {SCREEN) VOLTAGE
PLATE DISSIPATION. .. ... vivviinicnnnonn
GRID-NO.Z INPUT. . ... ittt iiiiiiiiiiiniiiaeereseerronniacescanas
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............
Heater positive with respect to cathode. ...

Typical Operation:

Plave Voltage. . .......... e eeaneseaas cesans 180 250
Grid-No.2 Voltage................. . 180 250
Grid-No.1 (Control-Gnd) Voltage. . «... -8.5 -12.5
Peak AF Grid-No.l1 Voltage...... heees PPN 8.5 12.5
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0.45 ampere
6V6-GT
0.7 unf
9.0 puf
7.5 upf
315 max volts
285 max volts
12 max watts
2 max watts
90 max volts
90 max volts
315 volts
226 volts
-1 volts
138 volts
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Zero-Signal Plate Current. .............c.0000. 29 46 34 ma
Maximum-Signal Plate Current. ............... 30 47 356 ma
Zero-Signal Grid-No.2 Current (Approx.)........ 3 4.6 2.2 ma
Maximum-Signal Grid-No.2 Current (Approx.). . 4 7 6 ma
Plate Resistance. . . ..............covcviniun.. 50000 50000 80000 ohms
TransconducCtBNCe. . . . .vvviiiiernrnnanennnanns 3700 4100 3750 umhos
Load Resistance, .................000uune .. 6600 5000 8500 ohms
Total Harmonic Distortion. . .................. 8 8 12 per cent
Maximum-Signal Power Qutput, ............... 2 4.6 5.5 watts
Maximum Ratings: PUSH-PULL CLASS AB; AMPLIFIER

(Same as for single-tube class A; amplifier)
Typical Operation (Values are for two tubes):

Plate Voltage. . . ....oviitiiniiie i iriiiriennenannananns 250 286 volts
Grid-No.2 Voltage. . ..ottt iintieienrinnrennneeennans 250 285 volts
Grid-No.1 (Control-Grid) Voltage .................. N -15 -19 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . . ............... 30 38 volts
Zero-Signal Plate Current. . . . .........coiviiirenennnnnnnn 70 70 ma
Maximum-Signal Plate Current. .. ........................ 79 92 msa
Zero-Signal Grid-No.2 Current (ApPprox.)............. 5 4 ma
Maximum-Signal Grid-No.2 Current (Approx.)....... 1 13.5 ma
Plate Resistance (APProX.)..........couuvvnenvennnn . 60000 70000 ohms
Transconduetance. . ... ... .. . iiuiiirenrerenrranneanans 3760 3600 umhos
Effective Load Resistance.......................... .o, 10000 8000 ohms
Total Harmonie Distortion .....................oi0iiun., 5 3.6 per cent
Maximum-Signal Power Qutput. ...............c00iienn.nn 10 14 watts

Maximum Circuit Values;

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... ......... ... .. ... cciiiiiiiiiiiinns ..
For cathode-bias operation

TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube. Outline 385, OUT-
LINES SECTION. Except for interelectrode
6V7-G capacitances, this type is identical electrically
with type 85. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For diode operation curves, refer to
type 6AV6. Type 6V7-G isa DISCONTINUED
type listed for reference only.

HALF-WAVE e
VACUUM RECTIFIER .

Glass octal type used as damper

6W4"'GT diode in magnetic deflection cireuit of

television receivers and as a rectifier in NE

conventional power-supply applica- D?“{m

tions. Outline 23, OUTLINES SEC- c H
TION. This type may be supplied with pin No.1 omitted. Tube requires octal
socket and may be mounted in any position. It is especially important that this
tube, like other power-handling tubes, be adequately ventilated. For curve of
average plate characteristics, see page 61. .

HEATER VOLTAGE (AC) . . vt ivtet it iieiee oieneaseaarotineeaaniaana 6.3 volts
HEATER CURRENT. ... 0citvare tnunearoacnsasanoasossossse oae sossen 1.2 amperes
Maximum Ratings: DAMPER SERVICE
PEAK INVERSE PLATE VOLTAGE*. . . ...... ... .. .......coiviinnnn. e 3500 max volts
PEAK PLATE CURRENT. ... 0voviiiniiennn s o RPN 600 maz ma
DCPLATE CURBRENT. . .....ovvvnnnenn N . . 125 mazx ma
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode* . ......................... ... 2100 max volta
Heater positive with respect tocathode ... ............................ 100 mazx volts

* The duration of the voltage pulse must not exceed 15% of one horizontal scanning c¢ycle. In a 525-
line, 30-frame system, 15%, of one horizontal scanning cycle is 10 microseconds.

Maximum Ratings: RECTIFIER SERVICE

PEAK INVERSE PLATE VOLTAGE. ... . PR 1250 mazx volts
PEAK PLATE CURRENT. . ..ot ttit ittt tsrietsnansenaionnenreas 600 maz ma
HoT-SWITCHING TRANSIENT PLATE CURRENT (For duration of 0.2 second maz) 3.6 max amperes
DCOUTPUT CURRENT. .. ..vvtvvrtrnnonnnnenernnnnceosssesosssan [ 125 max ma
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PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode . . ............ .. . iiiiinnns . 450 max volts
Heater positive with respect toecathode ................ .. cooiivinin .. 100 max volta
Half-Wave Full-Wave
Typical Operation {Capacitor-Input Filter) : Rectifier Rectifier
. (One Tube) (Two Tubes)
AC Plate-to-Plate Supply Voltage (rms). ................... — 700 volts
AC Plate-Supply Voltage (rms) . ... .....ovvvriiniinnenns 350 - volts
Filter-Input Capacitor. .. ........ ... ... .. .. it 20 20 uf
Minimum Total Effective Plate-Supply Impedance per Plate. . 145 146 ohma
DCOutput Current. .. ......oiiiiinini i raon. 125 260 ma
DC Output Voltage at Input to Filter (Approx.):
62.bma.......... .0 00 390 — volts
At hall-load eurrent of § yo5" " 701U — 395 volta
: 126 mMa .ot 335 — volta
At fulldoad current of { 20 M8 e - 350 volta
Voltage Regulation (Approx.):
Half-load to full-load current . ...........oeiiieeineennns 85 45 volts
G2 Gy

e/o O, BEAM POWER TUBE
Glass octal type used in the audio

() output stage of radio and television 6W6-GT
\‘/ " receivers. Triode-connected, it is used
o () X, as a vertical deflection amplifier in tele-
vision receivers. QOutline 22 or 23,

OUTLINES SECTION This type may be supplied with pin No.1 omltted Tube
requires octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . <.ttt ittt it i ntee et et caeaannaas 6.3 volts
HEATER CURRENT. . ..ttt ittt ate e iiiiaenenaenaeaennenonnenans 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. L to Plate. . .. ... ... ittt annannsonarennnns 0.5 nuf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. S N 15.0 puf
Plate to Cathode, Heater, Grid No.2, and Grid No.3.. ... 9.0 puf
Maximum Ratings: CLASS A; AMPLIFIER
DC PLATE VOLTAGE. . . ...ttt ittie et ieinaennstoarenscanesonnenss 300 max volta
GRID-NO.2 (8CREEN) VOLTAGE. . . . . ...ttt ititnenarneenrannans 150 mazx volts
PLATE DISSIPATION. . ..ttt ittt iia it iaeitatianeneenearssnons 10 mazx watts
GRID-NO.2 INPUT. . . ... ittt it it iareerrenenranss 1.26 max watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........................ e 200 mazx volta
Heater positive with respect to cathode. ... ............... ... .00, . 2008mazx volts

8The dc component must not exceed 100 volts.

AVERAGE PLATE CHAR ACT ERISTICS

PENTODE CONNECTIO!
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Characteristics:

Plate Voltage....... . 110 200 volts
Grid-No.2 Voltage. . . 110 125 volts
Grid-No.1 (Control-G -1.5 — volts
Cathode-Bias Resistor — 180 ohms
Peak AF Grid-No.1 Voltage 7.5 8.6 volts
Zero-Signal Plate Current. . .. ..........couuvureinnnennnnn. 49 46 ma
Maximum-Signal Plate Current...............ccveuuunn... 50 47 ma
Zero-Signal Grid-No.2 Current. . ...........cccvvrnnniennn. 4 2.2 ma
Maximum-Signal Grid-No.2 Current. ...........ccccvevun... 10 8.5 ma
Plate Resistance (ApDProx.). .. ........ciieeuieevnnnnnnnnnn 13000 28000 ohms
Transconductance. . . ... ... .. o uuuinenvinerennernnnss 8000 8000 umhos
Plate Load Resistance. . . ................cciuieennnann.. .o 2000 4000 ohms
Total Harmonic Distortion (Approx.). ................... . 10 10 per cent
Maximum-Signal Power OQutput. ................c..ccovuu.. 2.1 3.8 watts

Maximum Circuit Values {For maximum rated conditions):

Grid-No.1 Circuit Resistance:
For fixed-bias operation. .....................
For cathode-bias operation .

0.1 max megohm
0.5 max megohm

Characteristics (Triode Connection)*:

Plate Voltage. . . ... ittt it e 225 volts
Grid-No.1 Voltage. . .. ... ..ottt i iiannanaens -30 volts
Amplification Factor. . ... .. ... ittt 6.2

Plate Resistance. . ... .. ...ttt ittt iirninneanannnns 1600 ohms
TranscondUCtanCe. . . . o.vvut et et et et taae ettt 3800 amhos
Plate Current. ... ... ... it i i e 22 ma
Grid-No.1 Voltage (Approx.) for Plate Current of 50ua. .. ............... —42 volts

*QGrid-No. 2 connected to plate.
VERTICAL DEFLECTION AMPLIFIER {Triode Connection)*
For operation in a 525-line, 80-frame system
Maximum Rotings:

DC PLATE VOLTAGE. . . ...\ttt ittt it e e e 300 max volts
PEAK PoSITIVE-PULSE PLATE VOLTAGEt (Absolute maximum) .. ........... 1200°max volta
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE. . .. ... .......ccuuuiueno.... —250 max volts
CATHODE CURRENT:
Peak. . .. ... 140 maz ma
C e 40 max ma
PLATE DISSIPATION . . ... .ottt ittt 7.5 max watts
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 200 max volts
Heater positive with respect to cathode. .. .......... v 200mmaz volts

Maximum Circvit Value:

Grid-No.1-Circuit Resistance:
For cathode-bias operation. . ........... ... ... ... ..o 2.2 maxr megohms

* Grid No.2 connected to plate.

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle, In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

© Under no circumstances should this absolute value be exceeded.

#The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
TRIODE CONNECTION
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