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Electrons, Electrodes 
and Electron Tubes 

THE electron tube is a marvelous 
device. It makes possible the per

forming of operations, amazing in con
ception, with a precision and a certainty 
that are astounding. It is an exceedingly 
sensitive and accurate instrument-the 
product of coordinated efforts of engi
neers and craftsmen. Its construction 
requires materials from every corner 
of the earth. Its use is world-wide. 

The importance of the electron 
tube lies in its ability to control almost 
instantly the flight of the millions of 
electrons supplied by the cathode. It 
accomplishes this control with a mini
mum of energy. Because it is almost 
instantaneous in its action, the electron 
tube can operate efficiently and accu
rately at extremely high electrical fre
quencies. 

Electrons 

All matter exists in the solid, 
liquid, or gaseous state. These three 
forms consist entirely of minute divi
sions known as molecules, which, in 
turn, are composed of atoms. Atoms 
have a nucleus which is a positive 
charge of electricity, around which re
volve tiny charges of negative electricity 
known as electrons. Scientists have es
timated that electrons weigh only 1/30-
billion, billion, billion, billionths 
0130 x 10-"") of an ounce, and that they 
may travel at speeds of thousands of 
miles per second. 

Electron movement may be accele
rated by the addition of energy. Heat is 
one form of energy which can be con
veniently used to speed up the electron. 

For example, if the temperature of a 
metal is gradually raised, the electrons 
in the metal gain velocity. When the 
metal becomes hot enough, some elec
trons 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 elec
trons, mounted in an evacuated en
velope. The envelope may be made of 
glass, metal, ceramic, or a combination 
of these materials. 

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 cath
ode may be used to distinguish between 
the different forms of cathodes. For ex
ample, 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 ma
terial on its outside surface and is 
heated by radiation and conduction 
from the heater. 

A filament, or directly heated cath
ode, such as that shown in Fig. 1 may 
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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 filaments are 
made from tungsten impregnated with 
thorium oxide. Due to the presence of 
thorium, these filaments liberate elec
trons at a more moderate temperature 
of about 1700·C (a bright yellow) and 
are, therefore, much more economical 
of filament power than are pure tung
sten 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 tempera
ture of about 700-7S0·C (a dull red) 
to produce a copious supply of elec
trons. Coated filaments operate very 
efficiently and require relatively little 
filament power. However, each of these 
cathode materials has special advan
tages which determine the choice for a 
particular application. 

Directly heated filament-cathodes 
require comparatively little heating 
power. They are used in tube types de
signed for battery operation because it 
is, of course, desirable to impose as 
small a drain as possible on the bat
teries: They are also used in rectifiers 
such as the IG3GTA/IB3GT ,md the 
5Y3GT. 

An indirectly heated cathode, or 
heate.r-cathode, consists of a thin metal 
sleeve coated with electron-emitting ma
terial such as alkaline-earth oxides. The 
emissive surface of the cathode is main
tained at the required temperature 
(approximately 10S0·K) by resistance
heating of a tungsten or tungsten-alloy 
wire which is placed inside the cath
ode sleeve and electrically insulated 
from it, as shown in Fig. 2. The heater 
is used only for the purpose of heat
ing the cathode sleeve and sleeve coat
ing to an electron-emitting temperature. 
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Useful emission does not take place 
from the heater wire. 

A new dark heater insulating coat
ing developed by RCA has better heat 
transfer than earlier aluminum-oxide 
coatings, and makes it possible to oper
ate heaters at lower temperatures for 
given power inputs. Because the tensile 
strength of the heater wire increases 
at the lower operating temperatures, 
tubes using dark beaters have increased 
reliability, stability, and life. 

Fig. I-Filament 
or directly heated 

cathode. 

COATING 

Fig. 2-lndirectly 
heated cathode or 

heater-cathode. 

The heater-cathode construction is 
well adapted for use in electron tubes 
intended for operation from ac power 
lines and from storage batteries. The 
use of separate parts for emitter and 
heater functions, the electrical insula
tion 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 con
nection 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 cath
ode and plate, and of an amplifier tube 
having close spacing between its cath
ode and grid. In a close-spaced 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 obtain
able from the tube. Because of the 
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advantages of the heater-cathode con
struction, almost all present-day receiv
ing tubes designed for ac operation 
have heater-cathodes. 

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 elec
trons as well as those required to pro
duce them. These parts consist of a 
cathode and one or more supplemen
tary electrodes. The electrodes are en
closed 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 pre
vent injury to the emitting surface of 
the cathode. 

When the cathode is heated, elec
trons leave the cathode surface and 
form an invisible cloud in the space 
around it. Any positive electric poten
tial within the evacuated envelope of
fers a strong attraction to 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-elec
trode tube. In a diode, the positive 
potential is supplied by a suitable elec
trical source connected between the 
plate terminal and a cathode terminal, 
as shown in Fig. 3. Under the influence 
of the positive plate potential, electrons 
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Fig. 3-Basic diode circuit. 

flow from the cathode to the plate and 
return through the external plate-bat
tery circuit to the cathode, thus com
pleting the circuit. This flow of electrons 
is known as the plate 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 cur
rent will flow. If an alternating voltage 
is applied to the plate, the plate is al· 
ternately made positive and negative 
Because plate current flows only during 
the time when the plate is positive, cur
rent flows 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 volt
age. 

AI. TERNATING 
IIOI...TAGE INPUT 

Fig. 4-Current characteristics 01 rectifier 
circuit. 

Diode rectifiers are used in ac re
ceivers to convert the ac supply voltage 
to dc voltage for the electrodes of the 
other tubes in the receiver. Rectifier 
tubes having only one plate and one 
cathode, such as the 35W4, are called 
half-wave rectifiers, because current 
can flow only during one-half of the 
alternating-current cycle. When two 
plates and one or more cathodes are 
used in the same tube, current may be 
obtained on both halves of the ac cycle. 
The 6X4, 5Y3GT, and 5U4GB are ex
amples of this type and are called 
full-wave rectifiers. 

Not all of the electrons emitted by 
the cathode reach the plate. Some re
turn to the cathode, while others re
main in the space between the cathode 
and plate for a brief period to produce 
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an effect known as space cbarge. This 
charge has a repelling action on other 
electrons which leave the cathode sur
face and impedes their passage to the 
plate. The extent of this action- and the 
amount of space charge depend on the 
cathode temperature, the distance be
tween the cathode and the plate, 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 increas
ingly 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 increasingly 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 cur
rent 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 saturadoo 
curreot. Because it is an indication of 
the total number of electrons emitted, 
it is also known as emissioo curreot or 
simply emissioo. 

Saturallon Pointt-.. 

.......... ...... -
I 

/ 

-1--~ 
--::7 o PLATE VOLTAGE-

Fig. 5-Current characteristic 01 diode 
tube. 

Although tubes are sometimes 
tested by measurement of their emission 
current, it is generally not advisable to 
measure the full value of emission be
cause this value would be sufficiently 
large to cause change in the tube char
acteristics or even to damage- the tube. 
Consequently, while the test value of 
emission current is somewhat larger 
than the maximum current which will 
be required from the cathode in the 
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use of the tube, it is ordinarily less 
than the full emission current. The 
emission test, therefore, is used to in
dicate whether the cathode can supply 
a sufficient number of electrons for 
satisfactory operation of the tube. 

If space charge were not present to 
repel electrons coming from the cath
ode, 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 5V 4GA and the 
6AX5GT. In these types, the radial dis
tance 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. When such tubes 
are operated, a small amount of mer
cury contained in the tube is partially 
vaporized, 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 "ioDIzed," i.e., it has lost 
one or more electrons and, therefore, 
has a positive charge. Ionization is evi
denced by a bluish-green glow between 
the cathode and plate. When ionization 
occurs, the space charge is neutralized 
by the positive mercury atoms so that 
increased numbers of electrons are 
made available. Mercury-vapor tubes 
are used primarily for power rectifiers. 

Ionic-beated-cathode reedfien de
pend on gas ionization for their opera
tion. These tubes are of the full-wave 
design and contain two anodes and a 
coated cathode sealed in a bulb con
taining a reduced pressure of inert gas. 
The cathode becomes hot during tube 
operation, but the heating effect is 
caused by bombardment of the cath
ode by ions within the tube rather than 
by heater or filament current from an 
external source. 

The internal structure of an ionic
heated-cathode tube is designed so that 
when sufficient voltage is applied to the 
tube, ionization of the gas occurs be-
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tween the anode which is instan
taneously positive and the cathode. 
Under normal operating voltages, ioni
zation does not take place between the 
anode that is negative and the cathode, 
so that the requirements for rectifica
tion are satisfied. The initial small flow 
of current through the tube is sufficient 
to raise the cathode temperature quickly 
to incandescence, whereupon the cath
ode emits electrons. The voltage drop 
in such tubes is slightly higher than 
that of the usual hot-cathode gas rec
tifiers because energy is taken from the 
ionization discharge to keep the cath
ode at operating temperature. Proper 
operation of these rectifiers requires a 
minimum flow of load current at all 
times to maintain the cathode at the 
temperature required to supply sufficient 
emission. 

Triodes 

When a third electrode, called the 
control grid, is placed between the cath
ode and plate, the tube is known as a 
triode, the family name for a three
electrode tube. The grid usually consists 
of relatively fine wire wound on two 
support rods (siderods) and extending 
the length of the cathode. The spacing 
between turns of wire is large compared 
with the size of the wire so that the 
passage of electrons from cathode to 
plate is practically unobstructed by the 
grid. In some types, a frame grid is used. 
The frame consists of two siderods sup
ported by four metal straps. Extremely 
fine lateral wire (diameter of 0.5 mil or 
less) is wound under tension around the 
frame. This type of grid permits the 
use of closer spacings between grid 
wires and between tube electrodes, and 
thus improves tube performance. 

The purpose of the grid is to con
trol the flow of plate current. When a 
tube is used as an amplifier, a negative 
dc voltage is usually applied to the 
grid. Under this conditon 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, as 
shown in Fig. 6. When the plate is posi
tive, as is normal, and the de grid volt-

age is made more and more negative, 
the plate is less able to attract electrons 
to it and plate current decreases. When 
the grid is made less and less negative 
(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 ac
cordance with a signal, the plate cur
rent varies with the signal. Because a 
small voltage applied to the grid can 
control a comparatively large amount 
of plate current, the signal is ampli
fied by the tube. Typical three-electrode 
tube types are the 6C4 and 6AF4A. 

ELECTRON 
FLOW r,::. A 

Fig. 6-Basic triode circuit. 

OUTPUT 

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 inter
electrode 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 unde
sired coupling between the input circuit, 
the circuit between grid and cathode, 
and the output circuit, the circuit be
tween plate and cathode. This coupling 
is undesirable in an amplifier because 
it may cause instability and. unsatisfac
tory performance. 

Tetrodes 
The capacitance between control 

grid and plate can be made small by 
mounting an additional electrode, called 
the screen grid (grid No.2), in the tube. 
With the addition of the grid No.2, 
the tube has four electrodes and is, ac
cordingly, called a tetrode. The screen 
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grid or grid No. 2 is mounted between 
the grid No. 1 (control grid) and the 
plate, as shown in Fig. 7, and acts as 
an electrostatic shield between them, 
thus reducing the grid-to-plate capaci
tance. The effectiveness of this shield
ing action is increased by a bypass 

Fig. 7-Basic tetrode circuit. 

capacitor connected between-screen .grid 
and cathode. By means of the screen 
grid 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 
picofarads (PF) for a triode to 0.01 pF 
or less for a screen-grid tube. 

The screen grid has another desir
able effect in that it makes plate current 
practically independent of plate voltage 
over a certain range. The screen grid is 
operated at a positive voltage and, 
therefore, attracts electrons from the 
cathode. However, because of the com
paratively large space between wires of 
the screen grid, most of the electrons 
drawn to the screen grid pass through 
it to the plate. Hence, the screen grid 
supplies an electrostatic force pulling 
electrons from the cathode to the plate. 
At the same time, the screen grid shields 
the electrons between cathode and 
screen grid 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-grid voltage, 
plate current in a screen-grid tube de
pends to a great degree on the screen
grid voltage and very little on the plate 
voltage. The fact that plate current in 
a screen-grid tube is largely independ
ent of plate voltage makes it possible 
to obtain much higher amplification 
with a tetrode than with a triode. The 
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low grid-plate capacitance makes it 
possible to obtain this high amplifica
tion without plate-to-grid feedback and 
resultant instability. In receiving-tube 
applications, the tetrode has been re
placed to a considerable degree by the 
pentode. 

Pentodes 
In all electron tubes, electrons 

striking the plate may, if moving at suf
ficient 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 emis
sion. 

In the case of screen-grid tubes, the 
proximity of the positive screen grid to 
the plate offers a strong attraction to 
these secondary electrons, and particu
iarly so if the plate voltage swings lower 
than the screen-grid voltage. This effect 
reduces 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 grid and plate. This fifth elec
trode is known as the suppressor grid 
(grid No.3) and is usually connected 
to the cathode, as shown in Fig. 8. Be
cause of its negative potential with 
respect to the plate, the suppressor grid 
retards the flight of secondary electrons 
and diverts them back to the plate. 

ELECTRON 
FLOW 

rr;. A 
PLATE PLATE 

S~~~N CURRENT 

OUTPUT 

C '- B I JI + -'1\1111-+----' 

Fig. 8-Basic pentode circuit. 
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The family name for a five-elec
trode tube is "pentode." In power-out
put pentodes, the suppressor grid makes 
possible higher power output with lower 
grid-driving voltage; in radio-frequency 
amplifier pentodes, the suppressor grid 
makes possible high voltage amplifica
tion at moderate values of plate volt
age. 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-grid voltage 
without serious loss in signal-gain capa
bility. Representative pentodes used for 
power amplification are the 6CL6 and 
6K6GT; representative pentodes used 
for voltage amplification are the 6AU6A, 
6BA6. and 5879. 

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 (grid No.2), a plate, and, op
tionally, a suppressor grid (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 
grid and plate. The space charge is 
produced by the slowing up of electrons 
traveling from a high-potential screen 
grid to a lower-potential plate. In this 
low-velocity region, the space charge 
produced is sufficient to repel second
ary 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 re
turning to the screen grid outside of the 
beam. A feature of a beam power tube 
is its low screen-grid current. The screen 
grid and the control grid are spiral wires 
wound so that each turn of the screen 
grid is shaded from the cathode by a 
grid turn. This alignment of the screen 

grid and control grid causes the elec
trons to travel in sheets between the 
turns . of the screen grid so that very 
few of them strike the screen grid. 
Because of the effective suppressor ac
tion provided by space charge and be
cause of the low current drawn by the 
screen grid, the beam power tube has 
the advantages of high power output. 
high power sensitivity, and high effi
ciency. 

Fig. 9 shows the structure of a 
beam .power tube employing space
charge suppression ".,1 illustrates how 

Fig. 9-Structure 01 beam power tube 
showing beam-confining action. 

the electrons are confined to beams. 
The beam condition illustrated is that 
for a plate potential less than the 
screen-grid 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 por
tion of the beam. In this way the 
space-charge potential region is ex
tended beyond the beam boundaries 
and stray secondary electrons are pre
vented from returning to the screen 
grid outside of the beam. The space
charge effect may also be obtained by 
use of an actual suppressor grid. Ex
amples of beam power tubes are 
6AQ5A. 6L6GC, 6V6GTA, and 50C5. 

Multi-Electrode and 
Multi-Unit Tubes 

Early in the history of tube. devel-
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opment and application, tubes were de
signed for a general service; that is, a 
single tube type-a triode-was used as 
a radio-frequency amplifier, an inter
mediate-frequency amplifier, an audio
frequency amplifier, an oscillator, or a 
detector. Obviously, with this diversity 
of application, one tube did not meet all 
requirements to the best advantage. 

Later and present trends of tube 
design are the development of "spe
cialty" types. These types are intended 
either to give optimum performance in 
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 6CB6A and 
6BY6. 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 6BY6 is an espe
cially interesting type in this class. 
This tube has an unusually large num
ber of electrodes, namely seven, ex
clusive of the heater. Plate current in 
the tube· is varied at two different fre
quencies at the same time. The tube is 
designed primarily for use as a com
bined sync separator and sync clipper 
in television receivers. 

The second class includes multi
unit tubes such as the twin-diode triodes 
6CN7 and 6A V6, as well as triode-pen
todes such as the 6EA8 and 6GH8A. 
This class also includes class A twin 
triodes such as the 6FQ7/6CG7 and 
12AX7A, and types such as the 6CM7 
containing dissimilar triode units used 
primarily as combined vertical oscilla
tors and vertical deflection amplifiers 
in television receivers. Full-wave rec
tifiers are also multi-unit types. 

A third class of tubes combines fea
tures of each of the other two classes. 
Typical of this third class are the penta
grid-converter types 6BE6 and 6SA7. 
These tubes are similar to the multi
electrode types in that they have seven 
electrodes, all of which affect the elec
tron stream; and they are similar to the 
multi-unit tubes in that they perform 
simultaneously the double function of 
oscillator and mixer in superheterodyne 
rt:ceivers. 
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Receiving Tube Structure 

Receiving tubes generally utilize a 
glass or metal envelope and a base. 
Originally, the base was made of metal 
or molded phenolic material. Types 
having a glass envelope and a molded 
phenolic base include the "octal" types 
such as the 5U4GB and the 6SN7GTB. 
Types having a metal envelope and 
molded phenolic octal base include the 
6V6 and the 6L6. Many modem types 
utilize integral glass bases. Present-day 
conventional tube designs utilizing glass 
envelopes and integral glass bases in
clude the seven-pin and nine-pin mini~ 
ature types, the nine-pin novar and 
neonoval types, and the twelve-pin duo
decar types. Examples of the seven-pin 
miniature types .. .are the 6AU6A and 
6AV6. Examples of the nine-pin mini
ature types are the 12AU7A and 6EA8. 
Examples of the novar types are the 
6CJ3 and 7868. The nine-pin base for 
the novar types has a relatively large 
pin-circle diameter and long pins to 
insure firm retention of the tube in its 
socket. 

The Duvistor concept provided a 
new approach to electron tube design. 
Nuvistor tubes utilize a light-weight 
cantilever-supported cyclindrical elec
trode .structure housed in a ceramic
metal envelope. These tubes combine 
new materials, processes, and fabrica
tion techniques. Examples of the nu
vistor are the 6CW4 and the 6DV4. 

Television Picture Tubes 

The picture tube, or kinescope, is 
a multi-electrode tube used principally 
in television receivers for picture dis
play. It consists essentially of an elec
tron gun, a glass or metal-and-glass 
envelope and faceplate combination, 
and a fluorescent screen. 

The electron gun includes a cath
ode for the production of free elec
trons, one or more control electrodes 
for accelerating the electrons in the 
beam, and, optionally, a device for 
"trapping" unwanted ions out of the 
electron beam. 

Focusing of the beam is accom
plished either electromagnetically by 
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means of a focusing coil placed on the 
neck of the tube, or electrostatically, 
as shown in Fig. 10, by means of a 
focusing electrode (grid No.4) within 
the envelope of the tube. The screen 
is a white-fluorescing phosphor P4 of 
either the silicate or the sulfide type. 

Deflection of the beam is accom
plished either electrostatically by means 
of deflecting electrodes within the enve
lope of the tube, or electromagnetically 
by means of a deflecting yoke placed 
on the neck of the tube. Fig. 10 shows 
the structure of the gun section of a 
picture tube and illustrates how the 
electron beam is formed and how the 
beam is deflected by means of an elec
tromagnetic deflecting yoke. In this 
type of tube, ions in the beam are 
prevented from damaging the fluores
cent screen by an aluminum film on 
the gun side of the screen. This film 
not only "traps" unwanted ions, but 
also improves picture contrast. In many 
types of non-aluminized tubes, ions 
are separated from the electron beam 
by means of a tilted-gun and ion-trap
magnet arrangement. 

Color television picture tubes are 
similar to black-and-white picture tubes, 
but differ in three major ways: (1) The 
light-emitting screen is made up of trios 

of phosphor dots deposited in an inter
laced pattern. Each dot of a trio is capa
ble of emitting light in one of the three 
primary colors (red, green, or blue). 
(2) A shadow mask mounted near the 
screen of the tube contains over 300,-
000 apertures, one for each of the 
phosphor dot trios. This mask provides 
color separation by shadowing two of 
the three phosphor dots of each trio. 
(3) Three closely spaced electron guns, 
built as a unit, provide separate beams 
for excitation of the three different 
color-phosphor-dot arrays. Thus it is 
possible to control the brightness of 
each of the three colors independently 
of the other two. Fig. 11 shows a cut
away view of a color television picture 
tube. 

The three electron guns are 
mounted with their axes tilted toward 
the central axis of the envelope, and 
are spaced 120 degrees with respect to 
each other. The focusing electrodes of 
the three guns are interconnected in
ternally, and their potential is adjusted 
to cause the separate beams to focus 
at the phosphor-dot screen. All three 
beams must be made to converge at 
the screen while they are simultaneously 
being deflected. Convergence is accom
plished by the action of static and 
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Fig. IO-Structure 01 television-picture-tllbe electron gUll. 
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dynamic magnetic tields set up by 
the radial-converging magnet assembly 
mounted on the neck of the tube. 
These fields are coupled into the radial
converging pole pieces within the tube, 
Another pair of pole pieces in the 
tube is activated by the lateral-converg
ing magnet also mounted on the neck 
of the tube. These pole pieces permit 
lateral shift in position of the blue 
beam in opposition to the lateral shift 
of the green and red beams. 

A purifying magnet is used with 
color picture tubes to provide a mag
netic field, adjustable in magnitude and 
direction, to effect register over the en
tire area of the screen. A magnetic 
shield is used to minimize the effects 
of the earth's magnetic field. 

Deflection of the three beams is 
accomplished simultaneously by a de
flecting yoke using four electromagnetic 
coils similar to the deflecting yoke used 
for black-and-white picture tubes. 

A totally new concept in color 
television display systems utilizing an 
advanced design of electron gun, de
flection yoke, and picture tube has 
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been developed by RCA. Instead of 
dots, this tube utilizes a screen con
sisting of continuous vertical phos
phor lines of . alternating green, red, 
and blue emitting phosphors. The mask 
apertures are vertical slits with small 
cross ties to provide strength. This 
line-screen arrangement has the ad
vantage of reducing beam-to-phosphor 
misregister, enhancing color purity, and 
improving white uniformity 

The electron gun of this tube uses 
a horizontal in-line structure rather 
than the 120· spacing of the phos
phor-dot tube and is designed for use 
with a precision static toroid line
focus-type deflecting yoke. With this 
structure, the three beams and the de
flecting field are in precise alignment. 
As a result, this precision in-line tube 
assembly is inherently self-converging 
and does not require dynamic con
vergence correction or its associated 
circuitry Consequently, the deflecting 
yoke and neck components can be pre
adjusted and permanently attached to 
the picture tube by the tube manufac
turer. 

Fig. ll-Clltaway view 01 color televisIOn picture IIIbe. 



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 po
tentials applied to the tube electrodes, 
while Dynamic Characteristics are the 
values obtained with an ac voltage on 
a control grid under various condi
tions of dc potentials on the electrodes. 
The dynamic characteristics, therefore, 
are indicative of the performance capa
bilities 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 informa
tion, but in two different forms to 
increase its usefulness. The plate char
acteristic curve is obtained by varying 
plate voltage and measuring plate cur
rent for different grid-bias voltages, 
while the transfer-characteristic curve 
is obtained by varying grid-bias voltage 
and measuring plate current for differ
ent plate voltages. A plate-characteristic 
family of curves is shown in Fig. 12. 
Fig. 13 gives the transfer-characteristic 
familv 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 varia
tions in tube operating conditions. 
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Electron Tube 
Characteristics 

Fig. 12-Fami1.v 0/ plate-characteristics 
curves. 

The amplification factor, or p., 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 

-20 -10 
GRID VOLTS 

Fig. 13-F amily 0/ trallsfer-characteristic. 
curves. 

unchanged and that all other electrode 
voltages are maintained constant. For 
example, if, when the plate voltage 
is made 1 volt more positive, the con
trol-electrode (grid-No. 1) voltage must 
be made 0.1 volt more negative to hold 
plate current unchanged, the amplifica
tio'n factor is 1 divided by 0.1, or 10. 
In other words, a small voltage varia
tion in the grid circuit of a tube has 
the same effect on the plate current as 
a large plate-voltage change-the lat
ter equal to the product of the grid
voltage change and amplification factor. 
The p. of a tube is often useful for 
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calculating stage gain. This use is dis
cussed in the Electron Tube AppUca
tions section. 

Plate resistance (rp) of an electron 
tube is the resistance of the path be
tween cathode and plate to the flow of 
alternating current. It is the quotient 
of a small change in plate voltage di
vided by the corresponding change in 
plate current and is 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-to-plate transconduct
ance, or simply transconductance (goo), 
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 conduct
ance. Transconductance may be more 
strictly defined as the quotient of a small 
change in plate current (amperes) di
vided by the small change in the con
trol-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 transconductance 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 (I'mho), is used to express 
transconductance. Thus. in the exam
ple, 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 di
vided by the applied radio-frequency 
(rf) voltage producing it; more pre
cisely, 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 transconductance is used in 
the same way as control grid-to-plate 
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transconductance is used in single-fre
quency amplifier computations. 

The plate efficiency of a power am
plifier tube is the ratio of the ac power 
output (Po) to the product of the aver
age de plate voltage (Eb) and de plate 
current (I.) at full signal, or 

Plate efficiency _ Po watts 100 
% - E. volts X r. amperes X 

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

. .. (h) Po watts 
Power sensItiVity m os = (Eln. rma)' 

X-RADIATION 
CHARACTERISTICS OF 

TELEVISION PICTURE TUBES 

X-rays are produced when the atoms 
of a material are bombarded by elec
trons (or ions). The relative intensity 
and spectral energy distribution of the 
X-radiation at the source are deter
mined by the accelerating voltage, the 
electron (or ion) current, and the 
atomic number of the bombarded ma
terials. Because of the selective filter
ing effect of the glass bulb and/or of 
other tube components, the relative in
tensity external to the tube is given by 
the following relationship: 

Relative Intensity a iY·Z 

where 
i = current . 

Y = accelerating voltage 
Z = atomic number of the "target" 

In present monochrome and color 
picture tubes, which use high absorp
tion glass, "n" is the order of 20. 

X-radiation also may be produced in 
the neck by stray electrons (or ions) 
that are accelerated by voltages that 
may be as high as the anode voltage. 
This radiation is independent of that 
produced by the beam and, in fact, may 
be produced when there is no beam 
current; it is dependent upon voltages 
that are related to interelectrode po
tential differences or charge patterns 
on the glass, and upon leakage currents. 



THE diversified applications of an 
electron receiving tube have, within 

the scope of this section, been treated 
under seven headings: Rectification; 
Detection; Amplification; TV Scanning, 
Sync, and Deflection; Oscillation; Fre
quency Conversion; and Tuning Indica
tion with Electron-Ray Tubes. Although 
these operations may take place at 
either radio or audio frequencies and 
may involve the use of different cir
cuits and different supplemental parts, 
the general considerations of each kind 
of operation are basic. 

General System Functions 
When speech, music. or video in

formation is transmitted from a radio 
or television station, the station radiates 
a modulated radio-frequency (rf) car
rier. The function of a radio or tele
vision receiver is simply to reproduce 
the modulating wave from the modu
la ted carrier. 

As shown in Fig. 14, a superhetero
dyne radio receiver: picks up the trans
mitted modulated rf signal, amplifies it. 
converts it to a modulated intermediate
frequency (if) signal, amplifies the 
modulated if signal, separates the 
modulating signal from the basic car
rier wave (Detection), and amplifies the 
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Electron Tube 
Applications 

resulting audio signal to a level suffi
cient to produce the desired volume 
in a speaker. In addition, the receiver 
usually includes some means of produc
ing automatic gain control (agc) of the 
modulated signal before the audio in
formation is separated from the carrier. 

The transmitted rf signal picked up 
by the radio receiver may contain either 
amplitUde modulation (AM) or fre
quency modulation (FM). (These mod
ulation techniques are described later 
in the section on Detection.) In either 
case, amplification prior to the detector 
stage is performed by tuned amplifier 
circuits designed for the proper fre
quency and bandwidth. Frequency con
version is performed by mixer and 
oscillator circuits or by a single con
verter stage which performs both mixer 
and oscillator functions. Separation of 
the modulating signal is normally ac
complished by one or more diodes in 
a detector or discriminator circuit. Am
plification of the audio signal is then 
performed by one or more audio am
plifier stages. 

Audio-amplifier systeras for phono
graph or tape recordings are similar to 
the stages after detection in a radio 
receiver. The input to the amplifier is a 
low-power-Ievel audio signal from the 

Fig. 14-Simpli/ied block dias:ram for a broadcast-balld ,·eceiver. 
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phonograph or magnetic-tape pickup 
head. This signal is usually amplified 
through a preamplifier stage, one or 
more low-level (pre,driver or driver) 
audio stages, and an audio power am
plifier. The system may also include 
frequency-selective circuits which act 
as equalization networks and/or tone 
controls. 

The operation of a television re
ceiver is more complex than that of 
a radio receiver, as shown by the sim
plified block diagram in Fig. 15. The 
tuner section of the receiver selects the 
proper rf signals for the desired channel 
frequency, amplifies them, and converts 
them to a lower intermediate frequency. 
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formation to the television picture tube 
and thus controls instantaneous "spot" 
brightness. At the same time, deflection 
circuits cause the electron beam of the 
picture tube to move the "spot" across 
the faceplate horizontally and vertically. 
Special "sync" signals derived from 

,the video signal assure that the hori
zontal and vertical scanning are timed 
so that the picture produced on the re
ceiver exactly duplicates the picture 
being viewed by the camera or pickup 
tube. 

A communications transceiver con
tains transmitting circuits, as well as 
receiving circuits similar to those of a 
radio receiver. The transmitter portion 

Fig. 15-Simplified block diagram for a black-and-white television receiver. 

As in a radio receiver, these functions 
are accomplished in rf-amplifier, mixer, 
and local-oscillator stages. The if sig
nal is then amplified in if-amplifier 
stages which provide the additional 
gain required to bring the signal level 
to an amplitude suitable for detection 
of the video information. 

After detection, the video signal is 
amplified and separated into sound and 
picture information. The sound signal 
is amplified and processed to provide an 
audio signal which is fed to an audio 
amplifier system similar to those de
scribed above. The picture (video) sig
nal is passed through a video amplifier 
stage which conveys beam-intensity in-

of such a system consists of two sections. 
In one section, the desired intelligence 
(voice, code, or the like) is picked up 
and amplified through one or more 
amplifier stages (which are usually com
mon to the receiver portion) to a high
level stage called a modulator. In the 
other section, an rf signal of the desired 
frequency is developed in an oscillator 
stage and amplified in one or more 
rf-amplifier stages. The audio-frequency 
(af) modulating signal is impressed on 
the rf carrier in the final rf-power
amplifier stage (high-level modulation), 
in the rf low-level stage (low-level mod· 
ulation), or in both. Fig. 16 shows a 
simplified block diagram of the trans-
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Fig. l6-Simplified block diagram for the transmiller portion of a 27-MHz communi
cations receiver. 

mitter portion of a citizens-band trans
ceiver that operates at a frequency of 
27 MHz (megacycles per second). The 
transmitting section of a communica
tions system may also include fre
quency-multiplier circuits which raise 
the frequency of the developed rf signal 
as required. 

Rectification 
The rectifying action of a diode 

finds important applications in supply
ing a receiver with dc power from an 
ac line and in supplying high de voltage 
from a high-voltage pulse. A typical 
arrangement for converting ac to de in
cludes a rectifier tube, a filter, and a 
voltage divider. The rectifying action 
of the tube is explained briefly under 
Diodes, in the Electrons, Electrodes, 
and Electron Tubes section. High
voltage pulse rectification is described 
later under Horizontal Output Circuits. 

The function of a filter is to 
smooth out the ripple of the tube out-
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Fig. 17-Voltage waveforms of fllll-wave 
rectifier circllit. 

put, as indicated in Fig. 17, and to 
increase rectifier efficiency. The action 
of the filter is explained in the 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 
electrodes of the tubes in the receiver. 

A half-wave rectifier and a full
wave rectifier circuit are shown in Fig. 
18. In the half-wave circuit, current 

Fig. l8-Half-wave and full-wave rectifier 
circuits. 

flows through the rectifier tube to the 
filter on every other half-cycle of the ac 
input voltage when the plate is positive 
with respect to the cathode. In the full
wave circuit, current flows to the filter 
on every half-cycle, through plate No.1 
on one half-cycle when plate No. 1 is 
positive with respect to the cathode, 
and through plate No. 2 o.n the next 
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half-cycle when plate No.2 is positive 
with respect to the cathode. 

Because the current flow to the 
filter is more uniform in the full-wave 
circuit than in the half-wave circuit, 
the output of the full-wave circuit re
quires less filtering. Rectifier operating 
information and circuits are given under 
each rectifier tube type and in the 
Circuits section, respectively. 

Parallel operation of rectifier tubes 
furnishes an output current greater than 
that obtainable 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 permis
sible voltage and load conditions per 
tube are the same as for full-wave 
service but the total load-current
handling capability of the complete rec
tifier 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 current. The 
value of the resistor to be used will de
pend 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 in parallel, the corre
sponding filament leads should be simi
larly connected. Otherwise, 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 resistances, give some
what 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. 19. The circuit 
derives its name from the fact that its 
dc voltage output can be as high as 
twice the peak value of ac input. Basic
ally, a voltage doubler is a rectifier cir-
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cuit arranged so that the output voltages 
of two half-wave rectifiers are in series. 

The action of a voltage doubler 
can be described briefly as follows. On 
the positive half-cycle of the ac 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 a positive charge 
into the upper capacitor. As positive 
charge accumulates on the upper 
plate of the capacitor, a positive volt
age 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 

AC 
INPUT 

Fig. J9-Full-wave vol/age-doubler circuit. 

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 volt
age 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 dc output voltage twice as 
large as the peak ac input voltage. 
When current is drawn at the output 
terminals by the load, the output volt
age 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. 19 is called a full-wave voltage 
doubler because each rectifier passes 
current to the load on each halt of the 
ac input cycle. 

A rectifier type especially designed 
for use as a voltage doubler is the 
25Z6GT. This tube combines two 
separate diodes in one tube. As a volt
age doubler, the tube is used in "trans
formerless" receivers. In these receiv
ers, the heaters of all tubes in the set 



.l!iLECTRON TUBE APPLICATIONS 

VOLTAGE -DOUBLER CIRCUIT 
HALF-WAVE 

19 

It. HEATERS or OTHER TUBES IN SERIES RI"PROTECTIVE RE$ISTOR 
WITH VOLTAGE-DROPPING RESiSTOR 

Fig. 20-Full-wave and half-wave voltage-doubler circuits showing heater-supply 
connections. 

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 Fig. 20. 

With the full-wave voltage-doubler 
circuit in Fig. 20, it will be noted that 
the de load circuit cannot be connected 
to ground or to one side of the ac supply 
line. This circuit presents certain dis
advantages when the heaters of all the 
tubes in the set are connected in series 
with a resistance across the ac line. 
Such a circuit arrangement may cause 
hum because of the high ac potential 
between the heaters and cathodes of the 
tubes. 

The half-wave voltage-doubler cir
cuit in Fig. 20 overcomes this difficulty 
by making one side of the ac line com
mon with the negative side of the dc 
load circuit. In this circuit, one half of 
the tube is used to charge a capacitor 
which, on the following half cycle, dis" 
charges in series with the line voltage 
through the other half of the tube. 
This circuit is called a half-wave volt
age doubler because rectified current 
flows to the load only on alternate 
halves of the ac input cycle. The volt
age regulation of this arrangement is 
somewhat poorer than that of the full
wave voltage doubler. 

• 

Detection 
When speech, music, or video in

formation is transmitted from a radio 
or television 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 modulated when its 
amplitude remains essentially constant 
but its frequency is varied. 

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

AM Detectioll 
The effect of amplitude modula

tion on the waveform of the rf wave is 
shown in Fig. 21. There are three differ
ent basic circuits used for the detection 
of amplitude-modulated waves: the di
ode 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 removed, the audio varia
tions of the other half-cycles can be 
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Fig. 21-Waveforms· showing eQ,u;t 0/ amplitudfl modulatltln on lilt rl WillVfI. 
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amplified to drive headphones or a loud
speaker. 

A diode-detector circuit is shown 
in Fig. 22. The action of this circuit 
when a modulated rf wave is applied is 

9[t INPUT 

R C .. , 
/ OUTPUT 

Fig. 22-Basic diode-detector circuit. 

illustrated by Fig. 23. The rf voltage 
applied to 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 .. 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. 

" i:!i', b~d 
a . : h::" 

Fig. 23-Wave/orms showing modulated r/ 
input (light line) and output voltage (heavy 

line) 0/ diode-detector circuit. 

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 cath
ode, current flows again and the capaci
tor 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 modu
lation. 

The curve for voltage across the 
capacitor, as shown in Fig. 23, is some
what jagged. However, this jaggedness, 
which represents an rf component in 
the voltage across the capacitor, is 
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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 originat
ing at the transmitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the rf signal on the plate swings posi
tive, 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 pro
vide full-wave detection. However, in 
practice, the advantages of this con
nection generally do not justify the 
extra circuit complication. 

The diode method of detection 
produces less distortion than other 
methods because the dynamic character
istics 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 avc circuits without the 
necessity for an additional voltage sup
ply, the diode method of detection is 
most widely used in broadcast receivers. 

A typical diode-detector circuit 
using a diode-triode tube is shown 
in Fig. 24. Rl is the diode load resistor. 
A portion of the af voltage developed 
across this resistor is applied to the 
triode grid through the volume control 
R.o In a typical circuit, resistor Rl may 
be tapped so that five-sixths of the 
total af voltage across R" is ,applied to 
the volume control. This tapped con
nection reduces the af voltage output 
of the detector circuit slightly, but it 
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Fig. 24-Typica/ diode-detector circuit 
using a twin diode-triode tube. 

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 Ca. The 
function of capacitor C. is to block the 
de bias of the cathode from the grid. 
The function of capacitor C. is to by
pass any rf voltage on the grid to cath
ode. A diode-pentode may also be 
used in this circuit. With a pentode, 
the af output should be resistance
coupled rather than transformer-cou
pled. 

Another diode-detector circuit, 
called a diode-biased circuit, is shown 
in Fig. 25. In this circuit, the triode grid 

Fig. 25-Diode-biased detector circuit. 

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 ismodu
lated, the af voltage at the tap is applied 
to the grid and is amplified by the 
triode. 

The advantage of the circuit shown 
in Fig. 25 over the self-biased arrange
ment shown in Fig. 24 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. Be-
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cause the bias voltage on the triode de
pends on the average amplitude of the 
rf voltage applied to the diode, the 
average amplitude of the voltage ap
plied to the diode should be constant 
for all values of signal strength at the 
antenna. Otherwise there will be differ
ent 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 resist
ance 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 prac
tice, that the receiver should have a 
separate-channel automatic-volume-con
trol (avc) system. With such an avc 
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 6SR7 having 
a medium-mu triode. Tube types having 
a high-mu triode or a pentode should 
not be used in a diode-biased circuit. 

A grid-bias detector circuit is 
shown in Fig. 26. 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 

R f CHOKE 

Fig. 26-Grid-bias detector 
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plate circuit. The advantages of this 
method of detection are that it am
plifies the signal, besides detecting it, 
and that it does not draw current from 
the input circuit and therefore does not 
reduce the selectivity of the input 
circuit. 

The grid-resistor-and.capacitor 
method, illustrated in Fig. 27, is some
what more sensitive than the grid-bias 
method and gives its best results on 
weal 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 capac
itor then reproduces the af modulation 
in the same manner as has been ex
plained for the diode detector. This 
voltage appears between the grid and 
cathode and is therefore amplified in 

GRID 
CAPACITOR 

INPUT 

A-A+ 
B-

AF 

OUTr 

B+ 

Fig. 27-Detector circuit using grid-resistor
and-capacitor bias. 

the plate circuit. The output voltage 
thus reproduces the original af signal. 

In this detector circuit, the use of 
a high-resistance grid resistor increases 
selectivity and sensitivity. However, im
proved af response and stability are ob
tained with lower values of grid-circuit 
resistance. This detector circuit ampli
fies the signal, but draws current from 
the input circuit and therefore reduces 
the selectivity of the input circuit. 

FM Detection 
The effect of frequency modulation 

on the waveform of the rf wave is 
shown -in Fig. 28. In this type of trans
mission, the frequency of the rf wave 
deviates from a mean value, at an audio
frequency rate depending on the modu-
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Fig. 28-Waveforms showing eOect of 
frequency modulation on an rf wave. 

lation, by an amount that is determined 
in the transmitter and is proportional 
to the amplitude of the af modulation 
signal. 

For this type of modulation, a de
tector is required to discriminate be
tween deviations above and below the 
mean frequency and to translate those 
deviations into a voltage whose ampli
tude varies at audio frequencies. Since 
the deviations occur at an audio fre
quency, the process is one of demodula
tion, and the degree of frequency devia
tion determines the amplitude of the 
demodulated (ai) voltage. 

A simple circuit for converting fre
quency variations to amplitude varia
tions is a circuit which is tuned so that 
the mean radio frequency is on one 
slope of its resonance characteristic, as 
at A of Fig. 29. With modulation, the 
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F"REQUENCY 
Fig. 29-Resonance curve of a tuned cir
cuit showing desired operating range for 

frequency-modulation converter. 
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8+ 
Fig. 3D-Balanced phase-shift discriminator circuit. 

frequency swings between Band C, and 
the voltage developed across the circuit 
varies at the modulating rate. In order 
that no distortion 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 de
veloped is low. Because of these limita
tions, this circuit is not commonly used 
but it serves to illustrate the principle. 

The faults of the simple circuit are 
overcome in a push-pull arrangement, 
such as that shown in Fig. 30, called a 
balanced phase-shift discriminator. In 
this detector, the mutually coupled 
tuned circuits in the primary and sec
ondary windings of the transformer T 
are tuned to the center frequency. A 
characteristic of a double-tuned trans
former is that the voltages in the primary 
and secondary windings are 90 degrees 
out of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, the 
signal applied to the diodes and the RC 
combinations for peak detection also 
changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, the 
applied primary voltage Ep is added 
to one-half the secondary voltage E, 
through the capacitor Ce• The addition 
of these voltages at resonance can be 
represented by the diagram in Fig. 31(a); 
the resultant voltage E, is the signal 
applied to one peak-detector network 
consisting of one diode and its RC load. 
When the signal frequency decreases 
(from resonance), the phase shift of 
E./2 becomes greater than 90 degrees, 
as shown at (b) in Fig. 31, and E, be
comes smaller. When the signal fre-

quency increases (above resonance), the 
phase shift of E./2 is less than 90 de
grees as shown at (c), and E, becomes 

'm~ 90· I 

Ep 

(b) 

Ep 

(0) 

Ep 

(e) 

Fig. 31-Diagralll illustrating phase shift 
in double-tuned transformer (a) at reso
nance, (b) below resonance, and (c) above 

resonance. 
larger. The curve of E, as a function of 
frequency in Fig. 32 is readily identified 
as the response curve of an FM detector. 
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Fig. 32-Diagralll showing resultant volt
age E, in Fig. 31 as a junction oj frequency. 

Because the discriminator circuit 
shown in Fig. 30 uses a push-pull con
figuration, the diodes conduct on alter
nate half-cycles of the signal frequency 
and produce a plus-and-minus output 
with respect to zero rather than with 
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respect to El. The primary advantage 
of this arrangement is that there is no 
output at resonance. When an FM sig
nal is applied to the input, the audio 
output voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. The 
frequency of this audio voltage is de
termined by the modulation frequency 
of the FM signal, and the amplitude of 
the voltage is proportional to the fre
quency excursion from resona,nce. (The 
resistor R. in the circuit provides a dc 
return for the diodes, and also maintains 
a load impedance across the primary 
winding of the transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in Fig. 
30 is that it detects audio modulation 
(AM) as well as frequency modulation 
(FM) in the if signal because the cir
cllit is balanced only at the center fre
quency. At frequencies off resonance, 
any variation in amplitude of the if 
signal is reproduced to some extent in 
the audio output. 

The ratio-detector circuit shown in 
Fig. 33 is a discriminator circuit which 
has the advantage of being relatively 
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placed "back-to-back" (in series. rather 
than in push-pull). so that both halves 
of the circuit operate simultaneously 
during one-half of the signal frequency 
cycle (and are cut off on the other half
cycle). As a result, the detected voltages 
El and & are in series. as shown for 
the instantaneous polarities that occur 
during the conduction half-cycle. When 
the audio output is taken between 
the equal capacitors C. and Co, there
fore, the output voltage is equal to 
(&-&)/2 (for equal resistors R. and 
R.). 

The dc circuit of the ratio detector 
consists of a path through the secondary 
winding of the transformer. both diodes 
(which are in series). and resistors R. 
and Ro. The value of the electrolytic 
capacitor C. is selected so that the time 
constant of Ri, Ro. and C. is very long 
compared to the detected audio signal. 
As a result, the sum of the detected 
voltages (E. + E.) is a constant and the 
AM components on the signal frequency 
are suppressed. This feature of the ratio 
detector provides improved AM rejec
tion as compared to the phase-shift 
discriminator circuit shown in Fig. 30. 

L-__ ~~ __ AUDIO (E2-EI) 
OUTPUT 2 

Fig. 33-Ratio-detector circuit. 

insensitive to amplitUde variations in 
the FM signal. In this circuit, E" is 
added to E./2 through the mutual 
coupling M2 (this voltage addition may 
be made by either mutual or capacitive 
coupling) . Because of the phase-shift 
relationship of these voltages, the re
sultant detected signals vary with fre
quency variations in the same manner 
as described for the phase-shift discrimi
nator circuit shown in Fig. 30. However, 
the diodes in the ratio detector are 

Amplification 
The amplifying action of an elec

tron tube was mentioned under Triodes 
in the section 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 am
plifier service recognized by engineers 
are covered by definitions standardized 
by the Institute of Electrical and 
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Electronics Engineers. This classifica
tion depends primarily on the fraction 
of input cycle during which plate cur
rent 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 very small (Le., 
approaches zero). 

Classes of Service 
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. 

A class AD amplifier is an ampli
fier in which the grid bias and alter
nating grid voltages are such that plate 
current in a specific tube flows for ap
preciably more than half but less than 
the entire electrical cycle. 

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 approximately 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. 

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 alter
nating grid voltage is applied. 

The suffix 1 may be added to the 
letter or letters of the class identifica
tion to denote that grid current does 
not flow during any part of the input 
cycle. The suffix 2 may be used to 
denote that grid current flows during 
part of the cycle. 

For radio-frequency (rf) amplifiers 
which operate into a selective tuned 
circuit, as in radio transmitter applica
tions, or under requirements where dis
tortion is not an important factor, any 
of the above classes of amplifiers may 
be used, either with a single tube or 
with a push-pull stage. For audio
frequency (af) amplifiers in which dis-
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tortion is an important factor, only 
class A amplifiers permit single-tube 
operation. In this case, operating con
ditions are usually chosen so that dis
tortion is kept below the conventional 
5 per cent for triodes and the con
ventional 7 to 10 per cent for tetrodes 
or pentodes. Distortion can be reduced 
below these figures by means of special 
circuit arrangements such as that dis
cussed 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 stage 
using two tubes is required for audio 
service. 

Class A Voltage Amplifiers 
As a class A voltage amplifier, an 

electron tube is used to reproduce grid
voltage variations across an impedance 
or a resistance in the plate circuit. 
These variations are essentially of the 
same form as the input signal voltage 
impressed on the grid, but their am
plitude is increased. This increase is 
accomplished by operation of 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. 34 gives a graphical illustra
tion of this method of amplication and 
shows, by means of the grid-voltage vs. 
plate-current characteristics curve, the 
effect of an input signal (S) applied to 

Fig. 34-Cllrrent characteristics of class A 
amplifier. 



the grid of a tube. The output signal (0) 
is the resulting amplified plate-current 
variation. 

The plate current flowing through 
the load resistance (R) of Fig. 35 
causes a voltage drop which varies di
rectly with the plate current. The ratio 
of this voltage variation produced in the 
load resistance to the input signal volt-

LOAD 
A(SISTANCE: 

Fig. 35-Triode amplifier circuit. 

age is the voltage amplification, or gain, 
provided by the tube. The voltage am
plification due to the tube is expressed 
by the following convenient formulas: 

Voltage amplification = Ji.R X+RL 
I. rp 

gm X fp X RL 
Of 1000000 X (f. + RL) 

where p. is the amplification factor of 
the tube, RL is the load resistance in 
ohms, r. is the plate resistance in ohms, 
and gm is the transconductance in 
micromhos. 

From the first formula, it can be 
seen .that the gain actually obtainable 
from the tube is less than the tube 
amplification factor, but that the gain 
approaches the amplification factor 
when the load resistance is large com
pared to the tube plate resistance. Fig. 
36 shows graphically how the gain ap
proaches the amplification factor of the 
tube as the load resistance is increased. 
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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. 

In a resistance-coupled amplifier, 
the load resistance of the tube is ap
proximately 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 necessary 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 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 be
cause 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 posi
tive 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 re
sults in a runaway condition which can 
destroy the tube. 

A higher value of grid resistance 
is permissible when cathode-resistor bias 
is used than when fixed bias is used. 

;h~I-++--t--I--+--t---'I--+--I---jf---I 
;:: 

i 
:i ~ f+--+---+---+ 
0( 

t.J 

VOLTAGE AMPLifiCATION Y'.LOAD RE~15TANCe: 
FOR THIOR!T ICAL TRIODE: HAVING: 
PI,.ATE RESISTANCEelOOOO OHIIIIS 

AWPL''''CATION "AGlOR-tO 
lRANSCONDUCTANC.[ :1000 MICAOMHO$ 

C> 
~2.~1f---+---+--f--+--+--f--+--+---'f---I 
..J 

~ 



ELECTRON TUBE ApPLICATIONS 

When cathode-resistor 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 val
ues of plate resistor and grid resistor 
for tube types used in resistance-coupled 
circuits, and the values of gain obtain
able, are shown in the Resistance
Coupled Amplifier section. 

The input impedance of an elec
tron tube (that is, the impedance be
tween 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. These components are de
pendent on the frequency of the in
coming 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 AB, trans
former-coupled audio amplifier, there
fore, 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 trans
former can be made very high because 
the choice is not limited by the input 
impedance of the tube; however, trans
former 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 appreciable lead reactance. This 
impedance drops very rapidly as the 
frequency is raised, and increases input
circuit loading. In fact, the input im
pedance may become low enough at 
very high radio frequencies to affect 
the gain and selectivity of a preceding 
stage appreciably. Tubes such as the 
"acorn" and "pencil" types and the 
high-frequency miniatures have been 
developed to have low input capac
itances, low electron-transit time, and 
low lead inductance so that their input 
impedance is high even at the ultra-
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high radio frequencies. laput ad
mittance 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-modu
lation in radio-frequency stages. Cross
modulation is the effect produced in a 
radio or television receiver by an in
terfering 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 distor
tion in the output. This effect is pro
duced by a radio-frequency amplifier 
stage operating on an excessively curved 
characteristic when the grid bias has 
been increased to reduce volume. The 
offending stage for cross-modulation is 
usually the first radio-frequency am
plifier, while for modulation-distortion 
the cause is usually the last interme
diate-frequency stage. The character
istics 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. 37 illustrates the construction 
of the grid No. I (control grid) in a 
remote-cutoff tube. The remote-cutoff 

SUPPRESSOR GRIO SCREEN 
GRID GRID 

Fig. 37-S/l"lIc/llre of remote-cil/off grid. 

action is due to the structure of the grid 
which provides a variation in amplifica
tion 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 weak signals and 
low grid bias are applied to the tube, 
the effect of the non-uniform turn spac
ing of the grid on cathode emission and 
tube characteristics is essentially the 
~ame as for uniform spacing. As the 
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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 action changes 
the gain of the tube so that large 
signals may be handled with minimum 
distortion due to cross-modulation and 
modula tion-distortion. 

Fig. 38 shows a typical plate-cur
rent vs. grid-voltage curve for a remote
cutoff type compared with the curve 

Fig. 38-Plate-current curves for triodes 
having remote-cutoff and uniformly spaced 

grids. 

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 re
mote-cutoff tube drops quite slowly 
with large values of bias voltage. This 
slow change makes it possible for the 
tube to handle large signals satisfac
torily. Because remote-cutoff types can 
accommodate large and small signals, 
they are particularly suitable for use 
in sets having automatic volume con
trol. Remote-cutoff tubes also are 
known as variable-mu types. 

Class A Power Amplifiers 
As a class A power amplifier, an 

electron tube is used in the output stage 
of a radio or television receiver to sup
ply a relatively large amount of power 
to the loudspeaker. For this applica
tion, large power output is of more 
importance than high voltage amplifica
tion; therefore, gain possibilities are 
sacrificed in the design of power tubes 
to obtain power-handling capability. 

Triodes, pentodes, and beam power 
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tubes designed for power amplifier serv
ice 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 dis
tortion. Power tubes of the pentode 
type are characterized by high power 
sensitivity, high plate-power efficiency 
and, usually, somewhat higher distor
tion than class A triodes. Beam power 
tubes have higher power sensitivity and 
efficiency than triode or conventional 
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 be
cause of the lower plate impedance 
of the triode. 

Power tubes connected in either 
paraUel or push·pull may be employed 
as class A amplifiers to obtain increased 
output. The parallel connection (Fig. 
39) 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 
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Fig. 39-Power amplifier with tubes 
connected in parallel. 

resistance and the load resistance re
quired are halved as compared with 
single-tube values. 

The push-pull connection (Fig. 40), 
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 eliminated or 
decidedly reduced through cancellation. 
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Because distortion for push-pull opera
tion is less than for single-tube opera
tion, appreciably more than twice 
single-tube output can be obtained with 
triodes by decreasing the load resist
ance for the stage to a value approach
ing the load resistance for a single tube. 

For either parallel or push-pull 
class A operation of two tubes, all elec
trode currents are doubled while all dc 
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. 

8+ •• AC HEATER $.IPf'IJ' 

Fig. 40-Power amplifier with tubes 
connected in push-pull. 

If oscillations occur with either type of 
connection, they can often be elimi
nated by the use of a non-inductive 
resistor of approximately 100 ohms 
connected in series with each grid at 
the socket terminal. 

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. 

Power-Output Calculations 
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 
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without serious error from the plate 
family of curves by assuming a resist
ance 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. 41 for given conditions. The pro
cedure is as follows: 

(1) Locate the zero-signal bias 
point P by determining the zero-signal 
bias Eco from the formula: 

Zero-signal bias (Ee.) = -(0.68 X Eb)/JL 

where Eb is the chosen value in volts of 
dc plate voltage at which the tube is to 
be operated, and I" is the amplification 
factor of the tube. This quantity is 
shown as negative to indicate that a 
negative bias is used. 

(2) Locate the value of zero-signal 
plate current, 10, corresponding to 
point P. 

(3) Locate the point 210 , which is 
twice the value of 10 and corresponds to 
the value of the maximum-signal plate 
current Imax. 

(4) Locate the point X on the dc 
bias curve at zero volts, Ee = 0, corre
sponding to the value of Im •x• 

(5) Draw a straight line XY 
through X and P. 

Line XY is known as the load re
sistance line. Its slope corresponds to 
the value of the load resistance. The 
load resistance in ohms is equal to 
(Emu - Em'.) divided by (Imax - 1m ,.), 

where E is in volts and I is in amperes. 
It should be noted that in the case 

of filament types of tubes, the calcula
tions are given on the basis of a dc
operated filament. When the filament is 
ac-operated, the calculated value of dc 

250 
PLATE: VOLTS 

Fig. 41-Graphic calculations for class A amplifier IIsing a· power triode. 
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bias should be increased by approxi
mately one-half the . filament voltage 
rating of the tube. 

The value of zero-signal plate cur
rent I. should be used to determine the 
plate dissipation, an important factor 
influencing tube life. In a class A am
plifier under zero-signal conditions, the 
plate dissipation is equal to the power 
input, i.e., the product of the dc plate 
voltage E. and the zero-signal dc plate 
current I •. 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 ex
ceed the rating before proceeding fur
ther 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 (Ee = 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 Emax and 
Imln; during the positive swing, they 
reach values of E mln and Imax. Because 
power is the product of voltage and 
current,1he power output P. as shown 
by a watt-meter is given by 

P _ (Imax-Imln) X (Emax-Emln) 
• - 8 

where E is in volts, I is in amperes, 
and P. is in watts. 

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

Imax + Imln I 
. 2 • 

% distortion = Imax _ 1m In X 100 

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

Example: Determine the load re
sistance, power output, and distortion 
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of a triode having an amplification fac
tor of 4.2, a plate-dissipation rating of 
15 watts, and plate-characteristics curves 
as shown in Fig. 41. Th') tube is to be 
operated at 250 volts on the plate. 

Procedure: For a first approxima
tion, 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 
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 then -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 then be determined. 
Point X is at the intersection of the dc 
bias curve at zero volts with Imax, where 
Imax = 21. = 2 X 0.06 = 0.12 ampere. 
Line:XV is drawn through points P and 
X. Emax, Emln, and Iml• are then found 
from the curves. When these values 
are substituted in the power-output for
mula, the following result is obtained: 

P _ (0.12 - 0.012) X (365 -lOS) - 3 52 tts 
.- 8 -. wa 

The resistance represented by load 
line :xv is 

(365 -105) 
(0.12 _ 0.012) = 2410 ohms 

When the values from the curves 
are substituted in the distortion for
mula, the following result is obtained: 

0.12 + 0.012 _ 0.06 
2 

% distortion = 0.12 0.012 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-har
monic distortion generally does not ex
ceed 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 
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of 2500 ohms will provide a distortion 
of about 4.9 per cent. The power out
put is reduced only slightly to 3.5 watts. 

Operating conditions for triodes in 
push-pull depend on the type of opera
tion 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 re
quired to produce plate-current cutoff 
at a plate voltage of 1.4Eo, where Eo is 
the operating plate voltage. Higher bias 
than this value requires higher grid
signal voltage and results in class ABl 
operation, which is discussed later. 

The method for calculating maxi
mum power output for triodes in push
pull class A operation is as follows: 
Erect a vertical line at 0.6 Eo (see Fig. 
42), intersecting the E. ;= 0 curve at the 
point 1m... Then, Im•x is determined 
from the curve for use in the formula 

Po = (Imn X Eo)/5 

If 1m .. is expressed in amperes and Eo 
in volts, power output is in watts. 
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Example: Assume that the plate 
voltage (Eo) 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 voltage of 1.4 X 300 
= 420 volts. (Since cutoff bias is ap
proximately -115 volts at a plate volt
age 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, there
fore, the plate dissipation is 0.054 X 
300 or 16.2 watts. Since -57.5 volts 
is the limit of bias for class A opera
tion of these tubes at a plate voltage 
of 300 volts, the dissipation cannot be 
reduced by increasing the bias and it 
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 out
put, erect a vertical line at 0.6Eo = 150 

Fig. 42-Graphic calculations for push-pull class A amplifier using a power triode. 
The method for determining the volts. The intersection of the line with 

proper load resistance for triodes in the curve E. = 0 is Imax or 0.2 ampere. 
push-pull is as follows: Draw a load line When this value is substituted in the 
through Imax on the zero-bias curve and power formula, the power output is 
through the Eo point on the zero-current (0.2 X 250)15 = 10 watts. The load 
axis. Four times the resistance repre- resistance is determined from the load 
sented by this load line is the plate-to- formula: Plate-to-plate load (Rpp) = 4 
plate load (Rpp) for two triodes in a X (250 - 150)/0.2 = 2000 ohms. 
class A push-pull amplifier. Expressed Power output for a pentode or a 
as a formula, beam power tube as a class A amplifier 

Rpp = 4 X (Eo - O.6Eo)/Imas 
can be calculated in much the same 
way as for triodes. Calculations can be 

where Eo is expressed in volts, Imn in made graphically from a special plate 
amperes, and Rpp in ohms. family of curves, as shown in Fig. 43. 
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Fig. 43-Graphic calculations for class A amplifier using a pentode or beam power tube. 

From a point A at or just below 
the knee of the zero-bias curve, draw 
arbitrarily selected load lines to inter
sect 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, Eo, and one-half the 
maximum-signal plate current. Along 
any load line, say AA" measure the 
distance AOlo On the same line, lay 
off an equal distance, O,A,. For opti
mum operation, the change in bias from 
A to 0 , should be nearly equal to the 
change in bias from 0 , 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 se
lected, its resistance may be determined 
by the following formula: 

Load resistance (RL) = ~max - ;-m In 
max - min 

The value of RL may then be sub
stituted in the following formula for 
calculating power output. 

P _ [1m.,. - Imln + 1.41 (Ix - 1,.)]2 RL 
0_ 32 

In both of these formulas, I is in 
amperes, E is in volts, RL is in ohms, 
and Po is in watts. Ix and IT are the cur
rent values on the load line at bias volt
ages of ECl = V - 0.707V = 0.293V 
and Eel = V + 0.707V =1.707V, re
spectively. 

Calculations for distortion may be 
made by means of the following formu-

las. The terms used have already been 
defined. 

% 2nd-harmonic distortion = 
Im.,.I:":m;nI~I;.';;~I:_IT) X 100 

% 3rd-harmonic distortion = 
1m .. - Imln -1.41 (Is -Iy) X 100 
1m.,. - Imln + 1.41 (Is - Iy) 

% total (2nd and 3rd) harmonic distortion = 
\/(% 2nd)" + (% 3rd)" 

Conversion Factors 

Operating conditions for voltage 
values other than those shown in the 
published data can be obtained by use 
of the nomograph shown in Fig. 44 
when all electrode voltages are changed 
simultaneously in the same ratio. The 
nomograph includes conversion factors 
for current (FI), power output (F.). 
plate resistance or load resistance (Fr ), 

and transconductance (Fgm) for voltage 
ratios between 0.5 and 2.0. These fac
tors are expressed as functions of the 
ratio between the desired or new volt
age for any electrode (Ed •• ) and the 
published or original value of that volt
age (E,ub). The relations shown are ap
plicable to triodes and multigrid tubes 
in all classes of service. 

To use the nomograph, simply 
place a straight-edge across the page so 
that it intersects the scales for Ed •• and 
Epub at the desired values. The desired 
conversion factor may then be read 
directly or estimated at the point where 
the straight-edge intersects the Flo F. 
F r , or F.m scale. 
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For example, suppose it is desired 
to operate two 6L6GC's in class Al 
push-pull, fixed bias, with a plate volt
age of 200 volts. The nearest published 
operating conditions for this class of 
service are for a plate voltage of 250 
volts. The operating conditions for the 
new plate voltage can be determined 
as follows: 

The voltage conversion factor, Fe, 
is equal to 200/250 or 0.8. The dashed 
lines on the nomograph of Fig. 44 indi
cate that for this voltage ratio F I is 
approximately 0.72, Fp is approximately 
0.57, Fr is 1.12, and Fam is approxi
mately 0.892. These factors may be 
applied directly to operating values 
shown in the tube data, or to values 
calculated by the methods described 
previously. 

Because this method for conversion 
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of characteristics is necessarily an ap
proximation, the accuracy of the nomo
graph decreases progressively as the 
ratio Ede./.E,.nb departs from unity. In 
general, results are substantially correct 
when the value of the ratio & •• /.E,.nb is 
between 0.7 and 1.5. Beyond these lim
its, the accuracy decreases rapidly, and 
the results obtained must be considered 
rough approximations. 

The nomograph does not take into 
consideration the effects of contact po
tential or secondary emission in tubes. 
Because contact-potential effects be
come noticeable only at very small dc 
grid-No. 1 (bias) voltages, they are 
generally negligible in power tubes. 
Secondary emission may occur in con
ventional tetrodes, however, if the plate 
voltage swings below the grid-No. 2 
voltage. Consequently, the conversion 

Fr Fgm Ed •• Epub Ed ... Fi Fp 

0.70 1.44 
6.0 

1.40 20 10 20 2.1 &.& 
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1.6 0 7 7 .. 2.0:; .. .. & 1.& 
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Fig. 44-Nomograph of tube cOflversion factors. 
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factors shown in the nomograph apply 
to such tubes only when the plate volt
age is greater than the grid-No.2 volt
age. Because secondary emission may 
also occur in certain beam power tubes 
at very low values of plate current and 
plate voltage, the conversion factors 
shown in the nomograph do not apply 
when these tubes are operated under 
such conditions. 

Class AB Power Amplifiers 
A class AB power amplifier em

ploys 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
grid voltages can usually be made 
higher than for class A amplifiers be
cause the increased negative bias holds 
plate current within the limit of the 
tube plate-dissipation rating. As a result 
of these higher voltages, more power 
output can be obtained from class AB 
operation. 

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. 

I' 
0.4 

\ Ef=2.5 VOLTS DC , , , , 
1/1 , 
... , 
i!l 0.26 ---- .... ---.. , 
2 , 1 
: 0.2 I!!oA!. ____ \ -t 
t-
<0.165 -----
i 
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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 trans
former is the total driving power re
quired by the grid circuit. The driver 
stage should be capable of a power 
output considerably larger than this re
quired power in order that distortion 
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 
have good regulation. Otherwise the 
fluctuations in plate current cause fluc
tuations in the voltage output of the 
power supply, with the result that power 
output is decreased and distortion is in
creased. To obtain satisfactory regula
tion, it is usually advisable to use a 
low-drop rectifier, such as the 5V4GA, 
with a choke-input filter. In all cases, 
the resistance of the choke and trans
formers should be as· low as possible. 

Class AB, Power Amplifiers 
In class AD. push-pull amplifier 

service using triodes, the operating 
conditions may be determined graphi
cally by means of the plate family if 
E., the desired 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. 45. Its position is not 
affected by the operating grid bias pro
vided the plate-to-plate load resistance 
remains constant. 

Under these conditions, grid bias 
has no appreciable effect on the power 

o 

Fig. 45-Graphic calculations for class AB, amplifier Fig. 46-InstantaneollS curve 
/Ising a power triode. for class AB, amplifier. 
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output. Grid bias cannot be neglected, 
however, since it is used to find the 
zero-signal plate current and, from it, 
the zero-signal plate dissipation. Be
cause 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 be
ing drawn and, therefore, higher power 
output is obtained. 

In general, for any load line 
through point D, Fig. 45, the plate-to
plate load resistance in ohms of a push
pull amplifier is Rpp = 4Eo/I', where 
[' is the plate-current value in am
peres at which the load line as pro
jected intersects the plate-current axis, 
and Eo is in volts. This formula is an
other form of the one given under push
pull class A amplifiers, Rpp = 4(Eo -
0.6Eo)/lm .. , but is more general. Power 
output = (I .... /y'2)' X Rpp/4, where 
Imax is the peak plate current at zero 
grid volts for the load chosen. This 
formula simplified is (1m .. )' X Rpp/S. 
The maximum-signal average plate cur
rent is 2Imax/7r or 0.636 I .... ; the maxi
mum-signal average power input is 
0.636 I .... X Eo. 

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

Po (for two tubes) = (Imox X Eo)/5 
Rpp = 1.6Eo/lmax 

where Eo is in volts, 1m .. is in amperes, 
R.p is in ohms, and Po is in watts. 

It may be found during subsequent 
calculations that the distortion or the 
plate dissipation is excessive for this ap
proximation; in that case, a different 
load resistance must be selected, using 
the first approximation as a guide, and 
the process repeated to obtain satisfac
tory operating conditions. 

Example: Fig. 45 illustrates the 
application of this method to a pair of 
power triodes operated at Eo = 300 
volts. Each tube has a plate-dissipation 
rating of 15 watts. The method is to 

erect a vertical line at 0.6Eo, or at ISO 
volts, which intersects the Ee = 0 curve 
at the point Imax = 0.26 ampere. Using 
the simplified formulas, the following 
values are obtained: 

Rpp = (1.6 X 300)/0.26 = 1845 ohms 
Po = (0.26 X 300)/5 = 15.6 watts 

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.S watts, the average input to the 
two tubes. From this value, subtract 
the power output of 15.6 watts to ob
tain the total dissipation for both tubes, 
which is 34.2 watts. Half of this value, 
17 watts, is in excess of the IS-watt 
rating of the tube and it is necessary, 
therefore, to assume another and higher 
load resistance so that the plate-dissipa
tion rating will not be exceeded. 

It will be found that at an operat
ing plate voltage of 300 volts the tubes 
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 l' = 
0.4 ampere on the plate-current ordi
nate to the point Eo = 300 volts on 
the plate-voltage abscissa. At the inter
section of the load line with the zero
bias curve, the peak plate current, 1m ... 
can be read at 0.2 ampere. Then 

Po = (Imas/ v'2)2 X R.,./4 
= (0.2/1.41)' X 3000/4 
= 15 watts 

Proceeding as in the first approxima
tion, it is found that the maximum
signal average plate current, 0.6361 ..... 
is 0.127 ampere, and the maximum
signal average power input is 3S.1 watts. 
This input minus the power output is 
3S.1 - 15 = 23.1 watts. This value 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 then be found 
by use of a curve which is derived from 
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the plate family and the load line. Fig. 
46 is a curve of instantaneous values of 
plate current and dc grid-bias voltages 
taken from Fig. 45. Values of grid bias 
are read from each of the grid-bias 
curves of Fig. 45 along the load line 
and are transferred to Fig. 46 to pro
duce 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 operat
ing point for each tube atP. The plate 
current must be doubled, of course, to 
obtain the zero-signal plate current for 
both tubes. Under maximum-signal con
ditions, 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 of sig
nal 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 dis
tortion in a class AB. amplifier using 
triodes is very small and is largely can
celed by virtue of the push-pull con
nection. Third-harmonic distortion, 
however, which may be larger than 
permissible, can be found by means of 
composite characteristic curves. A com
plete family of curves can 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. 
45). These two points are obtained from 
deviations above and below the operat
ing grid and plate voltages. 

In order to find the curve for a 
bias of -30 volts, a deviation of 30 
volts from the operating grid voltage 
of -60 volts is assumed. Next assume 
a deviation from the operating plate 
voltage of, say, 40 volts. Then at 300 
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-40 = 260 volts, erect a vertical line 
to intersect the (-60) - (-30) = -30-
volt bias curve and read the plate cur
rent 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 dif
ference 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 
composite curve is found by assuming 
the same grid-bias deviation but a 
larger plate-voltage deviation, say, 100 
volts. 

These steps provide points at 260 
volts and 0.165 ampere (E), and at 200 
volts and 0.045 ampere (P). A straight 
line through these points is the com
posite curve for a bias of -30 volts, 
shown as a long-short dash line in Fig. 
45. At the intersection of the composite 
curve and the load line, G, the instan
taneous composite plate current at· the 
point of one-half the peak signal swing 
is determined. This current value, desig
nated 10 .• and the peak plate current, 
Imn. are used in the following formula 
to find the peak value of the third
harmonic component of plate current. 

lho = (210 .• - Imaz) /3 

In the example. where 10 •• is 0.097 am
pere and Imax is 0.2 ampere, I.. = 
(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 com
ponents of the plate current is such as 
to result in a slightly peaked wave form. 
I.. 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 X (Imaz + 10 .• ) 

In the example. Ihl = 2/3 X (0.2 + 
0.097) = 0.198 ampere. Thus. the per
centage of third-harmonic distortion is 
(hallhl) X 100 = (0.00210.198) X 100 = 1 per cent approx. 
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Class AB. Power Amplifiers 
A class AB. amplifier employs two 

tubes connected in push-pull as in the 
case of class AB, amplifiers. It differs 
in that it is biased so that plate cur
rent flows for somewhat more than half 
the electrical cycle but less than the 
full cycle, the peak signal voltage is 
greater than the dc bias voltage, grid 
current is drawn, and, consequently, 
power is consumed in the grid circuit. 
These conditions permit high power out
put to be obtained without excessive 
plate dissipation. 

The sum of the power used in the 
grid circuit and the losses in the input 
transformer is the total driving power 
required by the grid circuit. The driver 
stage should be capable of a power out
put considerably larger than this re
quired 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 driv
ing power; a satisfactory set of operat
ing conditions involves a series of 
approximations. The load resistance and 
signal swing are limited by the per
missible 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 unnecessarily high. 

Class B Power Amplifiers 
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 advantage as class AB., i.e., 
large power output can be obtained 
without excessive plate dissipation. 
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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 certain triodes used as 
class B amplifiers are designed to op
erate very close to zero bias, the grid 
of each tube is at a positive potential 
during all or most of the positive half
cycle of its signal swing. In this type of 
triode operation, considerable grid cur
rent is drawn and there is a loss of 
power in the grid circuit. This condi
tion imposes the same requirement in 
the driver stage as in a class AB. stage; 
i.e., the driver should be capable of de
livering considerably more power out
put than the power required for the 
grid circuit of the class B amplifier so 
that distortion will be low. Similarly, 
the interstage transformer between the 
driver and the class B stage usually has 
a step-down turns ratio. Because of the 
high dissipations involved in class B 
operation at zero bias, it is not feasible 
to use tetrodes or pentodes in this type 
of class B operation. 

Determination of load resistance, 
plate dissipation, power output, and dis
tortion 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 amplifica
tion factor. With a high amplification 
factor, plate current is small even when 
the grid bias is zero. These tubes, there
fore, 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. 

Cathode-Drive Circuits 
The preceding text has discussed 

the use of tubes in the conventional 
grid-drive type of amplifier-'-that is, 
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where the cathode is common to both 
the input and output circuits. Tubes 
may also be employed as amplifiers in 
circuit arrangements 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 cath
ode-follower circuit, which will be dis
cussed later in connection with inverse 
feedback. 

A typical cathode-drive circuit is 
shown in Fig. 47. The load is placed in 
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Fig. 47-Cathode-drive circuit. 

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 par
ticularly useful for vhf and uhf applica
tions, in which it is necessary to obtain 
the low-noise performance usually asso
ciated with a triode, but where a con
ventional 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 ofa cathode
drive circuit is approximately equal to 
1/ gm when the load resistance is small 
compared to the rp of the tube. A cer
tain amount of power is required, there
fore, 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 con
nection usually outweigh this disad
vantage. 
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Inverse Feedback 
An inverse-feedback circuit, some· 

times called a degenerative circuit, is 
one in which a portion of the output 
voltage of a tube is applied to the i'p
put of the same or a preceding tube 10 

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 cir
cuit 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 feed
back 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 impedance 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 varia
tion in plate load impedance can, if not 
corrected, produce considerable fre
quency distortion. Such frequency dis
tortion can be reduced by means of 
inverse feedback. Inverse-feedback cir
cuits are of the constant-voltage type 
and the constant-eulTent type. 

The application of the constant
voltage type of inverse feedback to a 
power-output stage using a single beam 
power tube is illustrated in Fig. 48. In 
this circuit, R" Ro, and C are connected 
as a voltage divider across the output of 
the tube. The secondary winding of the 
grid-input transformer is returned to a 
point on this voltage divider. Capacitor 

IN~II 51~ 
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Fig. 48-Power-output stage using COlis/alii 
voltage inverse feedback. 
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C blocks the dc plate voltage from the 
grid. However, a portion of the tube 
af output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R,/(R1 + R,), is applied to the 
grid. This voltage reduces the source im
pedance of the circuit and a decrease in 
distortion results which is explained in 
the curves of Fig. 49. 

e,~ 
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nent of plate current i'. I. It is evident 
that the irregularity of the waveform of 
this component of plate current would 
act to cancel the original irregularity 
and thus reduce distortion. 

After inverse feedback has been ap
plied, the relations are as shown in the 
curve for i •. The dotted curve shown by 
i'., is the component of plate current 

., ~ 
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Fig. 49-Voltage and current waveforms showing effect of inverse feedback. 

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' p has 
an irregularity 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 bye', •. 
The plate-voltage waveform is inverted 
compared to the plate-current wave
form 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 voltage; thus, 
when plate current goes up, plate volt
age 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 wave
form and phase as the plate voltage, but 
is smaller in magnitude. Hence, with a 
plate voltage of waveform shown by 
e'., the feedback voltage appearing on 
the grid is as shown bye' gl. This voltage 
applied to the grid produces a compo-

due to the feedback voltage on the grid. 
The dotted curve shown by i' p 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'. is the plate 
current that would flow without inverse 
feedback, it can be seen that the appli
cation 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 dis
tortion. 

From the curve for i~, it can be 
seen that, besides reducing distortion, 
inverse feedback also reduces the ampli
tude of the output current. Conse
quently, when inverse feedback is 
applied to an amplifier there is a de
crease 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 ap
plied to resistance-coupled stages, as 
shown in Fig. 50. The circuit is conven
tional except that a feedback resistor, 

II[]~ 
C- B,C+ B+ 

Fig. 50---Resistance-coupled stages IIsi"g 
feedback resiStor. 

Ra, is connected between the plates of 
tubes T. and T •. The output signal volt
age of T. and a portion of the output 
signal voltage of T. appear across Ro. 
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 com
paratively low. With sufficient inverse 
feedback of the constant-voltage type 
in a power-output stage, it is not neces
sary to employ a network of resistance 
and capacitance in the output circuit to 
reduce response at high audio frequen
cies. Inverse-feedback circuits caq also 
be applied to push-pull class A and class 
AB. amplifiers. 

Coustant-current inverse feedback 
is usually obtained by omitting the by
pass capacitor across a cathode resistor. 
This method decreases the gain and the 
distortion but increases the source im
pedance of the circuit. Consequently, 
the output voltage rises at the resonant 
frequency of the loudspeaker and ac
centuates hangover effects. 

Inverse feedback is not generally 
applied to a triode power amplifier be
cause the variation in speaker imped
ance with frequency does not produce 
much distortion in a triode stage hav
ing 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 
amplifier, the driving voltage must be 
increased in order to provide full power 
output. When inverse feedback is used 
with a pentode, the total driving voltage 
required for full power output may be 
jnconveniently large, although still less 
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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 

.A efficiency and high power output of 
beam power tubes can be combined with 
freedom from the effects of varying 
speaker impedance. 

Cathode-Follower Circuits 

Another important application of 
inverse feedback is in the cathode-fol
lower circuit, an example of which is 
shown in Fig. 51. In this application, the 
load has been transferred from the plate 
circuit to the ~athode circuit of the tube. 
The input voltage is applied between 
the grid and ground, and the output 
voltage is obtained between the cathode 
and ground. The voltage amplification 
(V.A.) of this circuit is always less than 
unity and may be expressed by the fol
lowing convenient formulas. 
For a triode: 

p.XRL 
V.A. = £p + [RL X (II. + 1)1 

For a pentode: 
gm X RL 

V. A. = 1 + (gm X RL) 
In these formulas, p. is the amplifi

cation factor, RL is the load resistance 
in ohms, rp is the plate resistance iIi 
ohms, and goo is the transconductance 
in mhos. 

The use of the cathode follower 
permits the design of circuits which 
have high input resistance and high out
put voltage. The output impedance is 

INPUT 
SIGNAL 

OUTPUT 
VOLTAGE 

1 
Fig. 51-Cathode-follower circllit. 

quite low and very low distortion may 
be obtained. Cathode-follower circuits 
may be used for power amplifiers or as 
impedance transformers designed either 
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to match a transmission line or to pro
duce a relatively high output voltage at 
a low impedance level. 

In a power amplifier which is trans
former coupled to the load, the same 
output power can be obtained from the 
tube as would be obtained in a conven
tional grid-drive type of amplifier. The 
output impedance is very low and pro
vides excellent damping to the load, 
with the result that very low distortion 
can be obtained. The peak-to-peak sig
nal voltage, however, approaches I1h 
times the plate supply voltage if maxi
mum power output is required from the 
tube. Some problems may be encoun
tered, therefore, in the design of an 
adequate driver stage for a cathode
follower output system. 

When a 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 decrease the out
put 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 
extremely high input resistance and low 
input capacitance as might be required 
in the probe of an oscilloscope or 
vacuum-tube voltmeter. Such circuits 
can be designed to provide effective 
impedance transformation with no sig
nificant loss of voltage. 

Selection of a suitable tube and its 
operating conditions for use in a cath
ode-follower circuit having a specified 
output impedance (Zo) can be made, in 
most practical cases, by the use of the 
following formula to determine the ap
proximate value of the required tube 
transconductance. 

R . d ( h) 1,000,000 
eqUlre gm /Lm os = Zo (ohms) 

Once the required transconductance 
is obtained, a suitable tube and its oper
ating conditions may be determined 
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from the technical data given in the 
Technical Data section. The tube se
lected should have a value of transcon
ductance slightly lower than that 
obtained from the above expression to 
allow for the shunting effect of the cath
ode load resistance. The conversion 
nomograph given in Fig. 44 may be 
used for calculation of operating condi
tions for values of transconductance not 
included in the tabulated data. After 
the operating conditions have been de
termined, the approximate value of the 
required cathode load resistance may be 
calculated from the following formulas. 
For a triode: 

Zo X r. 
Cathode Rr. = r. _ [Zo x (1 + IL)] 

For a pentode: 

Cathode Rr. = 1 _ (:~ X Zo) 

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

If the value of the cathode load re
sistance calculated to provide the re
quired output impedance does not 
provide the required operating bias, the 
basic cathode-follower circuit can be 
modified in a number of ways. Two of 
the more common modifications are 
shown in Figs. 52 and 53. 

In Fig. 52 the bias is increased by 
adding a bypassed resistance between 

Fig. 52-Cathode-follower circuit modified 
for increased bias. 

the cathode and the unbypassed load 
resistance and returning the grid to the 
low end of the load resistance. In Fig. 
53 the bias is reduced by adding a by
passed resistance between the cathode 
and the unbypassed load resistance but, 
in this case, the grid is returned to the 
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junction of the two cathode resistors 
so that the bias voltage is only the dc 
voltage drop across the added resistance 
The size of the bypass capacitor should 
be large enough so that it has 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. 

Fig. 53-Cathode-Tollower circuit modified 
for reduced bias. 

Example: Select a suitable tube 
and determine the operating conditions 
and' circuit components for a cathode
follower circuit having an output im
pedance that will match a 500-ohm 
transmission line. 

Procedure: First, determine the ap-
proximate transconductance required. 

R . d 1,000,000 2000 h eqUire gm = soo- = ILm os 

A survey of the tubes that have a 
transconductance in this order of mag
nitude shows that type 12AX7 A 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 2)0 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 am
pere. When these values are used in the 
expression for determining the cathode 
load resistance, the following result is 
obtained: 

500 X 62500 
Cathode Rr, 625OO-500X(100+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 
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the required bias voltage is only -2 
volts, the circuit arrangement given in 
Fig. 53 is employed. The bias is fur
nished by a resistance that will have a 
voltage drop of 2 volts when it carries 
a current of 0.0012 ampere. The re
quired bias resistance, therefore, is 
2/0.0012 = 1670 ohms. If 60 Hz 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. 

Because 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 resist
ance which will also provide the re
quired bias. If the triode section of twin 
diode-high-mu triode 6AT6 is operated' 
under the conditions given in the tech
nical 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 RL = 
500 X 54000 

54000 - 500 X (70 + 1) = 1460 ohms 

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 addition bias resistance will 
be required and the grid may be re
turned 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 
(V.A.) for the cathode-follower circuit 
utilizing the triode section of type 
6AT6 is 

70 X 1460 
V.A. 54000 + 1460 X (70 + 1) = 0.65 

For applications in which the cath
ode follower is used to isolate two cir
cuits-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 
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and not impedance matching is the pri
mary consideration. In such applica
tions 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. 53 should be used. With a 
high value of cathode resistance, the 
voltage amplification will approximate 
unity. 

Corrective Filters 
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 feed
back is not applicable. The filter consists 
of a resistor and a capacitor connected 
in series across the primary of the out
put transformer. Connected in this way, 
the filter is in parallel with the plate 
load impedance reflected from the voice
coil by the output transformer. The 
magnitude of this reflected impedance 
increases with increasing frequency in 
the middle and upper audio range. The 
impedance of the filter, however, de
creases with increasing frequency. It 
follows that, by use of the proper values 
for the resistance and the capacitance 
in the filter, the effective load impedance 
on the output tubes can be made prac
tically constant for all frequencies in 
the middle and upper audio range. The 
result is an improvement in the fre
quency 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 re
sistance; 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 volt
age gain of the output stage at a fre
quency of 1000 Hz or higher is equal 
to the voltage gain at 400 Hz. 
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A method of determining the 
proper value of capacitance for the fil
ter is to make two measurements of the 
output voltage across the primary of 
the output transformer: first, when a 
400-Hz signal is applied to the input, 
and second, when a 1000-Hz signal 
of the same voltage as the 400-Hz 
signal is applied to the input. The cor
rect value of capacitance 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. 

Phonograph and Tape Preamplifiers 

The frequency range and dynamic 
range* which can be recorded on a 
phonograph record or on magnetic tape 
depend on several factors, including the 
composition, mechanical characteristics, 
and speed of the record or tape, and 
the electrical and mechanical character
istics of the recording equipment. To 
achieve wide frequency and dynamic 
ranges, manufacturers of commercial 
recordings use equipment which intro
duces a nonuniform relationship be
tween amplitude and frequency. This 
relationship is known as a "recording 
characteristic." To assure proper re
production of a high-fidelity recording, 
therefore, some part of the reproducing 
system must have a frequency-response 
characteristic which is the inverse of 
the recording characteristic. Most manu
facturers of high-fidelity recordings use 
the RIAA characteristic for discs and 
the NARTB characteristic for mag
netic tape. 

The simplest type of equalization 
nt:twork is shown in Fig. 54. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low fre
quencies must be passed through the 
resistor R and are attenuated. The ca
pacitor has a lower reactance at high 

Fig. 54-Simple RC frequency-compensation nellVork . 
• The dynamic range of ·an amplifier is a measure of its signal-handling capability. The 

dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value .of '70· dB is exceptional for any audio system. 
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frequencies, however, and bypasses 
high-frequency components around R so 
that they receive negligible attenuation. 
Thus the network effectively "boosts" 
the high frequencies. This type of equal
ization is called "attenuative." 

Some typical preamplifier stages 
are shown in the Circuits section. The 
location of the frequency-compensating 
network or "equalizer" in the repro
ducing system will depend on the types 
of recordings which are to be repro
duced and on the pickup devices used. 

A ceramic high-fidelity phonograph 
pickup is usually designed to provide 
proper compensation for the RIAA re
cording characteristic when the pickup 
is operated into the load resistance spec
ified by its manufacturer. Because this 
type of pickup also has relatively high 
output (0.5 to 1.5 volts), it does not 
require the use of either an equalizer 
network or a preamplifier, and can be 
connected directly to the input of a 
tone-control amplifier and/or power 
amplifier. 

A magnetic high-fidelity phono
graph pickup, on the other hand, usually 
has an essentially flat frequency-re
sponse character:istic and very low out
put (1 to 10 millivolts). Because a 
pickup of this type merely reproduces 
the recording characteristic, it must be 
followed by an equalizer network, as 
well as by a preamplifier having suf
ficient voltage gain to provide the input 
voltage required by the tone-control 
amplifier and/or power amplifier. Many 
designs include both the equalizing and 
amplifying circuits in a single unit. 

A high-fidelity magnetic-tape pick
up head, like a magnetic phonograph 
pickup, reproduces the recording char
acteristic and has an output of only a 
few millivolts. This type of pickup de
vice, therefore, must also be followed 
by an equalizing network and pream
plifier, or by a preamplifier which pro
vides "built-in" equalization for the 
NARTB characteristic. 
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Feedback networks . may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a portion 
of the output signal to the input circuit 
of an amplifier. The feedback signal 
may be returned in phase with the input 
signal (positive or regeuerative feed
back) or 180 degrees out of phase with 
the input signal (negative, inverse, or 
degenerative feedback). In either case, 
the feedback can be made proportional 
to either the output voltage or the out
put current, and can be applied to either 
the input voltage or the input current. 
A negative feedback signal proportional 
to the output current raises the output 
impedance of the amplifier; negative 
feedback proportional to the output 
voltage reduces (he output impedance. 
A negative feedback signal applied to 
the input current decreases the input 
impedance; negative feedback applied 
to the input voltage increases the input 
impedance. Opposite effects are pro
duced by positive feedback. 

A simple negative or inverse feed
frequency boost is shown in Fig. 55. 
back network which provides high
This network provides equalization 
comparable to that obtained with Fig. 
54, but is more suitable for low-level 
amplifier stages because it does not re
quire the first amplifier stage to provide 
high-level low frequencies. In addition, 
the inverse feedback improves the dis
tortion characteristics of the amplifier. 

Some preamplifier or low-level 
audio amplifier circuits include variable 
resistors or potentiometers which func
tion as volume or tone controls. Such 
circuits should be designed to minimize 
the flow of dc currents through these 
controls so that little or no noise will 
be developed by the movable contact 
during the life of the circuit. Volume 
controls and their associated circuits 
should permit variation of gain from 
zero to maximum, and should attenuate 
all frequencies equally for all positions 

Fig. 55-Negative-Ieedback frequency-compensation network. 
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of the variable arm of the control. Sev
eral examples of volume controls and 
tone controls are shown in the Circuits 
section. 

Tone Controls 

A tone control is a variable filter 
(or one in which at least one element is 
adjustable) by means of which the user 
may vary the frequency response of an 
amplifier to suit his own taste. In radio 
receivers and home amplifiers, the tone 
control usually consists of a resistance
capacitance network in which the resist
ance is the variable element. 

The simplest form of tone control 
is a fixed tone-compensating or "equaliz
ing" network such as that shown in 
Fig. 56. This type of r.etwork is often 

Fig. 56-Tone-control circuit for fixed tone 
compensation or "equalizing". 

used to equalize the low- and high-fre
quency response of a crystal phono
graph pickup. At low frequencies the 
attenuation of this network is 20.8 dB. 
As the frequency is increased, the 
100-picofarad capacitor serves as a 
bypass for the 5-megohm resistor, and 
the combined impedance of the resistor
capacitor network is reduced. Thus, 
more of the crystal output appears 
across the 0.5-megohm resistor at high 
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frequencies than at low frequencies, and 
the frequency response at the grid is 
reasonably flat over a wide frequency 
range. Fig. 57 shows a comparison be
tween the output of the crystal (curve 
A) and the output of the equalizing 
network (curve B). The response curve 

i •• 
30 100 1000 I000O 

FREQUENCy-Hz 

Fig. 57-Curve showing output from 
crystal phonograph pickup (AJ and from 

equalizing network (B). 

can be "flattened" still more if the 
attenuation at low frequencies is in
creased by changing the 0.5-megohm 
resistor to 0.125 megohm. 

The tone-control network shown in 
Fig. 58 has two stages with completely 
separate bass and treble controls. Fig. 
59 shows simplified representations of 
the bass control of this circuit when the 
potentiometer is turned to its extreme 
variations (usually labeled "Boost" and 
"Cut"). In this network, as in the crys
tal-equalizing network shown in Fig. 
56, the parallel RC combination is the 
controlling factor. For bass "boost," the 
capacitor C. bypasses resistor R. so that 
less impedance is placed across the out
put to grid B at high frequencies than 
at low frequencies. For bass "cut," the 
parallel combination is shifted so that 
Cl bypasses R., causing more high
frequency than low-frequency output. 
Essentially, the network is a variable-

~--+--oo 

TREBLE 

Fig. 58-Two-stage tone-control circuitincorporatillg separate bass and treble control$. 
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frequency voltage divider. With proper 
values for the components, it may be 
made to respond to changes in the R. 
potentiometer setting for only low fre
quencies (below toOO Hz). 

BASS BOOST BASS CUT 

B 

Fig. 59-Simplified representations 01 bass
control circuit at extreme ends 01 

potentiometer. 

Fig. 60 shows extreme positions of 
the treble control. The attenuation of 
the two circuits is approximately the 
same at 1000 Hz. The treble "boost" 
circuit is similar to the crystal-equaliz
ing network shown in Fig. 56. In the 
treble "cut" circuit, the parallel RC ele
ments serve to attenuate the signal volt
age further because the capacitor by
passes the resistance across the output. 

TREBLE BOOST TREBLE CUT 
R4 R4 

C o 
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capacitance filter· across the primary of 
the output transformer. This filter may 
be fixed, with a supplementary tone 
control elsewhere, or it may form the 
tone control itself. If the amplifier in
corporates negative feedback, the tone 
control may be inserted in the feedback 
network or else should be connected to 
a part of the amplifier which is ex
ternal to the feedback loop. The over
all gain of a well designed tone-control 
network should be approximately unity. 

Automatic Volume or 
Gain Control 

The chief purpose of automatic 
volume control (ave) or automatic gain 
control (age) in a radio or television 
receiver is to prevent fluctuations in 
loudspeaker volume or picture bright
ness when the audio or video signal at 
the antenna is fading in and out. 

An automatic volume control cir
cuit regulates the receiver rf and if gain 
so that this gain is less for a strong sig
nal than for a weak signal. In this way, 
when the signal strength at the antenna 
changes, the ave circuit reduces the re
sultant change in the voltage output of 
the last if stage and consequently re
duces the change in the speaker output 
volume. 

The ave circuit reduces the rf and 
if gain for a strong signal usually by in

RS creasing the negative bias of the rf, if, 
and frequency-mixer stage when the 
signal increases. A simple avc circuit is 
shown in Fig. 61. On each positive half-Fig. 60-Simplified representations 01 

treble-control circuit at extreme ends of 
potentiometer. 

The effect of the capacitor is negligible 
at low frequencies; beyond 1000 Hz, 
the signal voltage is attenuated at a 
maximum rate of 6 dB per octave. 

The location of a tone-control net
work is of considerable importance. In 
a typical radio receiver, it may be 
inserted in the plate circuit of the 
power tube, the coupling circuit be
tween the first af amplifier tube and 
the power tube, or the grid circuit of 
the first tube. In an amplifier using a 
beam power tube or pentode power 
amplifier without negative feedback, it 
is desirable to connect a resistance-

cycle of the signal voltage, when the 
diode plate is positive with respect to 
the cathode, the diode passes current. 

OUTPUT 
or LAST 
IF STAGE 

Ave 
BIA S --.,..I/VI.IV'-' 

VOLTAGE 

Fig. 61-Automatic-volume-control (ave) 
circuit. 

Because of the flow of diode current 
through R" there is a voltage drop 
across Ri which makes the left end of 
R, negative with respect to ground. This 
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voltage drop across R, is applied, 
through the filter R2 and C, as negative 
bias on the grids of the preceding stages. 
When the signal strength at the antenna 
increases, therefore, 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 in
crease 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 avc circuit acts, of 
course, in the reverse direction, apply
ing less negative bias, permitting the rf 
and if gain to increase, and thus reduc
ing the decrease in the signal output of 
the last if stage. In this way, when the 
signal strength at the antenna changes, 
the avc 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 
avc voltage from varying at audio fre
quency. The filter is necessary because 
the voltage drop across R, varies with 
the modulation of the carrier being re
ceived. If avc voltage were taken di
rectly from R, without filtering, the 
audio variations in avc voltage would 
vary the receiver gain so as to smooth 
out the modulation of the carrier. To 
avoid this effect, the avc voltage is taken 
from the capacitor C. Because of the 
resistance R. in series with C, the capa
citor C can charge and discharge at only 
a comparatively slow rate. The avc volt
age therefore cannot vary at frequencies 
as high as the audio range but can vary 
at frequencies high enough to compen
sate for most fading. Thus the filter 
permits the avc circuit to smooth out 
variations in signal due to fading, but 
prevents the circuit from smoothing out 
audio modulation. 

It will be seen that an avc circuit 
and a diode-detector circuit are much 
alike. It is therefore convenient in a re
ceiver to combine the detector and the 
avc diode in a single stage. Examples of 
how these functions are combined in 
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receivers are shown in Circuits section. 
In the circuit shown in Fig. 61, a 

certain amount of avc negative bias is 
applie(j to the preceding stages on a 
weak signal. Because it may be desir
able to maintain the receiver rf and if 
gain at the maximum possible value for 
a weak signal, avc circuits are designed 
in some cases to apply no avc bias until 
the signal strength exceeds a certain 
value. These avc circuits are known as 
delayed ave or dave circuits. 

A davc circuit is shown in Fig. 62. 
In this circuit, the diode section D, of 
the 6AL5 acts as detector and avc diode. 

OUTPUT 
OF LAST 

I F STAGE 

Fig. 62-Delayed avc (davc) circuit. 

R, is the diode load resistor and R, and 
C2 are the avc filter. Because the cath
ode of diode D2 is returned through a 
fixed supply of -3 volts to the cathode 
of DJ , a dc current flows through R, 
and R2 in series with D,. The voltage 
drop caused by this current places the 
avc lead at approximately -3 volts (less 
the negligible drop through D,). When 
the average amplitude of the rectified 
signal developed across R, does not ex
ceed 3 volts, the avc 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 ampli
tude of rectified signal voltage across 
R, exceeds 3 volts, the plate of diode 
D2 becomes more negative than the 
cathode of D2 and current flow in diode 
D2 ceases. The potential of the avc 
lead is then controlled by the voltage 
developed across R,. Therefore, with 
further increase in signal strength, the 
avc circuit applies an increasing avc 
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bias voltage to the controUed stages. In 
this way, the circuit regulates the re
ceiver gain for strong signals, but per
mits the gain to stay constant at a maxi
mum value for weak signals. 

It can be seen in Fig. 62 that a por
tion. of the -3 volts delay voltage is 
applied to the plate of the detector 
diode D., this portion being approxi
mately equal to R,I(R, + Rs) 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 de
tection because it is not large enough 
to prevent current flow in the tube. 

Automatic gain control (age) com
pensates for fluctuations in rf picture 
carrier amplitude. The peak carrier level 
rather than the average carrier level is 
controlled by the agc voltage because 
the peaks of the sync pulses are fixed 
when inserted on a fixed carrier level. 
The peak carrier level may be deter
mined by measurement of the peaks of 
the sync pulses at the output of the 
video detector. 

A conventional agc circuit. such as 
that shown in Fig. 63, consists of a diode 

FROM AGC 
LAST CI R2 VOLTAGE TO 
IF~~IFANDRF 

STAGE . STAGES 
RI C2 

":"' "=" 

Fig. 63-Automatic-gain control (agc) 
circuit. 

detector circuit and an RC filter. The 
time constant of the detector circuit is 
made large enough to prevent the pic
ture content from influencing the mag
nitude of the agc voltage. The output 
voltage (age voltage) is equal' to the 
peak value of the incoming signal. 

The diode detector receives the in
coming signal from the last if stage of 
the television receiver through the ca
pacitor C,. The resistor R. provides the 
load for the diode. The diode conducts 
only when its plate is driven positive 
with respect to its cathode .. Electrons 
then flow from the cathode to the plate 
and thence into capacitor C" where the 
negative charge is stored. Because of the 
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low impedance offered by the diode dur
ing conduction, C, charges up to the 
value of the peak applied voltage. 

During the negative excursion of 
the signal, the diode does not conduct, 
and C, discharges through resistor R,. 
Because of the large time constant of 
R,C" however, only a small percentage 
of the voltage across C, is lost during 
the interval between horizontal sync 
pulses. During succeeding positive 
cycles, the incoming signal must over
come the negative charge stored in C, 
before the diode conducts, and plate 
current flows only at the peak of each 
positive cycle. The voltage across C" 
therefore, is determined by the level of 
the peaks of the positive cycles, or the 
sync pulses. 

The negative voltage developed 
across resistor R, by the sync pulses is 
filtered by resistor R. and capacitor C. 
to remove the 15,750-cycle ripple of 
the horizontal sync pulse. The dc out
put is then fed to the if and rf ampli
fiers as an agc voltage. 

This agc system may be expanded 
to include amplification of the agc sig
nal before detection of the peak level, or 
amplification of the dc output, or both. 
A direct-coupled amplifier must be used 
for amplification of the dc signal. The 
addition of amplification makes the sys
tem more sensitive to changes in carrier 
level. 

A "keyed" age system such as that 
shown in Fig. 64 is used to eliminate 
flutter and to improve noise immunity 
in weak signal areas. This system pro
vides more rapid action than the con
ventional agc. circuits because the filter 
circuit can employ lower capacitance 
and resistance values. 

T 
FROM LAST = 

IF STAGE 

B+ 

VIDEO 
OUTPUl 

KEYED AGe 
AMPLIFIER 

TRANSFORMER 
WINDING FOR 
KEYING PULSE 

t--y--... AGC 

B+ 

VOLTAGE 
RI 

Fig. 64-"Keyed" agc circuit. 
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In the keyed agc system, the nega
tive output of the video detector is fed 
directly to the grid No. 1 of the first 
video amplifier. The positive output of 
the video amplifier is, in turn, fed di
rectly to the grid No. 1 of the keyed agc 
amplifier. The video stage increases the 
gain of the agc system and, in addition, 
provides noise clipping. The plate volt
age for the agc amplifier is a positive 
pulse obtained from a small winding on 
the horizontal output transformer which 
is in phase with the horizontal sync 
pulse obtained from the video amplifier. 
The polarity of this pulse is such that 
the plate of the agc amplifier tube is 
positive during the retrace time. The 
tube is biased so that current flows only 
when the grid No. 1 and the plate are 
driven positive simultaneously. The 
amount of current flow depends on the 
grid-No. I potential during the pulse. 
These pulses are smoothed out in the 
RC network in the plate circuit (RlCl). 
Because the dc voltage developed across 
Rl is negative, it is suitable for appli
cation to the grids of the rf and if tubes 
as an agc voltage. 

High-Fidelity Amplifiers 

Several high-fidelity amplifiers are 
shown in the Circuits section. The per
formance capabilities of such amplifiers 
are usually given in terms of frequency 
response, total harmonic distortion, 
maximum power output, and noise 
level. 

To provide high-fidelity reproduc
tion of audio program material, an am
plifier should have a frequency response 
which does not vary more than 1 dB 
over the entire audio spectrum. General 
practice is to design the amplifier so 
that its frequency response is flat within 
I dB from a frequency below the low
est to be reproduced to one well above 
the upper limit of the audible region. 

Harmonic distortion and inter
modulation distortion produce changes 
in program material which may have 
adverse effects on the quality of the 
reproduced sound. Hannonic distortion 
causes a change in the character of an 
individual tone by the introduction of 
harmonics which were not originally 
present in the program material. For 
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high-fidelity reproduction, total har
monic distortion (expressed as a per
centage of the output power) should not 
be greater than about 1 per cent at the 
desired listening level. Types such as 
the 6973, 7027A and 7868 are designed 
to provide extremely low harmonic dis
tortion in suitably designed push-pull 
amplifier circuits. 

Intennodulation distortion is a 
change in the waveform of an individual 
tone as a result of interaction with an
other tone present at the same time in 
the program material. This type of dis
tortion not only alters the character of 
the modulated tone, but may also result 
in the generation of spurious signals at 
frequencies equal to the sum and dif
ference of the interacting frequencies. 
Intermodulation distortion should be 
less than 2 per cent at the desired listen
ing level. In general, any amplifier 
which has low intermodulation distor
tion will have very low harmonic dis
tortion. 

The maximum power output which 
a high-fidelity amplifier should deliver 
depends upon a complex relation of sev
eral factors, including the size and 
acoustical charact~ristics of the listen
ing area, the desired listening level, and 
the efficiency of the loudspeaker sys
tem. Practically, however, it is possible 
to determine amplifier requirements in 
terms of room size and loudspeaker 
efficiency. 

The acoustic power required to re
produce the loudest passages of orches
tral music at concert-hall level in the 
average-size living room is about 0.4 
watt. Because high-fidelity loudspeakers 
of the type generally available for home 
use have an efficiency of only about 5 
per cent, the output stage of the ampli
fier should therefore be able to deliver 
a power output of at least 8 watts. Be
cause many wide-range loudspeaker sys
tems, particularly those using frequency
divider networks, have efficiencies of 
less than 5 per cent, output tubes used 
with such systems must have corre
spondingly larger power outputs. The 
6973, 7027A, 7189, and 7868 can pro
vide ample output for most systems 
when used in suitable push-pull circuits. 

The noise level of a high-fidelity 
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amplifier determines the range of 
volume the amplifier is able to repro
duce, i.e., the difference (usually ex
pressed in decibels) between the loudest 
and softest sounds in program material. 
Because the greatest volume range util
ized in electrical program material at 
the present time is about 60 dB, the 
noise level of a high-fidelity amplifier 
should be at least 60 dB below the sig
nal level at the desired listening level. 

Limiters 
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 lim
iter 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 disturb
ances, the use of a limiter prevents 
such disturbances from being repro
duced in the audio output. The limiter 
usually follows the last if stage so 
that it can minimize the effects of dis
turbances coming in on the rf carrier 
and those produced locally. 

The limiter is essentially an if volt
age amplifier designed for saturated 
operation. Saturated operation means 
that an increase in signal voltage above 
a certain value produces very little in
crease 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 re
production of frequency variations. 

Plate-current saturation of the lim
iter may be obtained by the use of grid
No. 1 resistor-and-capacitor bias with 
plate and grid-No. 2 voltages which are 
low compared with customary if-ampli
fier 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 varia
tions. The output of the limiter is fre
quency-modulated if voltage, the mean 
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frequency of which is that of the if 
amplifier. This voltage is impressed on 
the input of the detector. 

The reception of FM signals with
out serious distortion requires that the 
response of the receiver be such that 
satisfactory amplification of the signal 
is provided over the entire range of fre
quency deviation from. the mean fre
quency. Since the frequency at any 
instant depends on the modulation at 
that instant, it follows 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 
kHz, a band 150 kHz wide. Suitable 
tubes for this purpose are the 6BA6 and 
6BJ6. 

Volume Compressors and Expanders 
Volume compression and expan

sion are used in FM transmitters and 
receivers and in recording devices and 
amplifiers to make more natural the 
reproduction of music which has a very 
large volume range. For example, in the 
music of a symphony orchestra the 
sound intensity of the soft passages is 
very much lower than that of the loud 
passages. When this low volume level 
is raised above the background noise 
for transmitting or recording, the peak 
level of the program material may be 
raised to an excessively high volume 
level. It is often necessary, therefore, to 
compress the volume range of the pro
gram content within the maximum capa
bilities of the FM transmitter or the 
recording device. Exceeding a maximum 
peak volume level for FM modulation 
corresponds to exceeding the allowed 
bandwidth for transmission. In some re
cording devices, excessive peak volume· 
levels may cause .overloading and dis
tortion. 

Volume compression may be ac
complished by either manual or auto
matic control. The types of compression 
used include peak limiters, volume limi
ters, and volume compressors. A peak 
limiter limits the peak power to some 
predetermined level. A volume limiter 
provides gain reduction based on an 
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average signal level above a prede
termined level. A volume compressor 
provides gain reduction for only the 
sustained loud portions of the sound 
level. Only volume compressors can be 
correctly compensated for with volume 
expanders. 

For faithful reproduction of the 
original sound, the volume expander 
used in the FM receiver or audio ampli
fier should have the reverse characteris
tic of the volume compressor used in 
the FM transmitter or recording device. 
In general, the basic requirements for 
either a volume compressor or expander 
are shown in the block diagram of 
Fig. 65. In a volume compressor, the 

INPUT OUTPUT 

Fig. 65-Bloclc diagram of volume com
pressor or expander circuit. 

variable-gain amplifier V 1 has greater 
gain for a low-amplitude signal than for 
a high-amplitude signal; therefore, soft 
passages are amplified more than loud 
ones. In an expander, the gain is greater 
for high-amplitude signals than for low
amplitude signals; therefore, loud pas
sages are amplified more than soft ones 
and the original amplitude ratio is re
stored. 

In the diagram shown in Fig. 65, 
the signal to be amplified is applied to 
V" and a portion of the signal is also 
applied to Vo. The amplified output 
from V2 is then rectified by Va, and ap
plied as a negative (for compressors) or 
positive (for expanders) bias voltage to 
V,. As this bias voltage varies with 
variations in signal amplitude, the gain 
of V, also varies to produce the de
sired compression or expansion of the 
signal. 

Tubes having a large dynamic 
range provide the best results in volume 
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compressor or expander applications. 
An example of this type is the 6BJ6. 
Push-pull operation is generally de
sired for the variable-gain amplifier to 
prevent high distortion and other un
desirable effects which may occur in 
volume compressors and expanders. 

Phase Inverters 
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 neces
sity for a phase inverter arises because 
the signal-voltage inputs to the grids 
of a push-pull stage must be 180 de
grees 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 simi
lar amount. With transformer coupling 
between stages, the out-of-phase input 
voltage to the push-pull stage is sup
plied 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. 

Fig. 66 shows a push-pull power 
amplifier, resistance-coupled by means 
of a phase-inverter circuit to a single
stage triode T,. Phase inversion in this 
circuit is provided by triode To. The out
put voltage of T, is applied to the grid 
No. 1 of tetrode T,. A portion of the 
output voltage of T, is also applied 
through the resistors Ra and R. to the 

Fig. 66-Push-pull power amplifier resist
alIce-col/pled to triode by means of phase 

inverter. 
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grid of To. The output voltage of To 
is applied to the grid No. 1 of tetrode 
T •. 

When the output voltage of T, 
swings in the positive direction, the 
plate current of T. increases. This action 
increases the voltage drop across the 
plate resistor Ro and swings the plate of 
T. in the negative direction. Thus, when 
the output voltage of T, swings positive, 
the output voltage of T. swings negative 
and is. therefore, 180 degrees out of 
phase with the output voltage of Tlo 

In order to obtain equal voltages at 
E. and Eb, (R. + R.)/R. should equal 
the voltage gain of To. Under the con
dition where a twin-type tube or two 
tubes having the same characteristics are 
used as T, and To, R. should be equal 
to the sum of R. and R.. The ratio of 
R. + R. to R. should be the same as 
the voltage gain ratio of T. in order to 
apply the correct value of signal voltage 
to 'f •. The value of R. is, therefore, 
equal to R. divided by the voltage gain 
of T.; R. is equal to R. minus R .. Values 
of R" R., R. plus R., and R. may be 
taken from the chart in the Resistance
Coupled Amplifiers section. In the prac
tical application of this circuit, it is con
venient to use a twin-triode tube com
bining T, and T •. 

TUlled Amplifiers 

In radio-frequency (rf) and inter
mediate-frequency (if) amplifiers, the 
bandwidth of frequencies to be amplified 
is lIsually only a small percentage of 
the center frequency. Tuned amplifiers 
are used in these applications to select 
the desired bandwidth of frequencies 
and to suppress unwanted frequencies. 
The selectivity of the amplifier is ob
tained by means of tuned interstage 
coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel reso
nant circuit (sometimes called a "tank" 
because it stores energy) is shown in 
Fig. 67. For practical purposes the 
resonant frequency of such a circuit 
may be considered independent of the 
resistance R, provided R is small com
pared to the inductive reactance XL. 
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The resonant frequency f. is then given 
by 

1 
f.=---

211"VLC 
For any given resonant frequency, the 
product of Land C is a constant; at low 
frequencies LC is large; at high fre
quencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank (fr. or Ie) to the 
current in the line (I). This unloaded Q, 
or Qo, may be expressed in variolls 
ways, for example: 

Q Ie Xl. R" 
r.= T R Xc 

where Xl. is the inductive reactance 
(= 2TfL), X. is the capacitive reactance 
(= 1/[2ufC]), and R,> is the total im
pedance of the parallel resonant circuit 

Xc 
c 1 

Fig. 67-Simple parallel reSOl/allt circuit. 
(tank) at resonance. The Q varies in
versely with the resistance of the induc
tor. The lower the resistance, the higher 
the Q and the greater the difference 
between the tank impedance at frequen
cies off resonance compared to the tank 
impedance at the resonant frequency. 

The Q of a tuned interstage cou
pling network also depends upon the 
impedances of the preceding and follow
ing stages. The output impedance of 
a tube can b~ considered as consist
ing of a resistance R. in parallel with a 
capacitance Co, as shown in Fig. 68. 
Similarly, the input impedance can be 
considered as consisting of a resistance 
R. in parallel with a capacitance C •. Be
cause the tuned circuit is shunted by 
both the output impedance of the pre
ceding tube and the input impedance of 
the following tube, the effective selec
tivity of the circuit is the loaded Q (or 
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OUTPUT OF INPUT OF 
PRECEDING COUPLING FO~'fa~ING 

I ~:"~II:: I I of ~f I 
Fig. 68-Equivalent output and input circuits 01 tubes connected by a coupling lIetwork. 

Qr.) based upon the total impedance of and the secondary winding of T. If there 
the coupled network, as follows: is capacitance in the secondary circuit 

S total loading on 1 (C.), it is reflected to the primary cir-
Qr. = lcoil at resonanceS ~~it as a capacitance C.,., and is given 

XL or Xc 
The capacitances Co and C, in Fig. 

68 are usually considered as part of the 
coupling network. For example, if the 
required capacitance between terminals 
I and 2 of the coupling network is cal
culated to be 500 picofarads and the 
value of Co is 10 picofarads, a capacitor 
of 490 picofarads is used between ter
minals 1 and 2 so that the total capa
citance is 500 picofarads. The same 
method is used to allow for the capa
citance C, at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a transformer 
is coupled to the nonresonant secondary 
winding of the transformer, as shown 
in Fig. 69, the effect of the input im
pedance of the following stage on the 
Q of the tuned circuit can be deter
mined by considering the values reflected 
(or referred) to the primary circuit by 

Fig. 69-Equivalent circuit for transformer
coupling network having tuned primary 

winding. 

transformer action. The reflected re
sistance r1 is equal to the resistance 
R1 in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 

r1 = Rl (N,JN.)' 
where NtlN. represents the electrical 
turns ratio between the primary winding 

C'P = Cp -+ (NtlN.)" 

The loaded Q, or QL, is then calculated 
on the basis of the inductance L., the 
total shunt resistance (Ro plus r, plus 
the tuned-circuit impedance Zt = Q.X. 
= QoXL), and the total capacitance 
(C,. + C.p ) in the tuned circuit. 

Fig. 70 shows a coupling network 
which consists of a single-tuned circuit 
using mutual inductive coupling. The 

OUTPUT OF 
PRECEDING 

TUBE 

INPUT OF 
FOLLOWING 

TUBE 

Fig. 70-Equivalent circuit for transformer
coupling network using inductive coupling. 

capacitance C t includes the effects of 
both the output capacitance of the pre
ceding tube and the input capacitance 
of the following tube (referred to the 
primary of transformer T,). The band
width of a single-tuned transformer is 
determined by the half-power points on 
the resonance curve (-3 dB or 0.707 
down from the maximum). Under these 
conditions, the band pass .6.f is equal 
to the ratio of the center or resonant 
frequency fr divided by the loaded (ef
fective) Q of the circuit, as follows: 

.6.f = fr/QL 
In high-frequency tuned amplifiers, 

where the input impedance is typically 
low, mutual inductive coupling may be 
impracticable because of the small 
number of turns in the secondary wind
ing. It is extremely difficult in practice 
to construct a fractional part of a turn. 
In such cases, capacitance coupling may 
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Fig. 7l-Single-tuned coupling network using capacitive division. 

be used, as shown in Fig. 71. This ar
rangement, which is also called capaci
tive division, is similar to tapping 
down on a coil at or near resonance. 
Impedance transformation in this net
work is determined by the ratio between 
capacitors C, and c.. Capacitor Ct is 
normally much smaller than C.; thus the 
capacitive reactance Xc, is normally 
much larger than Xc.. Provided the in
put resistance of the following tube is 
much greater than Xc., the effective 
turns ratio from the top of the coil to 
the input of the following tube is (Ct + 
C.) IC .. The total capacitance C t across 
the inductance L is given by 

CtC. 
Ct = C, + c. 

The resonant frequency f. is then given 
by 

1 
f. = 2...y'L7. 

Double-tuned interstage coupling 
networks are often used in preference to 
single-tuned networks to provide flatter 
frequency response within the pass 
band, a sharper drop in response im
mediately adjacent to the ends of the 
pass band, or more attenuation at fre
quencies far removed from resonance. 
In synchronous double-tuned networks, 
both the resonant circuit in the input 
of the coupling network and the reson
ant circuit in the output are tuned to 
the same resonant frequency. In "stag
ger-tuned" networks, the two resonant 
circuits are tuned to slightly different 
resonant frequencies to provide a more 
rectangular band pass with sharper 
selectivity at the ends of the pass band. 
Double-tuned or stagger-tuned networks 
may use capacitive, inductive, or mutual 
inductance coupling, or any combina
tion of the three. 

Television Tuners 
The vhf tuner of a television re

ceiver selects the desired fre.quency. 

channel in the range from 55 to 216 
MHz, amplifies it, and converts it to a 
lower intermediate frequency. These 
functions are accomplished in rf-ampli
fier, mixer, and local-oscillator stages 
employing tube types that are designed 
specifically for these applications. The 
rf-amplifier stage uses a high-transcon
ductance tube that has small dimensioll& 
to maintain low interelectrode capa
citances, particularly between grid and 
plate. The mixer and oscillator stages 
usually employ a dual-unit triode-pen
tode unit and a medium-mu triode unit. 

Fig. 72 shows a simplified sche
matic diagram of a typical vhf televi
sion tuner. The balun converts the 300-
ohm balanced antenna impedance to an 
unbalanced impedance of 75 ohms. The 
high-pass filter eliminates lower-fre
quency interference signals. The tuner 
is set to the desired frequency by simul
taneous adjustment of the inductances 
indicated by the several sets of arrows 
in Fig. 72. The inductances are either 
replaced completely or incremental 
amounts of inductance are added as 
the tuner is switched from high fre
quencies to lower frequencies. Some 
tuners use a combination of the two 
methods. 

Because noise generated in the first 
amplifier stage is often the controlling 
factor in determining the over-all sensi
tivity of a radio or television receiver, 
the "front end" is designed with special 
attention to both gain and noise char
acteristics. The input circuit of an am
plifier inherently contains some thermal 
noise contributed by the resistive ele
ments in the input device. When an 
input signal is amplified, therefore, the 
thermal noise generated in the input 
circuit is also amplified. If the ratio of 
signal power to noise power (signal-to
noise ratio, SIN) is the same in the 
output· circuit as in the input circuit, 
the amplifier is considered to be "noise-
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Fig. 72-Simplified schematic of typical vhf television tuner. 

less," and is said to have a noise figure of 10, and a 20-dB noise figure by a 
of unity, or zero dB. factor of 100. 

In practical circuits, however, all The over-all noise figure of a re-
amplifier stages generate a certain ceiver is affected by the total number 
amount of noise as a result of thermal of stages, as shown by the following 
agitation of electrons in resistors and relationship: 
other components, minute variations in 
the cathode emission of tubes (shot 
effect), and minute grid currents in the 
amplifier tubes. As a result, the ratio 
of signal power to noise power is in
evitably impaired during amplification. 
A measure of the degree of impairment 
is called the noise figure (NF) of the 
amplifier, and is expressed as the ratio 
of signal power to noise power at the 
input (SI/N I) divided by the ratio of 
signal power to noise power at the out
put (So/N 0), as follows: 

NF=~ 
(So/No) 

The noise figure in decibels (dB) is 
equal to ten times the logarithm of this 
power ratio. For example, a one-dB 
noise figure in an amplifier decreases 
the signal-to-noise ratio by a factor of 
1.26, a 3-dB noise figure by a factor 
of 2, a lO-dB noise figure by a factor 

(NF2 + 1) 
NFrecelver = NFl + 01 

+ (NF.+ 1) 
G,G2 ••• 

where G represents power gain and the 
subscripts indicate the number of each 
stage. This relationship indicates that 
the contribution of the second-stage 
noise factor to that of the over-all re
ceiver is reduced by the gain of the 
first stage. Therefore, it is important 
that the rf amplifier have enough gain 
to make the effect of the second stage 
negligible. The third stage will then 
have even less effect. The maximum 
available power gain G of an rf stage is 
given by 

G 

For maximum gain, therefore, the rf
amplifier tube should have high trans
conductance and high input and output 
impedances. At frequencies in the vhf 
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television band, the input resistance is 
small enough to affect the. gain. As 
mentioned previously, the rf tube is 
designed to have low interelectrode ca
pacitances, small interelectrode spac
ings, and low lead inductances (par
ticularly the cathode lead). 

The gain of the rf stage must be 
reduced as the incoming-signal ampli
tude changes to prevent overload dis
tortion in the following stages. As the 
signal amplitude increases, an auto
matic-gain-control (agc) circuit biases 
the rf tube to decrease its gain. The rf 
tube usually employs a semiremote
cutoff grid to reduce cross-modulation 
distortion. 

Either a triode or a pentode can 
be used in the rf-amplifier stage of 
tuner input circuits of vhf television 
receivers. Such stages are required to 
amplify signals ranging from 55 to 216 
MHz and having a bandwidth of 4.5 
MHz (the tuner is usually aligned for a 
bandwidth of 6 MHz to assure complete 
coverage of the band). In early rf 
tuners, pentodes rather than triodes were 
used because the grid-plate capacitance 
of triodes created stability problems. 
However, the use of twin triodes in 
direct-coupled cathode-drive circuits 
makes it possible to obtain stable opera
tion along with the low-noise character
istics of triodes. 

Pentodes or tetrodes do not pro
vide the useful sensitivity of triodes 
because of the "partition noise" intro
duced by the screen grid. The direct
coupled cathode-drive circuit provides 
both the gain and the stability capabili
ties of the pentode, as well as the ad
vantages of a low-noise triode input 
stage. Because the cathode-drive stage 
provides a low-impedance load to the 
grounded-cathode stage, the gain of the 
latter stage is very low and there is no 
necessity for neutralizing the grid-plate 
capacitance. An interstage impedance, 
usually an inductance in series with 
the plate of the first stage and the cath
ode of the second stage, is often used 
at higher frequencies to provide a de
gree of impedance matching between 
the units. The cathode-drive portion of 
the circuit is matched to the input net-
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work and provides most of the stage 
gain. Because the feedback path of the 
cathode-drive circuit is the plate-cath~ 
ode capacitance, which in most cases 
is very small, excellent isolation. is pro
vided between the antenna and the 
local oscillator. 

Development of single triodes hav· 
ing low grid-plate capacitance. such 
as the 6BN4A has made possible the 
design of neutralized triode rf circuits. 
Tubes such as the 6GK5 and 6CW4 
are specially designed to minimize grid
plate capacitance to permit easier neu· 
tralization of a grounded-cathode cir
cuit over the wide frequency band. 
Bridge-neutralized rf-amplifier stages 
are widely used in television tuners; 
in this arrangement, a portion of the 
output signal is returned to the grid 
out of phase with the feedback signal 
from the grid-plate capacitance. This 
circuit provides excellent gain and noise 
perform~nce with stable operation 
across the band. 

The mixer stage of a vhf tuner 
usually employs a pentode tube, or the 
pentode unit of a triode-pentode tube. 
Although triodes such as the 6J6A were 
used as mixers in early receivers, they 
have been replaced by pentodes because 
the higher output impedance. of a pen
tode provides a higher mixer gain than 
can be obtained with a triode. 

The amplified signal from the rf 
stage in Fig. 72 is applied to the mixer 
grid along with a local-oscillator signal 
of much larger amplitude. The local
oscillator signal varies the mixer grid 
voltage from cutoff into the grid-current 
region. This signal develops a grid
resistor bias, called the injection voltage, 
which is a measure of the local-oscillator 
voltage. Because the transfer curve of 
the mixer tube is nonlinear, mixing 
action between the rf signal and the 
local-oscillator signal produces sum and 
difference frequencies. The output cir
cuit of the mixer is tuned to the dif
ference frequency (about 44 MHz) and 
rejects aU other frequencies. This signal 
is then fed to the intermediate-frequencv 
amplifier. . 

The mixer gain is a function of 
the amplitude of the local-oscillator 
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signal. The gain has a broad maximum 
over a range of injection voltages from 
-2.5 to -5.0 volts for conventional
grid mixers and slightly lower for 
frame-grid mixers. Good impedance 
matching between the rf-amplifier plate 
and the mixer grid, consistent with 
bandpass requirements, is important to 
achieve maximum signal power trans
fer. A slight amount of regeneration is 
provided by a small screen-grid induct
ance. This regeneration effectively in
creases the mixer-grid input impedance 
and thus improves power gain. 

The local-oscillator stage shown 
in Fig. 72 is a Colpitts type in which 
the tuned circuit is located between 
the grid and plate and the feedback 
path is through the tube interelectrode 
capacitances. A large signal is devel
oped in the local oscillator and coupled 
loosely to the mixer grid to minimize 
the effects of changes in the mixer in
put on the frequency of oscillation. 
The circuit is designed to keep fre
quency shift within a very narrow range 
with supply-voltage and temperature 
changes. Fine tuning is provided by a 
variable inductance or capacitance 
across the tuned circuit. Tubes com
monly used in local-oscillator and mixer 
circuits are the 6EA8, 6KZ8, and 6KE8. 

Television IF Amplifiers 

The intermediate-frequency (if) 
amplifier stages in a television receiver 
provide the additional gain required to 
bring the signal level to an amplitude 
suitable for final detection. A constant 
peak signal of about three to five volts 
is required at the input to the detector. 
The mixer output signal is passed 
through two or three stages of ampli
fication to attain this level. High-trans
conductance pentodes having low grid
No.l-to-plate capacitances are normally 
used in if amplifiers. The coupling cir
cuits are usually tuned transformers 
which may be single- or double-tuned. 
The transformers are either synchro
nously (same frequency) tuned or 
stagger-tuned, depending on circuit re
quirements. The over-all bandwidth 
varies from a maximum of 3.58 MHz 
at the 6-dB points for color receivers to 
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values in the order of 2.0 to 2.5 MHz 
for the most inexpensive receivers. An 
expression for the figure of merit for a 
single tuned if-amplifier tube is the gain
bandwidth product G X B, which is 
given by 

GXB=~ 
2".C 

where C is the total tuning capaci
tance. This relationship again demon
strates the need for high transconduct
ance and low interelectrode capacitance. 

The first stage (or first two stages 
in the case of a three-stage iO is gain
controlled like the rf amplifier. How
ever, the bias applied to the if-amplifier 
tube varies the input resistance and 
capacitance of the tube and thus de
tunes the circuit. It is important for 
proper reception to maintain the fre
quency response of the if stages con
stant, particularly in the .case of the 
color receiver. Therefore, a small un
bypassed cathode resistor is used which 
provides degenerative feedback to min
imize the effect of bias changes. In 
addition, the effects on input impedance 
caused by the grid-plate capacitance 
are reduced by use of a partial bypass 
capacitor at the screen grid to provide 
neutralization of the grid-to-plate ca
pacitance. 

Tubes used in the gain-controlled 
stages of the if amplifier have remote
or semiremote-cutoff characteristics to 
reduce cross-modulation or intermodu
lation interference. Tube types com
monly used in this application include 
the 6BZ6, 6GM6, 6JH6, 6JD6A, and 
6KT6. 

The last if-amplifier stage is a 
relatively-large-signal amplifier. For 
this reason, the tube must be biased so 
that it will operate over a region of 
linear operation for large voltage ex
cursions. Because such a quiescent op
erating point provides a transconduct
ance somewhat below the maximum 
value for the tube, the selection of the 
operating point involves a compromise 
between signal-handling capacity and 
gain. For purposes of linearity, the 
final if-amplifier stage is not gain-con
trol/ed, and operates with the cathode 
bypassed to ground. Because fixed bias 
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is used, a sharp-cutoff tube is used to 
provide higher transconductance than 
could be obtained with an equivalent 
remote- or semiremote-cutoff tube. Ex
amples of types used in this stage are 
the 6EW6 and 6JC6A. 

Wideband (Video) Amplifiers 

In some applications, it is neces
sary for a circuit to amplify signals 
ranging from very low frequencies (sev
eral hertz) to high frequencies (tens of 
megahertz) with a minimum of fre
quency and time-delay distortion. For 
example, very exacting requirements are 
demanded for such applications as tele
vision camera chains, ac voltmeters, 
and vertical amplifiers for oscilloscopes. 
In response to these demands, circuit 
compensation techniques have been de
veloped to minimize the ar.lplitude and 
time-delay variation as the upper or 
lower frequency limits of the amplifier 
are approached. 

The need for such compensation is 
evident when many identical stages of 
amplification are employed. If ten cas
caded stages are used, a variation of 
0.3 dB per stage results in a total 
variation of 3 dB. In an uncompensated 
amplifier, this total variation occurs 
two octaves (a frequency ratio of 
four) prior to the half-power point. Be
cause two octaves are lost from both 
the high and low frequencies, the band
width of ten cascaded uncompensated 
amplifies stages is only one-sixteenth 
that of a single amplifier stage. Fig. 73 
shows the amplitude response charac
teristics of various numbers of identical 
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uncompensated amplifiers. 
In general, the output of an ampli

fier may be represented by a current 
generator iou• and a load resistance 
RL, as shown in Fig. 74(a). Because the 
signal current is shunted by various 
capacitances at high frequencies, as 
shown in Fig. 74(b), there is a loss in 
gain at these frequencies. If an induc
tor L is placed in series with the load 
resistor RL , as shown in Fig. 74(c), a 
low-Q circuit is formed which some
what suppresses the capacitive loading. 
This method of gain compensation, 
called shunt peaking, can be effective 
for improving high-frequency response. 
Fig. 74 shows the frequency response 
for the circuits in Fig. 74(a), (b), and (c). 
If the inductor L in Fig. 74(c) is made 
self-resonant approximately one octave 
above the 3-dB frequency of the circuit 
of Fig. 74(b), the amplifier response is 
extended by about another 30 per cent. 

If the stray capacitance C shown 
in Fig. 74(b) is broken into two parts 
C' and C" and an inductor L, is placed 
between them, a heavily damped form 
of series resonance may be employed 
for further improvement. This form 
of compensation, called series peaking, 
is shown in Fig. 75(a). If C' and C" are 
within a factor of two of each other, 
series peaking produces an appreciable 
improvement in frequency response as 
compared to shunt peaking. A more 
complex form of compensation em
bodying both self-resonant shunt peak
ing and series peaking is shown in 
Fig. 75(b). 

The effects of various high-fre-
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Fig. 73-Amplitude response characteristics of various numbers (N) of identical uncom

pensated amplifiers. 
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Fig. 74-Eqllivalent circuits and frequency response ot uncompensated and shullt-peaked 

amplifiers. 

quency compensation systems can be width of approximately 2.8 MHz. If 
demonstrated by consideration of an the capacitance is perfectly distributed, 
amplifier consisting of three identical and if an infinitely complex network 
stages. If each of the three stages is of shunt and series peaking is em
down 3 dB at 1 MHz, and if a total ployed, the ultimate capability is about 
gain variation of plus 1 dB and minus 4 MHz. 
3 dB is allowed, the bandwidth of the The frequency response of a wide
amplifier is 0.5 MHz without compen- band amplifier is influenced greatly by 
sation. Shunt peaking raises the band- variations in component values due to 
width to 1.3 MHz. Self-resonant shunt temperature effects, variation of tube 

(a) (b) 

Fig. 75-Circuits usillg (a) series peakillg, 
alld (b) both self-resonant shunt peaking 

and series peaking. 

peaking raises it to 1.5 MHz. An in
finitely complicated network of shunt
peaking techniques could raise it to 
2 MHz. If the distribution of capaci
tance permits it, series peaking alone 
can provide a bandwidth of about 2 
MHz, while a combination of shunt 
and series peaking can provide a band-

parameters with voltage and cur
rent (normal large-signal excursions), 
changes of stray capacitance due to re
located lead wires, or other variations. 
A change of 20 per cent in any of the 
critical parameters can cause a change 
of 0.7 dB in gain per stage over the 
last half-octave of the response for 
the most simple case of shunt peaking. 
As the bandwidth is extended by more 
complex peaking, a circuit becomes 
substantially more critical. (Measure
ment probes generally alter circuit per
formance because of their capacitance; 
this effect should be considered during 
frequency-response measurements. 

In the design of wideband ampli
fiers using many stages of amplifica
tion, it is necessary to consider time
delay variations as well as amplitude 
variation. When feedback capacitance 
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is a major contributor to response limi
tation, the more complex compensa
ing networks may produce severe 
ringing or even sustained oscillation. If 
feedback capacitance is treated as input 
capacitance produced by the Miller 
effect, the added input capacitance Cr' 
caused by the feedback capacitor C f 

is given by 

Ct' = C f (1 - VG) 

where VG is the input-to-output volt
age gain. The gain VG, however, has 
a phase angle that varies with fre
quency. The phase angle is 180 degrees 
at low frequencies, but may lead or 
lag this value at high frequencies; the 
magnitude of VG then also varies. In 
the design of very wideband amplifiers 
(20 MHz or more), the phase of the 
transconductance gm must be consid
ered. 

The video amplifier stage in a tele
vision receiver usually employs a pen
tode-type tube specially designed to 
amplify the wide band of frequencies 
contained in the video signal and, at 
the same time, to provide high gain 
per stage. Pentodes are more useful 
than triodes in such stages because 
they have high transconductance (to 
provide high gain) together with low 
input and output interelectrode ca
pacitances (to permit the broadband 
requirements to be satisfied). An approx
imate "figure of merit" for a particular 
tube for this application can be deter
mined from the ratio of its transcon
ductance, gin, to the sum of its input 
and output capacitances, Cta and Cout, 

as follows: . 

P • fMe 't gm 
19ure 0 n = C.n + Caut 

Typical values for this figure are in the 
order of 500 x 10· or greater. 

A typical video amplifier stage, 
such as that shown in Fig. 76, is con
nected between the second detector of 
the television receiver and the picture 
tube. The contrast control, Rt, in this 
circuit controls the gain of the video 
amplifier tube. The inductance, L., in 
series with the load resistor, RL , main
tains the plate load impedance at a rela
tively constant value with increasing 
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frequency. The inductance L. isolates 
the output capacitance of the tube so 
that only stray capacitance is placed 
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Fig. 76-Typical video amplifier stage. 

across the load. As a result, a higher
value load resistor is used to provide 
higher gain without affecting frequency 
response or phase relations. The de
coupling circuit, C.R., is used to im
prove the low-frequency response. 
Tubes used as video amplifiers include 
types 6CL6 and 12BY7A, or the pen
tode sections of types 6A W8A and 
6AN8A. 

The luminance amplifier in a color
television receiver is a conventional 
video amplifier having a bandwidth of 
approximately 3.5 MHz. In a color re
ceiver, the portion of the output of 
the second detector which lies within 
the frequency band from approxi
mately 2.4 to 4.5 MHz is fed to a 
bandpass amplifier, as shown in the 
block diagram in Fig. 77. The color 

Fig. 77-Block diagram of Video-amplifier 
section 01 color television receiver. 

synchronizing signal, or "burst," con
tained in this signal may then· be fed 
to a "burst-keyer" tube. At the same 
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time, a delayed horizontal pulse may 
be applied to the keyer tube. The out
put of the keyer tube is applied to the 
burst amplifier tube and the signal is 
then fed to the 3.58-MHz oscillator 
and to the "color-kiIIer" stage. 

The color killer applies a bias volt
age to the bandpass amplifier in the ab
sence of burst so that the color section, 
or chrominance channel, of the receiver 
remains inoperative during black-and
white broadcasts. A threshold control 
varies the bias and controls the burst 
level at which the killer stage operates. 

The output of the 3.58-MHz os
cillator and the output of the bandpass 
amplifier are fed into phase and ampli
tude demodulator circuits. The output 
of each demodulator circuit is an elec
trical representation of a color-differ
ence signal, i.e., an actual color signal 
minus the black-and-white, or lumi
nance, signal. The two color-difference 
signals are combined to produce the 
third color-difference signal; each of 
the three signals then represents one of 
the primary colors. 

The three color-difference signals 
are usually applied to the grids of the 
three electron guns of the color picture 
tube, in which case the black-and-white 
signal from the luminance amplifier may 
be applied simultaneously to the cath
odes. The chrominance and luminance 
signals then combine to produce the 
color picture. In the absence of trans
mitted color information, the chromi
nance channel is cut off by the color 
killer, as described above, and only the 
luminance signal is applied to the pic
ture tube, producing a black-and-white 
picture. 

TV Scanning, 
Sync, and Deflection 

For reproduction of a transmitted 
pictur.e in a television receiver, the 
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face of a cathode-ray tube is scanned 
with an electron beam while the inten
sity of the beam is varied to control 
the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical signal 
that controls the intensity of the elec
tron beam in the picture tube at the 
receiver. 

Scallllillg Fundamentals 

The scanning procedure used in 
the United States employs horizontal 
linear scanning in an odd-line inter
laced pattern. The standard scanning 
pattern for television systems includes 
a total of 525 horizontal scanning lines 
in a rectangular frame having an aspect 
ratio of 4 to 3. The frames are re
peated at a rate of 30 per second, with 
two fields interlaced in each frame. The 
first field in each frame consists of all 
odd-number scanning lines, and the 
second field in each frame consists of 
aU even-number scanning lines. The 
field repetition rate is thus 60 per sec
ond, and the vertical scanning rate is 
60 Hz. 

The geometry of the standard odd
line interlaced scanning pattern is illus
trated in Fig. 78. The scanning beam 
starts at the upper left corner of the 
frame at point A, and sweeps across 
the frame with uniform velocity to 
cover al\ the picture elements in one 
horizontal line. At the end of each 
trace, the beam is rapidly returned to 
the left side of the frame, as shown 
by the dashed line, to begin the next 
horizontal line. The horizontal lines 
slope downward in the direction of 
scanning because the vertical deftei::ting 
signal simultaneously produces a verti-
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Fig. 78-The odd-line illterlaced scalllling procedure. 
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cal scanning motion, which is very slow 
compared with the horizontal scanning 
speed. The slope of the horizontal line 
trace from left to right is greater than 
the slope of the retrace from right to 
left because the shorter time of the re
trace does not allow as much time for 
vertical deflection of the beam. Thus, 
the beam is continuously and slowly 
deflected downward as it scans the 
horizontal lines, and its position is suc
cessively lower as the horizontal scan
ning proceeds. 

At the bottom of the field, the ver
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical "ftyback" time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori
zontal lines are produced during the 
vertical flyback. 

. All odd-number fields begin at 
point A in Fig. 78 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be
ginning of the even-field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even fields 
fall exactly between the odd-number 
lines in the odd field. 

Sync 
In addition to picture information, 

the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face
plate of the picture tube at the right 
instant and in the right location. These 
pulses, which are called sync pulses, 
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control the horizontal and vertical 
scanning generators of the receiver. 

Fig. 79 shows a portion of the de
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes until, 
at the "blanking level" shown in the 
diagram, the amplitude represents a 
complete absence of light. This "black 
level" is held constant at a value equal 
to 75 per cent of the maximum ampli
tude of the signal during transmission. 
The remaining 25 per cent of the signal 
amplitude is used for synchronization 
information. Portions of the signal in 
this region (above the black level) can
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
receiver is maintained at the black level 
during this retrace interval by means 
of the blanking pulse shown in Fig. 79. 
Immediately after the beginning of the 
blanking period, the signal amplitude 
rises further above the black level to 
provide a horizontal-synchronization 
pulse that initiates the action of the 
horizontal scanning generator. When 
the bottom line of the picture is 
reached, a similar vertical-synchroniza
tion pulse initiates the action of the 
vertical scanning generator to move the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal may be separated from the 
video information in the output of the 
second or video detector by means of 

- - - MAXIMUM LEVEL 

- - BLACK LEVEL OR 
BLANKING LEVEL 

PICTURE 
INFORMATION 

- - MAXIMUM WHITE 
LEVEL O~ __________________________ _ 

Fig. 79-Detected video signal. 
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the triode circuit shown in Fig. 80. In 
this circuit, the time constant of the 
network R1Cl is long with respect to the 
interval between pUlses. During each 
pulse, the grid is driven positive and 
draws current, thereby charging ca
pacitor Cl. Consequently, the grid de
velops a bias which is slightly greater 

1Utfl lflnf 
.-----.---1'(-

CI 
--jl---r--t-
FROM 
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8+ 

TO 
SCANNING 
CIRCUITS 

Fig. 80-Sync-separator circuit. 

than the cutoff voltage of the tube. 
Because plate current flows only dur
ing the sync-pulse period, only the 
amplified pulse appears in the output. 
This sync-separator stage discriminates 
against the video information. Because 
the bias developed on the grid is pro
portional to the strength of the in
coming signal, the circuit also has the 
advantage of being relatively inde
pendent of signal fluctuations. 

After the synchronizing signals are 
separated from the composite video 
signal, it is necessary to filter out the 
horizontal and vertical sync signals so 
that each can be applied to its respec
tive deflection generator. This filtering 
is accomplished by RC circuits designed 
to filter out all but the desired syn
chronizing signals. Although the hori
zontal, vertical, and equalizing pulses 
are all rectangular pulses of the same 
amplitude, they differ in frequency and 
pulse width, as shown in Fig. 81. The 
horizontal sync pulses have a repetition 
rate of 15,750 per second (one for 

HORIZ. EQUALIZING. 
PULSES PULSES 
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each horizontal line) and a pulse width 
of 5.1 microseconds. The equalizing 
pulses have a width approximately half 
the horizontal pulse width, and a repe
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and six 
following the vertical synchronizing 
pulse. The vertical pulse is repeated at 
a rate of 60 per second (one for each 
field), and has a width of approxi
mately 190 microseconds. The serra
tions in the vertical pulse occur at 
half-line intervals, dividing the complete 
pulse into six individual pulses that 
provide horizontal synchronization dur
ing the vertical retrace. (Although the 
picture is blanked out during the verti
cal retrace time, it is necessary to keep 
the horizontal scanning generator syn
chronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a dif
ferentiating circuit that has a short 
time constant compared to the width 
of the horizontal pulses. When the total 
sync signal is applied to the differen
tiating circuit shown in Fig. 82, the 
capacitor charges completely very soon 
after the leading edge of each pulse, 
and remains charged for a period of 
time equal to practically the entire 
pulse width. When the applied voltage 
is removed at the time corresponding 
to the trailing edge of each pulse, the 
capacitor discharges completely within 
a very short time. As a result, a posi
tive peak of voltage is obtained for 

VERTICAL PULSE 

i~·5~P ~51J 190.5,.. 
1----3H----t 

LEADING 
EDGE 

Fig. 8I-Waveform of TV synchronizing pulses (H = horizontal lille period of 1/15,750 
seconds, or 63.5 /1-8). 
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Fig. 82-Separation of the horizontal sync signals from the total sync by a differentiating 
circuit. 

each leading edge and a negative peak 
for the trailing edge of every pulse. 
One polarity is produced by the charg
ing current for the leading edge of the 
applied pulse, and the opposite polar
ity is obtained from the discharge cur
rent corresponding to the trailing edge 
of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted to 
provide the differentiated output needed 
to synchronize the horizontal scanning 
generator during the time of vertical 
synchronization. During the vertical 
blanking period, many more voltage 
peaks are available than are necessary 
for horizontal synchronization' (only 
one pulse is used for each horizontal 
line period). The check marks above 
the differentiated outp!!t in Fig. 82 in
dicate the voltage peaks used to syn
chronize the horizontal deflection 
generator for one field. Because the 
sync system is made sensitive only to 
positive pulses occurring at approxi
mately the right horizontal timing, the 
negative sync pulses and alternate dif
ferentiated positive pulses produced by 
the equalizing pulses and the serrated 
vertical information have no effect on 
horizontal timing. It can be seen that 
although the total sync signal (includ
ing vertical synchronizing information) 
is applied to the circuit of Fig. 82, only 
horizontal synchronization information 
appears at the output. 

The vertical sync signal is sepa
rated from the total sync in an integrat
ing circuit which has a time constant 
that is long compared with the duration 
of the 5-microsecond horizontal pulses, 
but short compared with the 190-micro
second vertical pulse width. Fig. 83 
shows the general circuit configuration 

IN~:rOUTPU:r o - 0 
H H V 

~PUT 
OOD FIELDS • OUTPUT 
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L.IL....llJlflfNPUT 

:~= 
Fig. 83-Separation of vertical sync signals 
from the total sync for odd and even {ields 
with no equalizing pUlses. (Dashed line in
dicates triggering level for vertical scanning 

generator.) 

used, together with the input and out· 
put signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the hori
zontal pulse width that the capacitor 
has time to discharge almost down to 
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zero. When the vertical pulse is ap
plied, however, the integrated voltage 
across the capacitor builds up to the 
value required for triggering the verti
cal scanning generator. This integrated 
,voltage across the capacitor reaches its 
maximum amplitude at the end of the 
vertical pulse, and then declines prac
tically to zero, producing a pulse of 
the triangular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync signal 
(including horizontal information) is 
applied to the circuit of Fig. 83, there
fore, only vertical synchronization in
formation appears at the output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec
ond. Therefore, the integrated output 
voltage across the capacitor of the RC 
circuit of Fig. 83 can be coupled to 
the vertical scanning generator to pro
vide vertical synchronization. The six 
equalizing pulses immediately preced
ing and following the vertical pulse 
improve the accuracy of the vertical 
synchronization for better interlacing. 
The equalizing pulses that precede the 
vertical pulses make the average value 
of applied voltage more nearly the 
same for even and odd fields, so that 
the integrated voltage across the capa
citor adjusts to practically equal values 
for the two fields before the vertical 
pulse begins. The equalizing pulses that 
follow the vertical pulse minimize any 
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difference in the trailing edge of the 
vertical synchronizing signal for even 
and odd fields. 

In fringe areas, two conditions 
complicate the process of sync separa
tion. First, the incoming signal available 
at the antenna is weak and susceptible 
to fading and other variations; second, 
the receiver is operating at or near 
maximum gain, which makes it ex
tremely susceptible to interference from 
pulse-type noise generated by certain 
types of electrical equipment, ignition 
systems, switches, or the like. Some 
type of noise-immunity provision is 
almost essential for acceptable per
formance. Noise may be reduced or 
eliminated from the sync and agc cir
cuits by gating or by a combination of 
gating, inversion, and cancellation. An 
example, of the latter method is shown 
in Fig. 84. In this circuit the 6GY6, 
which has two independent control 
grids, serves the dual function of agc 
amplifier and noise inverter. Because 
the sync tips of the video signal at 
grid No. 1 of the 6GY6 drive the tube 
near its cutoff region, any noise signal 
extending above the tip level will ap
pear inverted across the grid-No.2 load 
resistor R. This inverted noise signal is 
re-combined with the video signal and 
fed to the sync separator at point "A" 
in Fig. 84, where noise cancellation 
takes place. This process leaves the 
sync pulses relatively free of disturbing 
noise and results in a stable picture. 
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Fig. 84-Typical noise-cancellation circuit. 
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To prevent reduction of receiver gain 
due to the effect of noise on the agc 
amplifier, a portion of the inverted 
noise signal is fed to the second con
trol grid, grid No.3, of the 6GY6 to 
cut off or gate the agc amplifier when 
a noise pulse occurs. 

Horizontal Deflection 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude must 
be passed through the horizontal-de
flection-yoke winding to develop a 
magnetic field adequate to deflect the 
electron beam of the television picture 
tube. (This type of deflection is differ
ent from that used in a cathode-ray 
oscilloscope, where the beam is de
flected electrostatically _) After the 
beam is deflected completely across the 
face of the picture tube, it must be 
returned very quickly to its starting 
point. (As explained previously, the 
beam is extinguished during this re
trace by the blanking pulse incorporated 
in the composite video signal, or in 
some cases by additional external 
blanking derived from the horizontal
deflection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 85. In this cir
cuit, the yoke impedance L is assumed 
to be a perfect inductor. When the 

Fig. 85-Simplest form of deflection circuit. 

switch is closed, the yoke current starts 
from zero and increases linearly. At 
any time t,. the current i is equal to 
EtlL, where E is the applied voltage. 
When the switch is opened at a later 
time t" the current instantly drops from 
a value of Et,/L to zero. 

Although the basic circuit of Fig. 
85 crudely approaches the requirements 
for deflection, it presents some obvious 
problems and limitations. The voltage 
across the switch becomes extremely 
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high, theoretically approaching infinity. 
In addition, if very little of the total 
time is spent at zero current, the circuit 
would require a tremendous amount of 
dc power. Furthermore, the operation 
of the switch would be rather critical 
with regard to both its opening and its 
closing. Finally, because the deflection 
field would be phased in only one di
rection, the beam would have to be 
centered at the extreme left of the 
screen for zero yoke current. 

If a capacitor is placed across the 
switch, as shown in Fig. 86, the yoke 

'? I I 1~ T 

YV\AA 1 hI< f\ f\ f\ 
: V vV 
Fig. 86-Addition of capacitor to permit 
f1yback ringing, and yoke-current (upper) 

and switch-voltage (lower) waveforms. 

current still increases linearly when the 
switch is closed at time t = O. How
ever, when the switch is opened at time 
t = t" a tuned circuit is formed by 
the paralh:l combination of Land C. 
The resulting yoke currents and switch 
voltages are then as shown in Fig. 86. 
The current is at a maximum when 
the voltage equals zero, and the volt
age is at a maximum when the current 
equals zero. If it is assumed that there 
are no losses, the ringing frequency 
f o • c is equal to 1/ (2.ry'LC). 

If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current flows 
as a result of the capacitive discharge. 
However, if the switch is closed at the 
precise moment 1. that the capacitor 
voltage equals zero, the capacitor cur-
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rent effortlessly transfers to the switch,. 
and a new transient condition results. 
Fig. 87 shows the yoke-current and 
switch-voltage waveforms for this new 
condition. 

If the switch is again opened at 
t" closed at t" and so on, the desired 

l, ~2 t~ t~ t~ 

ort------' (\1----
Fig. 87-Yoke-current (upper) and switch
voltage (lower) waveforms when switch is 

closed at t2 • 

sweep results, the peak switch voltage 
is finite, and the average supply cur
rent is zero. The deflection system is 
then lossless and efficient and, because 
the average yoke current is zero, beam 
Jecentering is avoided. The only fault 
of the circuit of Fig. 86 is the critical 
timing of the switch, particularly at 
time t = to. However, if the switch is 
shunted by a damper diode, as shown 
in Fig. 88, the diode acts as a closed 
switch as soon as the capacitor voltage 
reverses slightly. The switch may then 
be closed at any time between t2 and ta. 

Fig. 88-lncorporatiotl of damper diode. 

Fig. 89 shows a typical horizontal
output-and-deflection circuit used in tele
vision receivers. In addition to supply
ing the deflection energy required for 
horizontal deflection of the picture-tube 
beam, this circuit provides the high dc 
voltage required for the ultor (anode) of 
the picture tube and the "boosted" B vol
tage for other portions of the receiver. 
The horizontal-output tube is usually a 
beam power tube such as the 6JB6A, 
6JG6A, or 6LQ6/6JE6C. . 
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In this circuit, a sawtooth voltage 
from the horizontal-osoillator tube is 
applied to the grid No.1 of the horizon
tal-output tube. When this voltage rises 
above the cutoff point of the output 
tube, the tube conducts a sawtooth of 
plate current which is fed through the 
auto-transformer to the horizontal-de
flecting yoke. At the end of the horizon
tal-scanning cycle, which lasts for 63.4 
microseconds, the sawtooth voltage on 
the grid suddenly cuts off the output 
tube. This sudden change sets up an 
oscillation of about 50 to 70 kHz in 
the output circuit, which may be consid
ered as an inductor shunted by the stray 
capacitance of the circuit. During the first 
half of this oscillation, a positive voltage 
appears across the transformer. In the 
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Fig. 89-Typica/ horizontal-deflection and 
high-voltage circuit. 

second half of the cycle, the voltage 
swings below the plate supply voltage, 
and the damper diode conducts, damp
ing out the oscillation. At the same time, 
the current through the deflecting yoke 
reverses and reaches its negative peak. 
As the damper-diode current decays to 
zero, the output tube begins to conduct 
again. The yoke current, therefore, is 
composed of current resulting from 
damper-diode conduction followed by 
output-tube conduction. 

When the output tube is suddenly 
cut off, the high-voltage pulse produced 
is increased by means of an extra wind
ing on the transformer. This high
voltage pulse charges a high-voltage 
capacitor through the high-voltage rec-
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tifier. The output of this circuit is the 
dc high-voltage supply for the picture 
tube. The high-voltage rectifier also ob
tains its filament power through a sepa
rate winding on the horizontal-output 
transformer. 

Current flowing through the damper 
diode charges the "boost" capacitor 
through the damper portion of the trans
former winding. The polarity of the 
charge on the capacitor is such that the 
voltage at the low end of the winding 
is increased above the plate supply volt
age, or B+. This higher voltage or 
"boost" is used for the output-tube 
plate supply, and may also supply the 
deflection oscillators and other low
current-drain circuits in the receiver. 

Vertical Deflection 

The vertical-deflection circuit in a 
television receiver is essentially a· class 
A audio amplifier with a complex load 
line, severe low-frequency requirements 
(much lower than 60 Hz), and a need 
for controlled linearity. The equivalent 
low-frequency response for a IO-percent 
deviation from linearity is I Hz. 

The required performance can be 
obtained in a vertical-deflection circuit 
in any of three ways. The amplifier 
may be designed to provide a flat re
sponse down to I Hz. This design, 
however, requires an extremely large 
output transformer and immense ca
pacitors. Another arrangement is to 
design the amplifier for fairly good 
low-frequency response and predistort 
the generated signal. 

SYNC 
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B+ 
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The third method is to provide ex· 
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
tube gain variations and nonlinearities 
become fairly insignificant. The feed
back automatically provides the neces
sary "predistortion" to correct low
frequency limitations. In addition, the 
coupling of miscellaneous signals (such 
as power-supply hum or horizontal
deflection signals) in the amplifying 
loop is suppressed. 

A modified multivibrator in which 
the vertical-output tube is part of the 
oscillator circuit is used in the vertical
deflection stage of many television re
ceivers. This stage supplies the deflec
tion energy required for vertical 
deflection of the picture-tube beam. A 
simplified combined vertical-oscillator
output stage is shown in Fig. 90. Wave
shapes at critical points of the circuit 
are included to illustrate the develop
ment of the desired current through the 
vertical-output transformer and deflect
ing yoke. 

The current waveform through the 
deflecting yoke and output transformer 
should be a sawtooth to provide the de
sired deflection. The grid and plate volt
age waveforms of the output tube could 
also be sawtooth except for the effect of 
the inductive components in the yoke 
and transformer. The effect of these in
ductive components must be taken into 
consideration, however, particularly 
during retrace. The fast rate of current 
change during retrace time (which is 
approximately II 15 as long as trace 
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Fig. 90-Simplijied combined vertical-oscillator-and-output stage. 
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time) causes a high-voltage pulse at 
the plate which could give a trapezoi
dal waveshape to the plate voltage and 
cause increased plate current, excess 
damping, and lengthened retrace time. 
However, the grid voltage is made suf
ficiently negative during retrace to keep 
the tube close to cutoff, as described 
below. 

The frequency, and the relative de
viation of the positive and negative por
tions of each cycle, are dependent on 
the values of resistors R, and R. and 
the RC combination RaC., as explained 
in the section on multivibrators. The 
desired trapezoidal waveshape at the 
grid of V. is created by capacitor C, 
and resistor R.. If R. were equal to 
zero, C, would cause the grid-voltage 
waveshape to take the form shown in 
Fig. 9 I (a). When R. is sufficiently large, 
C, does not discharge completely when 
V, conducts. When V, is cut off, there
fore, the voltage on the grid of V. im
mediately rises to the voltage across 
C,. The resulting waveshape is shown 
in Fig. 9 I (b). The negative-going pulse 
of the grid-voltage waveshape prevents 
the high plate pulse from causing ex
cess conduction, and thereby prevents 
overdamping. 

l!1/1 m 
" b 

69 

tion, excessive voltage or current may 
be applied to the high-voltage rectifier, 
horizontal-output tube, and horizontaI
output (flyback) transformer so that 
the useful life of these components is 
substantially shortened. In modern color 
television receivers, regulation of the 
high voltage is accomplished by use of 
a shunt-type electronic voltage regulator 
connected across the output of the high
voltage power supply or by use of a 
pUlse-type regulator connected in shunt 
with the flyback transformer. 

Shunt Regulator Circuit-Fig. 92 
shows the schematic diagram of a typi
cal shunt regulator circuit. This circuit 
uses a 6BK4C/6EL4 or 6EN4 sharp
cutoff beam triode for the regulator 
tube and is suitable for regulation of 
the output of a high-voltage, high
impedance supply. The cathode of the 
regulator beam triode is -held at a fixed 
positive potential with respect to 
ground. Because the grid potential is 
kept slightly less positive by the volt
age drop across resistor R., the tube 
operates in the negative grid region 
and no grid current is drawn. 

When the output voltage, eo, rises 
as a result of a decrease in load current, 

Rs 

ei 
(UNREGULATED 

Fig. 91-Waveforms showing effect of R. INPUT) 

eo 
(REGULATED 

OUTPUT) 
in Fig. 90. 

This vertical-deflection stage uti
lizes twin-triode tubes such as the 6DR7 
and 6GF7A. The 6GF7A is particularly 
suitable for this application because it 
incorporates dissimilar units tei provide 
for the different operating requirements 
of the oscillator and output sections. 

High-Voltage Regulation 

In color television receivers, it is 
very important to regulate the high
voltage supply for the picture tube. 
Poor regulation of the high voltage can 
adversely affect the performance of the 
focusing and convergence circuits so 
that picture blooming results. In addi-

Fig. 92-High-voltage regulator circuit for 
color television. 

a small fraction of the additional volt
age is applied to the grid of the tube by 
the voltage-divider circuit consisting of 
R, and R.. This increased grid voltage 
causes the tube to draw an increased 
current from the unregulated supply. 
The increased current, in turn, causes 
a voltage drop across the high internal 
impedance of the unregulated supply, 
R., which tends to counteract the origi
nal rise of the voltage. If desired, the 
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grid may be connected to a variable 
point on the voltage divider to allow 
some adjustment of the output-voltage 
level. 

The grid voltage for the regulator 
can also be obtained from a tap on the 
B-boost voltage supply. The use of this 
lower voltage (about 375 volts) elimi
nates the need for costly and trouble
some high-voltage resistors. In this 
arrangement, variations in high voltage 
also vary the tapped-down B-boost volt
age at the regulator grid, and the result
ing variations in conduction of the 
regulator increase or decrease the load
ing of the high-voltage supply so that 
the total load remains nearly constant. 

The shunt regulator circuit, in ef
fect, presents a variable load impedance 
to the output of the high-voltage rec
tifier. Because the regulator is connected 
directly across the output of the recti
fier, the regulator tube is required to 
handle the full amount of the high 
voltage (approximately 25 kilovolts) 
applied to the picture tube. The tube 
area, therefore, must be well shielded 
to provide adequate X-ray protec
tion, and a relatively large area is 
required for voltage insulation. In addi
tion, the high-voltage rectifier is re
quired to conduct full-load current 
continuously. The shunt regulator main
tains a constant high voltage by sensing 
changes in the B Boost voltage, which 
are indicative of changes in beam 
current, and increasing or decreasing 
conduction accordingly. 

Pulse Regulator Circuit-In a 
pulse-regulator system, the regulator 
circuit is effectively shunted across part 
of the horizontal winding of the hori
zontal-output transformer. During oper
ation, the pulse-regulator circuit main
tains a substantially constant pulse 
amplitude in the primary winding of 
the horizontal-output transformer with 
changing loads on the high-voltage 
power supply. A constant-amplitude, 
stepped-up pulse is then applied to the 
high-voltage rectifier tube, and the high 
voltage developed from this pulse is 
maintained at a constant value. In the 
pulse-regulator syste~, regulator con
trol is achieved by sampling the picture-
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tube current by means of a special 
winding on the fly-back transformer 
and use of the resultant voltage drop 
(across a resistor) to control the grid 
circuit of the regulator tube. 

Fig. 93 shows the schematic dia
gram and significant waveforms for a 
circuit that uses a 17KV6A beam-power 
pentode for the regulator tube. During 
trace and retrace, the cathode of the 
17KV6A is held at B+. During the trace 
period, the screen grid of the 17KV6A 
is biased well below the cathode volt
age and is unaffected by the beam cur
rent drawn by the picture tube. The 
control-grid bias is determined by the 
resistive voltage-divider network R", 
Ra, R" and R. and is directly dependent 
on the beam current of the picture 
tube. The damper tube conducts during 
the trace period and holds the plate 
potential of the 17KV6A at B+. With 
the plate-to-cathode potential at zero 
and the screen grid negative with re
spect to the cathode, the regulator tube 
is completely cut off during the trace 
period. At the start of the retrace 
period, however, the damper tube be
comes reverse-biased, and the voltage 
on the plate of the regulator tube be
gins to rise. This increasing voltage is 
coupled to the screen grid through 
C, and R, and to the control grid 
through the interelectrode capacitance 
of the tube. 

The waveforms in Fig. 93 show 
that at the start of retrace the plate 
and screen grid of the 17KV6A have 
both been driven positive with respect 
to the cathode and the control grid 
has become less negative with respect 
to the cathode. The regulator tube then 
begins to conduct. The pulses impressed 
on the screen and control grids are 
short in duration so that the screen 
grid remains positive with respect to 
the cathode and the control grid re
mains near cathode potential for only 
a short time. The regulator tube is 
driven into conduction for approxi
mately 2 to 4 microseconds at the start 
of retrace and is then cut off. As the 
beam current' increases or decreases, 
the voltage developed across the re-
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Fig. 93-Schematic diagram and significant waveforms for a typical pulse-regulator 
circuit. 

sistive voltage-divider network R., Ro, 
Itt, and R. tracks these changes and is 
applied to the control grid of the regu
lator tube. In this way, the conduction 
of the regulator tube is increased or 
decreased as required to maintain a 
constant high-voltage output. By re-

moval of the energy from the rising 
edge of the flyback pulse in this fash
ion, the height of the pulse used to 
develop the high voltage is controlled. 
At the same time interference with the 
shape of the deflection pulse is held 
to a minimum. 



72 

Color Demodulation 

In the transmission of picture sig
nals for color-television receivers, all 
the color information is contained in 
three signals, a luminance (black-and
white) or monochrome signal and two 
chrominance signals. The luminance 
signal, which is called the Y signal, con
tains brightness information only. The 
voltage response of the Y signal is 
made similar to the brightness response 
of the human eye by use of a composite 
signal that contains definite propor
tions of the red, green, and blue signals 
from the color-television camera (30 
per cent red, 59 per cent green, and 
I t per cent blue). This Y signal, which 
includes sync and blanking pulses, pro
vides a correct monochrome picture in 
a conventional black-and-white televi
sion receiver. 

For the generation of color-televi
sion signals, the Y signal is subtracted 
from the red, green, and blue signals 
to provide a new set of color-difference 
signals, which are designated as R-Y, 
B-Y, and G-Y. All of the original pic
ture information is contained in the Y 
signal, the R-Y signal, and the B-Y 
signaL Therefore, the G-Y signal is not 
contained in the transmitted signal, but 
is synthesized in the receiver by proper 
combination of the R-Y and B-Y sig
nals. 

(Color signals transmitted under 
present color-television standards are 
not R-Y and B-Y, but a similar pair of 
signals designated as I and Q. In the 
color~television receiver, R-Y and B-Y 
signals are demodulated directly from 
the I and Q signals with negligible loss 

COLOR-DIFFERENCE 

SIGNAL A 

RCA RECEIVING TUBE MANUAL 

of color quality. For purposes of sim
plicity, only R-Y and B-Y signals are 
considered in this explanation. In addi
tion, a 90-degree phase-shift network 
is shown; the phase-shift angle could 
be, and often is, some other value.) 

Because the luminance signal and 
the two color-difference signals must 
be transmitted with a standard 6-MHz 
channel, the two color signals are 
combined into one signal at the trans
mitter and are independently recovered 
at the receiver by proper detection 
techniques. A color subcarrier of ap
proximately 3.58 MHz is used for 
transmitting the color information 
within the 6-MHz spectrum of the tele
vision station. As shown in Fig. 94, 
the 3.58-MHz subcarrier and one of the 
color-difference signals are applied di
rectly to a balanced AM modulator. 
The other color-difference signal is ap
plied directly to a second balanced AM 
modulator, and the 3.58-MHz subcarrier 
is applied to this second modulator 
through a 90-degree phase-shifting net
work. The balanced modulators effec
tively cancel both the individual color
difference signals and the subcarrier 
signal, and the output contains only 
the sidebands of the combined chromi
nance signal. 

Recovery of the color information 
at the receiver involves a process called 
synchronous detection. In this process, 
two separate detectors are used to re
cover the separate color information, 
just as two separate modulators were 
used to combine the information at the 
transmitter. The 3.58-MHz subcarrier, 
which was suppressed during transmis
sion, must. be reinserted at the receiver 
for recovery of the color information. 

COMBINED 
COLOR SIGNAL 

COLOR
DIFFERENCE 
SIGNAL A 

COLO~R---DI-F-FE-R-E-N-C-E--~ BALANCED 
....=.;:=:=:-:=~-=;,:=:..:....----f MODULATOR 

SIGNAL B 
COLOR-DIFFERENCE 

SIGNAL B 

Fig. 94-Formation of combined color signal for transmission. 
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A 
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B 
COLOR 
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Fig. 95-Separation of combined color signal into two signals at the receiver. 

The basis of synchronous detection is 
the phase relationship of this reinserted 
3.58-MHz subcarner. 

For example, the original color in
formation is represented in Fig. 94 by 
the color-difference signals A and B. 
At the receiver, the combined color 
signal is fed to two demodulators A 
and B, as shown in Fig. 95. At the same 
time, a 3.58-MHz subcarrier is also 
fed to the two demodulators, with 
the same phase relationship that was 
used in the modulators at the trans
mitter. This locally generated subcar
rier essentially duplicates or replaces 
the original sub carrier, which was re
moved at the transmitter. 

The local 3.58-MHz oscillator in 
the color-television receiver is made 
to function at the proper frequency and 
phase by means of a synchronizing sig
nal sent out by the transmitter. This 
synchronizing signal consists of a short 
burst of 3.58-MHz signals transmitted 
during the horizontal blanking inter
val, immediately after the horizontal 
sync pulse, as shown in Fig. 96. 

HORIZONTAL BURST OF 3.59 MHz 
/(9 CYCLES MIN) 

HORIZONTAL I-- BLANKING INTERVAL~ 

Fig. 96-Waveform for synchronizing 
signal. 

Fig. 97 shows a simplified diagram 
of a low-level color demodulator fre-

quently used in color-television receiv
ers. The locally generated 3.S8-MHz 
signal is applied to the grid No. 3 
of the pentode. The transmitted color 
signal containing the 3.58-MHz side
bands is applied to grid No. 1. The 
phase of the 3.58-MHz color signal 
constantly changes in accordance with 
its color content. For example, the fol
lowing table shows six variations in color 
(hue) as a function of subcarrier phase: 

Subcarrier Phase-degrees 
(with respect to J.SS-MHz 

local signal in phase with burst) Hue 

13 Yellow 
77 Red 

119 Magenta 
193 Blue 
257 Cyan 
299 Green 

The basic operating principle of 
the color demodulator shown iIJ Fig. 
97 is that plate current from the pen
tode is zero (or quite low) unless both 
grid No. 1 and grid No. 3 are simul
taneously positive. For example, when 
the signals applied to the two grids 
are in phase, plate current can be ex
pected to flow for 180 degrees of 
each ac cycle. Conversely, when the 
signals are 180 degrees out of phase, 
plate current is cut off. The output sig
nal from the detector, therefore, is a 
function of the phase relationship be
tween the transmitted color signal and 
the locally generated subcarrier. 

In a typical color-television re
ceiver, two color demodulators of the 
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type shown in Fig. 97 are required. 
In one demodulator, the 3.S8-MHz 
subcarrier signal is applied directly to 
the pentode grid No. 3 from the local 
"burst" oscillator. In the other demodu
lator, the 3.58-MHz signal from the 

LOCALLY GENERATED 
3.58-MHz SIGNAL 

TRANSMITTED 
COLOR SIGNALS 

3.56-MHz SIDEBANDS 

B+ B+ 

Fig. '97-Low-level color demodulator. 

burst oscillator is shifted 90 degrees 
in phase before it is applied to the 
pentode grid No.3. As sh.own previ
ously in Fig. 9S, the demodulator B 
produces R-Y signals. These B-Y and 
R-Y signals are then combined (ma
trixed) to produce the G-Y signal, as 
discussed earlier. The complete lumi
nance signal is then amplified to the 
required level in a conventional video
amplifier circuit. 

In some color-television receivers, 
the demodulators are designed so that 
the color output signals can be applied 
directly to the color picture tube. In 
the diagram shown in Fig. 98, for ex
ample, the 6JH8 sheet-beam demodula-

Fig. 98-Block diagram of demodulator 
eircuit used to apply signals directly to 

color picture tube. 

tors produce both positive and negaiIve 
B-Y and R-Y signals. The positive sig
nals are applied directly to the control 
grids (grid No.1) of the blue and red 
guns of the color picture tube. At the 
same time, the negative color-difference 
signals are add~d (matrixed) in the 
correct proportions to produce the G-Y 
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signal, which is applied to grid No. lof 
the green gun. 

Oscillation 
As an oscillator, an electron tube 

can be employed to generate a continu
ously alternating voltage. In present
day radio broadcast receivers. this 
application is limited practically to 
superheterodyne receivers for supplying 
the heterodyning frequency. Several cir
cuits (represented in Fig. 99) may 
be utilized, but they all depend on 
feeding more energy from the plate cir
cuit to the grid circuit than is required 
to equal the power loss in the grid cir
cuit. Feedback may be 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. 

B- A- &to 
A+ 

B- HEATER B+ 
TRANSFORMER 

Fig. 99-Tuned-grid triode oscillator circuit: 
(a) using filament-type tube; (b) IIsing 

heater-cathode-type tube. 

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 ad
justed over a very wide range. 



ELECTRON TUBE ApPLICATIONS 

Multivibrators 
Relaxation oscillators, which are 

widely used in present-day electronic 
equipment, are used to produce non
sinusoidal waveshapes such as rectangu
lar and sawtooth pUlses. Probably the 
most common relaxation oscillator is 
the multivibrator, which may be con
sidered as a two-stage resistance-coupled 
amplifier in which the output of each 
tube is coupled into the input of the 
other tube. 

Fig. 100 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 usually 
starts with one tube, V1, at zero bias, 
and the other, V2, at cutoff or beyond. 
At this point, the capacitor C1 is charged 
sufficiently to cut off V.. C1 then begins 
to discharge through the resistor R., and 
the voltage on the grid of V. rises until 
V. begins to conduct. The voltage on the 
plate of V. then decreases, causing V1 to 
conduct less and less. At the same time, 
the plate voltage of V1 begins to rise, 
causing V. to conduct still more heavily. 
Because of the amplification, this cumu
lative effect builds up extremely fast, 
and conduction switches from V1 to V. 

~----------------~--~+ 

Fig. lOa-Basic multivibrator circuit 0/ 
the free-running type. 

within a few microseconds, depending 
on the circuit components. 

In this circuit, therefore, conduc
tion switches from V1 to V. over the 
interval during which C1 discharges 
from the voltage across R. to the cutoff 
voltage for V •. The actual transfer of 
conduction does not occur until cutoff 
is reached. Conduction switches back to 
V1 through a similar process to com
plete the cycle. The plate waveform is 
essentially rectangular in shape, and 
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may be adjusted as to symmetry, fre
quency, and amplitude by proper choice 
of circuit constants, tubes, and voltages. 

Although this type of multivibrator 
is free-running, it may be triggered by 
pulses of a given amplitude and fre
quency to provide a frequency-stabilized 
output. Multivibrator circuits may also 
be designed so that they are not free
running, but must be triggered ex
ternally to shift conduction from one 
tube to the other. Depending on the 
type of circuit, conduction may shift 
back to the first tube after a given time 
interval, or the second tube may con
tinue conducting until another trigger 
signal is applied. 

Synchroguide Circuits 

The "synchroguide" is a controlled 
type of oscillator used in television re
ceivers to generate and control the syn
chronized sawtooth voltage necessary 
for adequate line- or horizontal-fre
quency scanning. A simplified synchro
guide circuit is shown in Fig. 101. This 
circuit provides stable, noise-free control 
of a blocking oscillator which generates 
a horizontal-frequency signal. It permits 
comparison of the received sync pulses 
and the generated sawtooth voltages so 
that properly locked-in horizontal scan
ning results. 

The triode V. in Fig. 10 I is a con
ventional blocking oscillator which en
ables a sawtooth voltage to be developed 
across the capacitor C.. A portion of 
this sawtooth is fed back to the grid of 

svNcl 
INPUT 

TO 
HORIZONTAL 

SCANNING 
AMPLifiER 

Fig. IOl-Simplijied synchroguide circuit. 

the control tube, Vlo The positive sync 
pulses are also applied to the arid of 
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V,. The waveforms shown in Fig. 102 
illustrate the sawtooth and sync pulses 
(A and B) and their proper "in-sync" 

A ~.!tT~_ SAWTOOTH 

8 ~ SYNC-PULSES 
CUTOFF "IN-SYNC' e ---~'-'.?"t--7'l--7'l---7"I--- COMBINATION 

./ V V V ~ OSCILLATING 
. FREQUENCY 

~.!l.J7171717i.9IF -- - - LOWER THAN o SYNC-PULSE 
FREQUENCY 

Fig. l02-Saw/oo/h and sync. pulses in 
synchroguide cir.cuit. 

combination (C). The sync pulse occurs 
partly during the portion of the saw
tooth voltage in which the triode V, 
draws current. Any shift in sync pulse 
as it is superimposed on the sawtooth, 
therefore, will affect the amount of 
conduction of the control tube. A 
change in control-tube conduction ulti
mately affects the bias on the oscillator
tube grid by changing the voltage to 
which the capacitor C, in the cathode 
circuit may charge. An increase in the 
pOsitive bias increases the frequency of 
oscillation. 

For example, waveform D in Fig. 
102 illustrates a condition in which the 
sawtooth voltage is advanced in phase 
with respect to the sync pulses. The 
widening of the pulse which occurs at 
the corner of the sawtooth waveform 
allows the control tube to conduct more 
current and, consequently, allows the 
capacitor C, to charge.to a higher volt
age. This increased reference voltage 
also appears in the grid circuit of V. 
and makes the grid more positive. The 
increased grid voltage then speeds up 
the freQuency of oscillations until proper 
synchronization results. 

The blocking oscillator can be 
made more immune to changes in fre
quency and noise if V. is brought out of 
cutoff very sharply. This effect is ob
tained by sine-wave stabilization. The 
tuned circuit LaC. in the plate circuit 
of Fig. 101 superimposes a shock-excited 
sine wave on the plate and grid wave
forms, as shown in Fig. 103. 

Automatic Frequency Control 

An automatic frequency control 
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GRID CUTOFF 

~GRADUAL APPROACHj 
TUBE CAN BE DRIV~N 

- OUT OF CUTOFF BY 
A' SLIGHT CIRCUIT 

VARIATIONS. 

SHARPER APPROACH 
~ MAKES OSCILLATOR LESS 

·SUSCE:PTIBLE TO 
B FREQUENCY CHANGES. 

Fig. 103-Wavelorms showing effect of 
tuned circuit L.C. in Fig. 101. 

(afc) circuit provides a means of cor· 
recting automatically the intermediate 
frequency of a superheterodyne receiver 
when, for any reason, it drifts from the 
frequency to which the if stages are 
tuned. This correction is made by ad
justing the frequency of the oscillator. 
Such a circuit will automatically com
pensate for slight changes in rf carrier 
or oscillator frequency as well as. for 
inaccurate manual or push-button tun
ing. 

An afc system requires two sec
tions: a frequency detector and a vari
able reactance. The detector section may' 
be essentially the same as the FM de
tector illustrated in Fig. 30 and dis
cussed under Detection. In the afc 
system, however, the output is a dc 
control voltage, the magnitude of which 
is proportional to the amount of fre
quency shift. This dc control voltage is 
used to control the grid bias of an elec
tron tube which comprises the variable 
reactance section (Fig. 104). 

Fig. 104-Automatic-Irequency-control 
(alc) circuit. 

The 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 
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almost 90 degrees out of phase, the con
trol tube affects the tank circuit in the 
same manner as a reactance. The grid 
bias of the tube determines the magni
tude of the effiective reactance and, con
sequently, a control of this grid bias can 
be used to control the oscillator fre
quency. 

Automatic frequency control is also 
used in television receivers to keep the 
horizontal oscillator in step with the 
horizontal-scanning frequency (15,750 
Hz) at the transmitter. A widely used 
horizontal afc circuit is shown in Fig. 
105. This circuit, which is often referred 
to as a balanced-phase-detector or 
phase-discriminator circuit, is usually 
employed to control the frequency of 
a multivibrator-type horizontal-oscilla
tor circuit. The 6AL5 detector supplies 
a dc control voltage to the grid of the 
horizontal-oscillator tube which counter
acts changes in its operating frequency. 
The magnitUde and polarity of the con
trol voltages are determined by phase 
relationships in the afc circuit at a 
given moment. 

The horizontal sync pulses obtained 
from the sync-separator circuit are fed 
through a single-triode phase-inverter 
or phase-splitter circuit to the two diode 
units of the 6AL5. Because of the action 
of the phase-inverter circuit, the signals 
applied to the two diode units are equal 
in amplitude but 180 degrees out of 

REFERENCE VOLTAGE 
FROM HORIZONTAL 
OUTPUT CIRCUIT 

DC CORRECTION 
VOLTAGE TO GRID 
OF HORIZONTAL 

OSCILLATOR 

Fig. I05-Balanced phase-detector or 
phase-discriminator circuit for 

horizontal afc. 
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phase. A reference sawtooth voltage ob
tained from the horizontal output cir
cuit is also applied simultaneously to 
both units. Any change in the oscillator 
frequency alters the phase relationship 
between the reference sawtooth and the 
incoming horizontal sync pulses, caus
ing one diode unit of the 6AL5 to con
duct more heavily than the other, and 
thus producing a correction signal. The 
system remains balanced at all times, 
therefore, because momentary changes 
in oscillator frequency are instantane
ously corrected by the action of the 
control voltage. 

The diode units of the 6AL5 are 
biased so that conduction takes place 
only during the tips of the sync pUlses. 
The relative position of the sync pulses 
on the retrace portion of the sawtooth 
waveform at any given instant deter
mines which diode unit conducts more 
heavily, and thereby establishes the 
magnitude and polarity of the control 
voltage. The network between the diode 
units and the grid of the horizontal
oscillator tube is essentially a low-pass 
filter which prevents the horizontal sync 
pulses from affecting the horizontal
oscillator performance. 

Frequency Conversion 
Frequency conversion is used in 

superheterodyne receivers to change the 
frequency of the rf signal to an inter
mediate frequency. To perform this 
change in frequency, a frequency-con
verting device consisting of an oscillator 
and a frequency mixer is employed. In 
such a device, shown diagrammatically 
in Fig. 106, two voltages of different 
frequency, the rf signal voltage and the 
voltage generated by the oscillator, are 
applied to the input of the frequency 
mixer. These voltages beat, or hetero
dyne, within the mixer tube to produce 
a plate current having, in addition to 

""Dl0 
FREQUENCY 

INPUT 

'NTERMEDIATE 
F'REQUENCY 

OUTPUT 

FREQUENCY CONVERTER 

Fig. l06-Block diagram of simple fre
quency-co1lverter circuit. 
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the frequencies of the input voltages, 
numerous sum and difference frequen
cies. 

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 between the signal fre
quency 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 sig
nal 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, over
all gain for the receiver. 

Several methods of frequency con
version 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 pro
duce across the tuned plate load a volt
age of the desired intermediate fre
quency. The methods differ in the types 
of tubes employed and in the means of 
supply 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, em
ploys 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. 
Because five grids are used, the tube is 
called a pentagrid converter. 

Grids No. 1 and No. 2 and the 
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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. Grid No.2 
is connected within the tube to the 
screen grid (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 suppres
sor grid. 

Converter tubes of this type are de
signed 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 cath
ode current. There is, therefore, little 
detuning of the oscillator by avc bias 
because changes in avc bias produce 
little change in oscillator transconduct
ance or in the input capacitance of grid 
No. 1. 

Examples of the pentagrid conver
ters discussed in the preceding para
graph are the single-ended types IRS 
and 6BE6. A schematic diagram illus
trating the use of the 6BE6 with self
excitation is given in Fig. 107. The 
6BE6 may also be used with separate 
excitation. A complete circuit is shown 
in the Circuits section. 

TYP£ 68£6 
RF 

OUTPUT 

RIDN2,5 
(SUPPRESSOR) 

GRlDSN!2&4 
(SCREEN) 

Fig. l07-Frequency-converter circuit using 
the 6BE6 pentagrid converter with sel/

excitation. 
A further method of frequency con

version employs a tube called a penta
grid mixer. This type has two independ
ent control grids and is used with, a 
separate oscillator tube. RF signal volt
age is applied to one of the control grids 



ELECTRON TUBE ApPLICATIONS 

and oscillator voltage is applied to the 
other. It follows, therefore, that the 
variations in plate current are due to 
the combination of the oscillator and 
signal frequencies. 

The tube contains a heater-cathode, 
five grids, and a plate. Grids Nos. 1 and 
3 are control grids. The rf signal volt
age is applied to grid No. 1. This grid 
has a remote-cutoff characteristic and is 
suited for control by avc bias voltage. 
The oscillator voltage is applied to grid 
No.3. This grid has a sharp-cutoff char
acteristic 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 electro
statically from the other electrodes. 
Grid No.5, connected within the tube 
to the cathode, functions similarly to 
the suppressor grid in a pentode. 

In the converter or mixer stage of 
a television receiver, stable oscillator 
operation is most readily obtained when 
separate tubes or tube sections are used 
for the oscillator and mixer functions. 
A typical television mixer-oscillator cir
cuit is shown in Fig. lOS. In such cir
cuits, the oscillator voltage is applied to 
the mixer grid by inductive coupling, ca
pacitive coupling, or a combination of 
the two. Tubes containing electrically 
independent oscillator and mixer units 
in the same envelope, such as the 
6EAS and 6KES are designed especially 
for this application. 

RflNPUT 

OSC.ll..~ATOR TUBE: 

.". TUBE 
Fig. lOB-Typical television mixer-oscillator 

circuit. 

Tuning Indication With 
Electron-Ray Tubes 

Electron-ray tubes are designed to 
indicate visually by means of a fluores
cent 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 and 
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the 6E5 contain two main parts: (1) a 
triode which operates as a dc amplifier 
and (2) an electron-ray indicator which 
is located in the bulb as shown in Fig. 
109. The target is operated at a positive 
voltage and, therefore, attracts electrons 
from the cathode. When the electrons 
strike the target they produce a glow 
on the fluorescent coating of the tar
get. Under these conditions, the target 
appears as a ring of light. 

A ray-control electrode is mounted 
between the cathode and target. When 
the potential of this electrode is less 
positive than the target, electrons flow
ing to the target are repelled by the 
electrostatic 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 

TARGET-

fLUORESCENT 
.... - COATING 

RAY-CONTROL 
-- ELECTRODE 

TRIODE: 
--PLATE: 

--CATHODE: 

Fig. l09-Structure of electron-ray tube. 

shadow on the glowing target. The ex
tent of this shadow varies from approxi
mately 100 degrees of the target when 
the control electrode is much more nega
tive than the target to 0 degrees 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 
electrode is determined by the voltage 
on the grid of the triode section, as can 
be seen in Fig. 110. The flow of the 
triode plate current through resistor R 
produces a voltage drop which de
termines the potential of the control 
electrode. When the voltage of the triode 
grid changes in the positive direction, 
plate current increases, the potential of 
the control electrode goes down because 
of the increased drop across R, and the 
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shadow angle widens. When the poten
tial of the triode grid changes in the 
negative direction, the shadow angle 
narrows. 

Fig. IlO-lndicating circuit using an 
electron-ray tube. 

Another type of indicator tube is 
the 6AF6G. This tube contains only an 
indicator unit but employs two ray-con
trol electrodes mounted on opposite 
sides of the cathode and connected to 
individual base pins. It employs an ex
ternal dc amplifier. (See Fig. 111.) 
Thus, two symmetrically opposite 
shadow angles may be obtained by con
necting the two ray-control electrodes 
together; or, two unlike patterns may 
be obtained by individual connection of 
each ray-control electrode to its re
spective amplifier. 
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In radio receivers, avc voltage is 
applied to the grid of the dc amplifier. 

R: TYPICAL VALUE IS o.~ MEGOHM 

Fig. Ill-Indicating circuit using 6AF6G 
electron-ray tube and external dc amplifier. 

Because avc 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. 

The choice between electron-ray 
tubes depends on the avc characteristic 
of the receiver. The 6E5 contains a 
sharp-cutoff triode which closes the 
shadow angle on a comparatively low 
value of avc voltage. The 6U5 has a 
remote-cutoff triode which closes .the 
shadow on a larger value of avc 
voltage than the 6E5. The 6AF6G 
may be used in conjunction with 
dc amplifier tubes having either re
mote- or sharp-cutoff characteristics. 



THE installation of electron tubes 
requires care if reliable perform

ance is to be obtained from the asso
ciated circuits. Installation suggestions 
and precautions which are generally 
common to all types of tubes are cov
ered in this section. Additional per
tinent information is given under each 
tube type and in the Circuits section. 

Filament and Heater 
Power Supply 

The design of electron tubes allows 
for some variation in the voltage and 
current supplied to the filament or 
heater, but most satisfactory results are 
obtained from operation at the rated 
values. When the voltage is low, the 
temperatl1l'e of the cathode is below 
normal, with the result that electron 
emission is limited. The limited emis
sion may cause unsatisfactory operation 
and reduced tube life. On the other 
hand, high heater voltage may cause 
rapid evaporation of cathode material 
and shorten tube life. 

To insme proper tube operation, it 
is important that the filament or heater 
voltage be checked at the socket termi
nals by means of a high-resistance volt
meter while the equipment is in opera
tion. In the case of series operation of 
heaters 01' filaments, correct adjustment 
can be checked by means of an ammeter 
in the heater or filament circuit. 

The filament or heater voltage sup
ply may be a direct-current source (a 
battery or a dc power line) or an alter
nating-current power line, depending on 
the type of service and type of tube. 
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Electron Tube 
Installation 

Ordinarily, a step-down transformer is 
used with an ac supply to provide the 
proper filament or heater voltage. Re
ceivers intended for operation on both 
dc and ac power lines have the heaters 
connected in series with a suitable re
sistor and supplied directly from the 
power line. 

Mobile and marine receivers have 
the heaters of the tubes connected di
rectly across the battery supply. 

Parallel heater operation usually 
requires a step-down transformer to 
reduce the 120 Va'c line voltage to 
typically 6.3 Vac. Care must be taken 
to prevent excessive voltage drop in 
the heater circuit wiring which would 
result in incorrect voltage at the tube 
terminals. 

Series heater operation eliminates 
the need for a step-down transformer 
and is economical when a number of 
tubes rated at the same heater current 
have a total heater voltage drop which 
adds up to an available supply volt
age. A voltage-dropping resistor in 
series with the heaters and the supply 
line is usually required. This resistance 
should be of such value that for normal 
line voltage the tubes will operate at 
their rated heater current. The resis
tor value is calculated by the follow
ing formula. 

Required resistance (ohms) = 
supply volts - total rated volts of tubes 

rated amperes of tubes 

The power dissipation of the re
sistor (in watts) is equal to the volt
age drop of the resistor multiplied by 
the series string current in amperes. 
A resistor having a wattage rating well 
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in excess of this value should be 
chosen. 

A convenient means exists for ob
taining a heater supply voltage drop 
without the disadvantage of a power
dissipating resistor. A diode in series 
with the 120 Vac line provides a half 
wave rectified sine wave of 84 V 
h/2 x RMS input). The diode po-
2" 

larity should be such as to operate the 
heaters negative. (See heater-cathode 
voltage below.) In TV receivers de
signed for instant-on operation such 
a series-connected diode can be used 
for stand-by operation (70% of rated 
heater voltage) of a 120 Vac series 
string. 

Heater-Cathode Voltage 
When the series-heater connection 

is used in equipment, it is advisable 
to arrange the heaters in the circuit so 
that tubes most sensitive to hum dis
turbances are at or near ground poten
tial of the circuit. This arrangement 
reduces the amount of AC heater
cathode voltage of these tubes and 
minimizes hum interference. Other 
tubes operated with grounded cathode, 
such as horizontal deflection' ampli
fiers or tube insulated for high heater 
cathode voltage, such as damper, are 
more immune to heater-cathode leak
age. 

Typical orders of series-string 
connections, by tube function, are 
shown below. 

Heater-type tubes may produce 
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hum as a result of conduction between 
heater and cathode or between heater 
and control grid, or by modulation of 
the electron stream by the alternating 
magnetic field surrounding the heater. 
When a large resistor is used between 
heater and cathode (as in series-con
nected heater strings), or when one side 
of the heater is grounded, even a minute 
pulsating leakage current between heater 
and cathode can develop a small volt
age across the cathode-circuit imped
ance and cause objectionable hum. The 
use of a large cathode bypass capacitor 
is recommended to minimize this source 
of hum. 

Much lower hum levels can be 
achieved when heaters are connected in 
parallel systems in which the center-tap 
of the heater supply is grounded or, 
preferably, connected to a positive bias 
source of 15 to 80 volts dc to reduce the 
flow of alternating current. The heater 
leads of the tubes should be twisted and 
kept away from high-impedance circuits. 
The balanced ac supply provides almost 
complete cancellation of the alternat
ing-current components. 

The balanced arrangement de
scribed above also minimizes heater
grid hum. High grid-circuit impedances 
should be avoided, if possible. High 
heater voltages should also be avoided 
because heater-cathode hum rises sharply 
when the heater voltage is increased 
above the published value. 

Certain tube types are designed 
especially to minimize hum in high
quality, high-fidelity audio equipment. 
Examples are the 5879, 7025, and 7199. 

120 v. 
AC OR DC 

Fig. 112A-Order of series heater-string connection, by tube function, to minimize 
hum in a radio receiver. 
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Fig. 112B-Order of series heater-string cOllnection, by tube function, to minimize 
hUIIl in a TV receiver. 

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 corresponding 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 
dc supply, from the voltage drop across 
a resistor in the 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 "cath
ode bias" or "self bias"; the third is 
called "grid-resistor bias" and is some
times incorrectly referred to in re
ceiving-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 termi
nal 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 filament 
is supplied with alternating current, this 
connection is usually made to the cen
ter-tap of a low resistance (20 to 50 
ohms) shunted across the filament ter
minals. This method reduces hum dis
turbances 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 uti
lizes the voltage drop produced by the 
cathode current flowing through a re
sistor connected between the cathode 
and the negative terminal of the B-sup
ply. (See Fig. 113.) The cathode current 
is, of course, 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 increas
ingly negative with respect to the cath
ode, the required negative grid-bias 
voltage can be obtained by connecting 
the grid return to the negative end of 
the resistance. 
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B- B+ 

R= GRID-BIASING RESISTOR T = FILAMENT TRANSFORMER C = BYPASS CAPACITOR 

Fig. 113-Typical grid-voltage supply circuits. 

The value of the resistance tor 
cathode-biasing a single tube can be de
termined from the following formula: 
Resistance (ohms) = 

desired grid-bias voltage X 100U 
rated cathode current in milliamperes 

Thus, the resistance required to pro
duce 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 re
sistor depends on circuit-design require
ments. In rf circuits the cathode resistor 
usually is bypassed. In af circuits the 
use of an unbypassed resistor will re
duce distortion by introducing degene
ration into the circuit. However, the 
use of an unbypassed resistor decreases 
gain and power sensitivity. When by
passing is used, it is important that the 
bypass capacitor be sufficiently large to 
have negligible reactance at the lowest 
frequency to be amplified. 

In the case of power-output tubes 
having high transconductance, such as 
beam power tubes, it may be necessary 
to shunt the bias resistor with a small 
mica capacitor (approximately O.OOI/LF) 
in order to prevent oscillations. The 
usual ·af bypass mayor may not be 
used, depending on whether or not 
degeneration is desired. In tubes having 
high values of transconductance, such 
as the 6BA6, 6CB6A, and 6AC7, input 
capacitance and input conductance 
change appreciably with plate current. 

When such a tube having a separate 
suppressor-grid connection is used as an 
rf amplifier, these changes may be mini
mized by leaving a certain portion of 
the cathode-bias resistor unbypassed. In 
order to minimize feedback when this 
method is used, the external grid-No. I
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 appre
ciable 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 be
tween 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 the Circuits section. In 
these circuits,the audio amplifier type 
1 US or 12AV6 has a lO-megohm resistor 
between the grid and the negative fila
ment or cathode to furnish the required 
bias, which is usually less than 1 volt. 
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This method of biasing is used prin
cipally 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 re
quired 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 the Circuits 
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. 114 and 115; (2) from a 
bleeder circuit by means of a poten
tiometer as shown in Fig. 116; or (3) 
from a bleeder circuit in which the 
bleeder current is varied by a tube 

B- A- A+ B+ 

Fig. I14-Amplifier stage IIsing a variable 
cathode-bias resistor for voillme control. 

used for automatic volume control. 
The latter circuit is shown in Fig 61. 

In all cases it is important that 
the control be arranged so that at no 
time will the bias be less than the 
recommended minimum grid-bias volt
age 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 con-
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necting a fixed cathode resistance in 
series with the variable resistance used 
for regulation. Where receiver gain is 

Fig. I15-Ampli/ier stage similar to Fig. 
I14 bllt IIsing heater-cathode-type tllbe. 

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 modula
tion-distortion. A remote-cutoff type of 
tube should, therefore, be used in the 
controlled stages. 

Fig. 116-Ampli/ier stage using a bleeder 
eircllit and potentiometer for volume 

control. 

In most tubes employing a unipo
tential 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. 117. The value of grid voltage 
at which the grid-current curve inter
cepts the horizontal axis is determined 
by several different physical processes, 
including an electrothermal effect due 
to the differences in temperature and 
in material composition of the grid 
and the cathode, and by the positive 
grid current. For values of grid poten
tials which are larger than this inter
cept, the direction of the grid current 
is positive (i.e., from the cathode to 
the grid). At smaller values of grid po
tential, the direction of the grid current 



86 

is negative (i.e., from the grid to the 
cathode). 

Positive grid current consists of 
electrons emitted from the cathode 
which are intercepted by the control 
grid. Negative grid current, which be
comes appreciable only when the grid 
potential is more negative than the 
value of the intercept, is a result of 
the emission of electrons from the 
heated control grid to the cathode, the 
effect of gas molecules in the tube, 
and the influence of leakage currents 
between the grid and cathode and the 
grid and the plate. 

The value of grid potential at the 
intercept of the grid-current curve on 
the horizontal axis (often mistakenly 
called contact potential) may be as high 
as 1 ~ volts. If the operating bias of the 
tube is less than this intercept, it is 
found that two effects are present. 
Direct current flows in the grid circuit, 
and the dynamic input resistance of the 
tube may be relatively low. It is gen
erally desirable to supply the tube with 
a value of bias sufficiently high so that 
the operating point of the tube is not 
near the value of this intercept. If the 
value of the operating bias is near the 
value of the intercept, care should be 
taken to avoid undesirable effects in 
the grid circuit due to grid current or 
low input resistance. 

GRID VOLTS t 

Fig. 117-Curves showing flow of positive 
grid'cllrrent in tubes employing unipotential 

cathodes. 
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Screen-Grid Voltage Supply 
The positive voltage for the screen 

grid (grid No.2) of screen-grid tubes 
may be obtained from a tap on a volt
age 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-grid 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 character
istic screen-grid current variations of 
tetrodes. Fig. 118 shows a tetrode with 
its screen-grid voltage obtained from a 
potentiometer. 

When pentodes or beam power 
tubes are operated under conditions 
where a large shift of plate and screen
grid currents does not take place with 
the application of the signal, the screen
grid voltage may be obtained through 
a series resistor from a high-voltage 

A+ A" B· 

Fig. 118-Tetrode circuit in which screen
grid voltage is obtained from a 

potentiometer. 

source. This method of supply is pos
sible because of the high uniformity 
of the screen-grid current characteristic 
in pentodes and beam power tubes. 
Because the screen-grid voltage rises 
with increase in bias and resulting de
crease in screen-grid current, the cutoff 
characteristic of a pentode is extended 
by this method of supply. 

This method is sometimes used to 
increase the range of signals which can 
be handled by a pentode. When used 
in resistance-coupled amplifier circuits 
employing pentodes in combination 
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with the cathode-biasing method, it 
minimizes the need for circuit adjust
ments. Fig. 119 shows a pentode with 
its screen-grid voltage supplied through 
a series resistor. 

When power pent odes and beam 
power tubes are operated under condi
tions such that there is a large change 
in plate and screen-grid currents with 
the application of signal, the series
resistor method of obtaining screen-grid 
voltage should not be used. A change 
in screen-grid current appears as a 

Fig. 119-Pentode circuit in which screen
grid voltage is supplied through ti series 

resistor. 

change in the voltage drop across the 
series resistor in the screen-grid circuit; 
the result is a change in the power 
output and an increase in distortion. 
The screen-grid voltage should be ob
tained 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-grid voltage. Otherwise, with 
voltage on the screen grid only, the 
screen-grid current may rise high 
enough to cause excessive screen-grid 
dissipation. 

Screen-grid voltage variation for 
the rf amplifier stages has sometimes 
been used for volume control in older
type receivers. Reduced screen-grid volt
age decreases the transconductance of 
the tube and results in reduced gain 
per stage. The voltage variation is ob
tained by means of a potentiometer 
shunted across the screen-grid voltage 
supply. (See Fig. 118.) When the screen
grid voltage is varied, it must never 
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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-fre
quency stage also must be shielded 
from the other high-frequency stag~s. 
Unless shielding is employed, undesired 
feedback may occur and may produce 
many harmful effects on receiver per
formance. 

To prevent this feedback, it is a 
desirable practice to shield separately 
each unit of the high-frequency stages. 
For instance, in a superheterodyne re
ceiver, 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 
section. The oscillator coil may be es
pecially 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 separately 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 ground
ing pin at the socket terminal. The 
grounding connection should be short 
and sturdy. Many modern tubes of glass 
construction have internal shields, us
ually connected to the cathode; where 
present, these shields are indicated in 
the socket diagram. 

Dress of Circuit Leads 

At high frequencies such as are en
countered in FM and television re
ceivers, lead dress, that is, the location 
a nd arrangement of the leads used for 
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connections in the receiver, is very im
portant. Because even a short lead 
provides a large impedance at high fre
quencies, it is necessary to keep all 
high-frequency leads as short as pos
sible. This precaution is especially im
portant for ground connections and for 
all connections to bypass capacitors 
and high-frequency filter capacitors. 
The ground connections of plate and 
screen-grid 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 high-frequency stages 
so that the possibility of stray coupling 
is minimized. Unshielded leads con
nected to shielded components should 
be dressed close to the chassis. As the 
frequency increases, the need for care
ful lead dress becomes increasingly 
important. 

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

Filters 

Feedback effects also are caused in 
radio or television receivers by coupling 
between stages through common volt
age-supply circuits. Filters find an im
portant use in minimizing such effects •. 
They should be placed in voltage-supply 
leads to each tube in order to return 
the signal current through a low-im
pedance path direct to the tube cathode 
rather than by way of the voltage
supply circuit. Fig. 120 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 per
missible 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 
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Fig. l20-Typical filter eirCl/its. 

regulation important, chokes are more 
suitable. 

The minimum practical size of the 
capacitors may be estimated in most 
cases by the following rule: The imped
ance of the capacitor at the lowest fre
quency 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, particu-
. larly at high frequencies, require high

quality capacitors. Mica or ceramic ca
pacitors are preferable. Where stage 
shields are employed, filters should be 
placed within the shield. 

Another important application of 
filters is to smooth the output of a 
rectifier tube. (See Rectification.) A 
smoothing filter usually consists of ca
pacitors and iron-core chokes. In any 
filter-design problem, the load imped
ance must be considered as an integral 
part of the filter because the load is 
an important factor in filter perform
ance. Smoothing effect is obtained from 
the chokes because they are in series 
with the load and offer a high imped
ance 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 
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constant. Smoothing filters are clas
sified as choke-input or capacitor-input 
according to whether a choke or ca
pacitor is placed next to the rectifier 
tube. (See Fig. nl.) 
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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. 122.) The rf chokes should 

CHOKf.··iNPUT 'TYPE iILTEA: CAPACITOR-INPUT TYPE F'ILTe:R CAPACITOR FILTER 

O~l"'---O 
INPUT 
fROM OUTPut 

RECTIFIER TC lUBE 

0--...1...---<0 

V FILTER CHOKE (;. FILTER C,,"PACITPR 

Fig. I2l-Typical smoothing filters for rectifier tubes. 

The Circuits section gives a num
ber of examples of rectifier circuits 
with recommended filter constants. 

If an input capacitor is used, con
sideration must be given to the instan
taneous peak value of the ac input volt
age. 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 break
down 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 recti
fier tubes occasionally produce a form 
of local interference in radio receivers 
through direct radiation or through the 
power line. This interference is gen
erally identified in the receiver as a 
broadly tunable 120-Hz buzz (100 
Hz for 50-Hz supply line, etc.). 
It is usually caused by the formation 
of a steep wave front when plate cur
rent within the tube begins to flow on 
the positive half of each cycle of the ac 
supply voltage. 

There are several ways of elimi
nating 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 

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 approxi
mately 1.4 times the rms value. 

C= RF BYPASS CAPACITOR,MICA L' R F CHOKE 

Fig. I22-Filter circuit llsed to eliminate 
interference produced by mercury-vapor or 

gas-filled rectifier tubes. 

Transformers having electrostatic 
shielding between primary and second
ary are not likely to transmit rf disturb
ances to the line. Often the interference 
may be eliminated simply by making 
the plate leads of the rectifier extremely 
short. In general, the particular method 
of interference elimination must be se
lected by experiment for each instal
lation. 

Output Coupling Devices 

An output-coupling device is used 
in the plate circuit of a power output 
tube to keep the comparatively high dc 
plate current from the winding of an 
electromagnetic speaker and, also, to 
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transfer power efficiently from the out
put stage to a loudspeaker of either the 
electromagnetic or dynamic type. 

Output-coupling devices are of two 
types, (1) choke-capacitor and (2) trans
former. The choke-capacitor type in
cludes 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 dc plate current 
component of the signal voltage but op
poses the flow of the fluctuating com
ponent. 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. 123. Examples 
of transformers for push-pull stages are 
shown in several of the circuits given 
in the Circuits section. 

PLATE 

~UT 00111,-------, 
TRANSFORMER 

OPL,...A_T_E __ -f ( = 2-6,..F 

INPUT 

B+ !IO-30H 
CHOKE 

"-_-/ LOUDSPEAKER 

9 
CHOKE-COIL METHOD 

Fig. 123-Typical output-coupling devices. 

High-Fidelity Systems 

The results achieved from any 
high-fidelity amplifier system depend to 
a large degree upon the skill and care 
with which the system is constructed. 
Improper placement of transformers. 
other components, and wiring, and at
tempts to achieve excessive compact-
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ness, can only result in instability, 
oscillation, hum, and other operating 
difficulties, as well as in damage to 
components by overheating. It is im
portant, therefore, that construction of 
high-fidelity amplifier systems be under
taken only by persons who have had 
some experience in the layout, mechan
ical construction, and wiring of audio 
equipment. 

It is impractical to give specific 
construction data for various amplifiers 
and supplementary units because the 
best arrangement for each unit or com
bination of units will depend on the 
requirements of the user. It is possible, 
however, to list some general consid
erations which should be observed in 
the construction of any high-fidelity 
amplifier system. 

Any amplifier having two or more 
stages should be constructed with a 
straight-line layout so that maximum 
separation is provided between the 
signal input and output circuits and ter
minals. Power-supply connections, par
ticularly those carrying ac, should be 
isolated as far as possible from signal 
connections, especially from the input 
connection. Signal-carrying conductors, 
even when shielded, should not be 
cabled together with power-supply con
ductors. Internal wiring for ac-operated 
tube heaters, switches, pilot-light sock
ets, and other devices, should be twisted 
and placed flat against the chassis. All 
connections to the ground side of the 
circuit in each unit should be made to 
a common bus of heavy wire. This bus 
should be connected to the chassis 
only at the point of minimum signal 
voltage, i.e., at the signal-input terminal 
of the unit. 

All internal wiring that carries sig
nal voltages should be as short as pos
sible, and as far as possible above the 
chassis, to minimize losses at the higher 
audio frequencies due to stray shunt 
capacitance. All connections between 
units should be made with shielded 
cable having a capacitance of not more 
than 30 picofarads per foot, such as 
Alpha Type 1249 or 1704, Belden Type 
8401 or 8410, or equivalent cable. 



ELECTRON TUBE INSTALLATION 

Because power amplifiers and pow
er-supply units of high-fidelity systems 
normally dissipate large amounts of 
heat, they should be constructed and 
installed in such a manner as to assure 
adequate ventilation for the tubes and 
other components. A beam power tuhe 
or rectifier tube should be separated 
from any other tube or component on 
the same side of the chassis by at least 
I ~ tube diameters. 

Power amplifiers and power-supply 
units which are to be installed horizon
tally (i.e., with the tubes vertical) in 
cabinets or- on shelves should be pro
vided with mounting feet, perforated 
bottom covers, and a number of small 
holes around each tube socket to permit 
relatively cool air to enter from below 
and provide ventilation for the under 
side of the chassis and tubes. 

If a power amplifier, tone-control 
amplifier, and one or more pream
plifiers are to be constructed on the 
same chassis, the mechanical layout 
should be planned so that the circuits 
operating at the lowest signal levels 
are farthest from the output stage and 
power supply. Amplifier units which 
normally operate at comparable signal 
levels but are not used simultaneously 
(such as preamplifiers for tape pickup 
heads and magnetic phonograph pick
ups) may be installed side by side on 
the same chassis without danger of 
interaction. Units which operate si
multaneously, however (such as the 
channels of a stereophonic system), 
should not be installed side by side 
on the same chassis without careful 
consideration to placement of com
ponents and wiring, and the possible 
use of shielding to prevent interaction. 

When an amplifier, preamplifier, 
mixer, or other unit requiring heater 
power is located more than five or six 
feet from its power-supply unit, the 
heater-current conductors in the power
supply cable must be large enough to 
assure that each tube receives its rated 
heater voltage. In cases where very 
large heater currents or very long 
power-supply cables are involved, it 
may be desirable to install a heater-
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supply transformer on OT near the am
plifier unit. If such a transformer is 
installed on or near a preamplifier for 
a magnetic-tape pickup head, a mag
netic phonograph pickUp, or a dynamic 
microphone, the transformer should 
be completely shielded 'and positioned 
to prevent its field from inducing hum 
in the pickup device. 

Considerations for 
Television Picture Tubes 

Like other high-voltage devices, 
television picture tubes require that cer
tain precautions be observed to mini
mize 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 anode cav
ity cap of all-glass picture tubes or 
on the glass part of the envelope of 
metal picture tubes. This film may per
mit sparking to take place over the 
glass surface to the external conductive 
coating or to the metal. shell. 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 envelope 
of metal picture tubes should be kept 
clean and dry. 

Dust Considerations. The accumu
lation of dust on the uncoated area of 
the bulb around the anode cap of all
glass picture tubes or on the glass part 
of the envelope or insulating supports 
for metal picture tubes 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 leak
age 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 
picture tubes and the coated glass' sur-
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face and insulating supports for metal 
picture tubes be kept clean and free 
from dust or other contamination such 
as finger-prints. The frosted Filterglass 
faceplate of the metal picture tubes 
may be cleaned with a soapless deter
gent, such as Dreft, then rinsed with 
clean water, and immediately dried. 

Corona Considerations. A high
voltage system may be subject to co
rona, 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 insulat
ing. 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-
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voltage system may increase the pos
sibility of corona and should be avoided. 

In the metal-shell picture tubes, 
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 
shell 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 nround the body 
of the metal shell. As a further pre
caution to prevent corona, the deflect
ing-yoke surface on the end adjacent 
to the shell should present a smooth 
electrical surface with respect to the 
small end of the metal shell or the 
anode terminal of all-glass tubes. 
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Safety Precautions 

Shock Hazard and 
High Voltage Warning..,.

Receiving Tubes 

Most electron tubes present a shock 
hazard in use because of the voltages 
at which they operate. This hazard ap
plies to all applications and is not re
stricted to high-voltage circuits. There
fore, precautions should be taken 
when servicing equipment in which 
electron tubes are used. 

Some electron tubes, such as high
voltage rectifiers and those used in the 
high-voltage regulators of television re
ceivers, operate with very high electrode 
voltages. Extreme care should be taken 
during testing or adjustment of circuits 
in which such tubes are employed. 
Precautions must be exercised during 
the replacement or servicing of these 
tubes in equipment to assure that the 
high voltage output terminal is prop
erly grounded when the tube is being 
removed from or inserted into its socket 
or when the top cap connector is being 
disconnected or connected. The tube 
and its associated apparatus, especially 
all parts which may be at high-poten
tial with respect to ground, should be 
housed in a protective enclosure. The 
protective housing should be designed 
with interlocks so that personnel can
not possibly come in contact with any 
high-potential point in the electrical 
system. 

It should be noted that high volt
ages may appear at normally low
potential points in the circuit as a 
result of capacitor breakdown or in
correct circuit connections. Therefore, 
before any part of the circuit is 
touched, the power supply switch 
should be turned off and both termi
nals of any capacitor should be 
grounded. 

X-Radiation Warning..,.
Receiving Tubes 

Electron tubes that are operated 
at potentials exceeding several thou
sand volts may emit X-radiation. The 
X-radiation is generated when elec
trons (or ions) which are accelerated 
to high velocities impact with high en
ergy on various parts of the tube's 
structure. Tube types which specify an 
X-radiation characteristic in their pub
lished data are designed and controlled 
for this characteristic. 

X-Radiation is measured in accord
ance with JEDEC Publication No. 67A, 
"Recommended Practice for Meas
urement of X-Radiation from Receiving 
Tubes", and controlled in accordance 
with JEDEC Publication No. 73A, 
"Recommended Practice for Quality 
Control of X-Radiation from High 
Voltage Rectifier and Shunt Regulator 
Receiving Tubes". These publications 
are available from the Electronic In
dustries Association, 2001 Eye St., 
N.W., Washington, D.C. 20006. 

Operation of these devices above the 
maximum values indicated in their 
Maximum Ratings may result in either 
temporary or permanent changes in 
the X-radiation characteristic of the 
tube. Equipment design must be such 
that these maximum values are not 
exceeded. 

The high voltages associated with 
these devices result in production of 
X-radiation which may constitute a 
health hazard on prolonged exposure 
at close range unless the tube is ade
quately shielded. Equipment design 
must provide for this shielding. -

Precautions must be exer~ised dur
ing the servicing of equiphlerit employ-
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ing these devices to assure that the 
high voltage is adjusted to the recom
mended value and that any shielding 
components are replaced to their in
tende:l positions before the equipment 
is operated. 

Shock Hazard Warning
Picture Tubes 

The high voltage at which picture 
tubes are operated may be very dan
gerous. Design of the TV receiver 
should include safeguards to prevent 
the user from coming in contact with 
the high voltage. Extreme care should 
be taken in the servicing or adjust
ment of any high-voltage circuit. 

Caution must be exercised during 
the replacement or servicing of the 
picture tube since a residual electrical 
charge may be contained on the high 
voltage capacitor formed by the ex
ternal and internal conductive coat
ings of the picture tube funnel. To 
remove any undesirable residual high 
voltage charges from the picture tube, 
"bleed off" the charge by shorting the 
anode contact button, located in the 
funnel of the picture tube, to the ex
ternal conductive coating before han
dling the tube. Discharging the high 
voltage to isolated metal parts such 
as cabinets and control brackets may 
produce a shock hazard. 

Tube Handling Precaution
Picture Tubes 

Picture tubes should be kept in the 
shipping box or similar protective con
tainer until just prior to installation. 
Wear heavy protective clothing, in
cluding gloves and safety goggles with 
side shields, in areas containing un
packed and unprotected tubes to prevent 
possible injury from flying glass in the 
event a tube breaks. Handle the pic
ture tube with extreme care. Do not 
strike, scratch, or subject the tube to 
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more than . moderate pressure. On types 
having an integral safety panel, par
ticular care should be taken to pre
vent damage to the seal area and the 
edge of the integral safety panel. 

Implosion Protection
Picture Tubes 

Picture tubes which employ integral 
implosion protection must be replaced 
with a tube of the same type number 
or an RCA recommended replacement 
to assure continued safety. 

X-Radiation Warning
Picture Tubes 

High-voltage electron tubes that 
operate at potentials exceeding several 
thousand volts may emit X-radiation. 
Operation of a tdevision picture tube 
at abnormal conditions may produce 
X-radiation in excess of design limits. 

X-Radiation is measured in accord
ance with JEDEC Publication No. 
64C, "Recommended Practice for 
Measurement of X-Radiation from 
Direct-View Television Picture Tubes." 
This publication is available from the 
Electronics Industries Association, 2001 
Eye St., N.W., Washington, D. C. 
20006. 

For radiation safety when servicing 
a television receiver, it is essential to ad
just the high voltage, using an accurate 
and reliable high-voltage meter, to the 
value specified by the set manufacturer 
following his recommended procedure. 
It is also essential that all external 
shields are properly replaced. In servic
ing a television receiver that requires 
a replacement picture tube, a tube 
with the same type number or an 
RCA recommended replacement tube 
type should be used to assure the same 
or improved integral X-radiation shield
ing. 



THE tube data given in the follow
ing Technical Data section include 

ratings, typical operation values, char
acteristics, and characteristic curves. 

The values for grid-bias voltages, 
other electrode voltages, and electrode 
supply voltages are given with refer
ence to a specified datum point as fol
lows: 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-transformer 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. 

Ratings are established on electron 
tube types to help equipment designers 
utilize the performance and service ca
pabilities of each tube type to best 
advantage. Ratings are given for those 
characteristics which careful study and 
experience indicate must be kept within 
certain limits to insure satisfactory per
formance. 

Three rating systems are in use by 
the electron-tube industry. The oldest 
is known as the Absolute Maximum 
system, the next as the Design Center 
system, and the latest and newest as the 
Design Maximum system. Definitions 
of these systems have been formulated 
by the Ioint Electron Device Engineer
ing Council (JEDEC) and standardized 
by the National Electrical Manufactur
ers Association (NEMA) and the Elec
tronic Industries Association (EIA) as 
follows: 
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Interpretation 

of Tube Data 

Absolute MaximuDl ratings are 
limiting values which should not be 
exceeded with any tube of the specified 
type under any condition of operation. 
These ratings are not used too often 
for receiving types, but are generally 
used for transmitting and industrial 
types. 

Design Center ratings are limiting 
values which should not be exceeded 
with a tube of the specified type having 
characteristics equal to the published 
values under normal operating condi
tions. These ratings, which include al
lowances for normal variations in both 
tube characteristics and operating con
ditions, were used for most receiving 
tubes prior to 1957. 

Design MaximuDl ratings are lim
iting values which should not be ex
ceeded with a tube of the specified type 
having characteristics equal to the pub
lished values under any conditions of 
operation. These ratings include allow
ances for normal variations in tube 
characteristics, but do not provide for 
variations in operating conditions. De
sign Maximum ratings were adopted 
for receiving tubes in 1957. 

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

Heater warm-up time is defined as 
the time required for the voltage across 
the heater to reach 80 per cent of the 
rated value in the circuit shown in Fig. 
124. The heater is placed in series with a 
resistance having a value 3 times the 
nominal heater operating resistance 
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(R = 3 EdI.), and a voltage having a 
value 4 times the rated heater voltage 
(V = 4 E.) is then applied. The warm
lip time is determined when E = 0.8 E •. 

SUPPLY VOLTS 
RMS OR DC=4EF 

EF=RATED HEATER VOLTAGE 
If=RATED HEATER CURRENT 

Fig. I24-Test circlIit for measuring heater 
warm-up time. 

Plate dissipation is the power dissi
pated in the form of heat by the plate 
as a result of electron bombardment 
It is the difference between the power 
supplied 10 the plate of the tube and the 
power delivered by the tube to the load. 

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 ap
plied to tubes having a separate cathode 
terminal and used in applications wh((re 
excessive voltage may be introduced be
tween heater and cathode. 

Maximum de 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 operat
ing conditions involving a rapidly re
peating duty cycle (steady load), the 
average plate current may be measured 
with a dc meter. 

The nomograph shown in Fig. 125 
can be used to determine tube voltage 
drop or plate current for any diode 
unit when values for a single plate
voltage, plate-current condition are 
available from the data. It can also be 
used to compare the relative perveance 
(0 = I./Eb 8/2) of several diodes. Perve
ance can be considered a figure of merit 
for diodes; high-perveance units have 
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lower voltage drop at a 'fixed current 
level. 

Tube voltage drop or plate current 
for a specific diode unit can be deter
mined as follows: First, convenient val
ues are selected for the plate-voltage 
and plate-current scales of the nomo
graph. The published plate-current and 
plate-voltage values are then located on 
the scales and connected with a straight 
edge. The intersection of the connect
ing line wilh the perveance scale is then 
used as a pivot point to determine the 
value of tube voltage drop correspond
ing to a desired current value, or the 
value of plate current corresponding to 
a desired tube voltage drop. Because 
the pivot point for a specific diode 
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Fig. 125-Diode perveallce nomograph. 

unit represents its perveance, the pivot 
points for several units (plotted to the 
same scales) can be used to compare 
their relative perveance. 



INTERPRETATION OF TUBE DATA 

For example, type 5U4GB has a 
tube voltage drop (per plate) of 44 volts 
at a plate current of 225 milliamperes. 
Convenient scales for this type are from 
1 to 100 volts for plate voltage and 
from 10 to 1000 milliamperes for plate 
current. The points 44 volts and 225 
milliamperes are then connected with a 
straight line to determine the pivot 
point. Using this pivot point, it is easy 
to determine such values as a plate 
current of 150 milliamperes at a tube 
voltage drop of 33 volts, or a voltage 
drop of 25 for a current of 100 mil
liamperes. 

For readings in the order of one 
volt and/or one milliampere, the nomo
graph is not accurate because of the 
effects 0 f contact potential and initial 
electron velocity. 

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 avail
able 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 as 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, measure it with a peak
indicating meter or use an oscillograph. 

Maximum peak inverse plate volt
age is the highest instantaneous plate 
voltage which the tube can withstand 
recurrently in the direction opposite to 
that in which it is designed to pass cur
rent. For mercury-vapor tubes and gas
filled· tubes, it is the safe top value to 
prevent arc-back in the tube operating 
within the specified temperature range. 

Referring to Fig. 126, 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 
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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 
voltage is limited by the resistance and 
nature of the path between plate Band 
filament. The maximum value of this 
voltage at which there is no danger of 
breakdown of the tube is known as 
maximum peak inverse voltage. 

+ 

Fig. 126-Schematic diagram 01 lull-wave 
rectifier tube al/ll circuit connections. 

The relations between peak inverse 
voltage, rms value of ac input voltage, 
and dc 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 volt
age for the rectifier tube. A calibrated 
cathode-ray 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 input and with no ca
pacitor across the output, the peak in
verse voltage on a rectifier tube is ap
proximately J.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 in
put to the filter, the peak inverse volt
age may be as high as 2.8 times the 
rms value of the applied plate voltage. 
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In polyphase circuits, mathematical de
termination of peak inverse voltage re
quires the use of vectors. 

The Rating Chart for full-wave 
rectifiers presents graphically the rela
tionships 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 pres
entation provides for considerable lati
tude in choice of operating conditions. 

The Operation Characteristics for 
a full-wave rectifier with capacitor-input 
filter show by means of boundary line 
the limiting current and voltage rela
tionships presented in the Rating Chart. 

The Operation Characteristics for 
a full-wave rectifier with choke-input 
filter not only show by means of bound
ary line the limiting current and volt
age relationships presented in the Rating 
Chart, but also give some information 
as to the effect on regulation of various 
sizes of chokes. The solid-line curves 
show the dc voltage outputs which 
would be obtained if the filter chokes 
had infinite inductance. 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 behaves 
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 rep
resentative short-dash regulation curves. 

Typical Operation Values. Values 
for typical operation are given for many 
types in the Technical Data section. 
These typical operating values are given 
to serve as 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 maxi
mum ratings, according to the appli
cation. 

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

Characteristics are covered in the 
Electron Tube Characteristics section 
and such data should be interpreted in 
accordance with the definitions given 
in that section. Characteristic curves 
represent the characteristics of an aver
age tube. Individual tubes, like any· 
manufactured product, may have char
acteristics that range above or below 
the values given in the characteristic 
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 capacitances are di
rect capacitances measured between 
specified elements or groups of elements 
in electron tubes. Unless otherwise indi
cated 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, ex
cept the output electrode, connected 
together is commonly known as the 
input capacitance. The capacitance 
between the output electrode and all 
other electrodes, except the input elec
trode, connected together is known as 
the output capacitance. 

Hum and noise characteristics of 
high-fidelity audio amplifier tube types 
such as the 7025 and the 7199 are tested 
in an amplifier circuit such as that 
shown in Fig. 127. The output of the 
test circuit is fed into a low-noise am
plifier. The bandwidth of this amplifier 
depends on the characteristic being 
measured. If hum alone is being tested, 
a relatively narrow bandwidth is used 
to include both the line frequency and 
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the major harmonics generated by the 
tube under test. In noise or combina
tion hum-and-noise measurements, the 
bandwidth is defined in the registration 
of the tube type. 

Fig. 127-Test circuit for measuring hum 
and lIoise characteristics of high-fidelity 

audio-amplifier IlIbes. 

The amplifier gain is calibrated so 
that the vacuum-tube voltmeter meas
ures hum and noise in microvolts refer
enced to the grid of the tube under test. 
Apentode can also be evaluated in 
this manner by the addition of a screen
grid supply adequately bypassed at the 
tube screen-grid pin connection. Power
supply ripple at the plate of the tube 
under test must be negligible compared 
to its hum and noise output. Extraor
dinary shielding of both the test socket 
and the associated operating circuit is 
required to minimize capacitances be
tween heater leads and high-impedance 
connections. 
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The test-circuit components are de
termined by the tube type being tested 
and the type of hum to be eontrolled. 
Heater-cathode hum can be eliminated 
from the measurement by closing the 
switch S. The circuit can also be made 
more or less sensitive to heater-grid 
hum by increasing or decreasing the 
grid resistance RI<. No circuit changes 
affect the component of magnetic hum 
generated by the tube. 

Grid-No. 2 (Screen·grid) 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 as a result of electron 
bombardment. With tetrodes and pent
odes, the power dissipated in the screen
grid circuit is added to the power in 
the plate circuit to obtain the total 
B-supply input power. 

When the screen-grid voltage is 
supplied through a series voltage-drop
ping resistor, the maximum screen-grid 
voltage rating may be exceeded, pro
vided the maximum screen-grid dissipa
tion rating is not exceeded at any 
signal condition, and the maximum 
screen-grid voltage rating is not ex
ceeded at the maximum-signal condi
tion. Provided these conditions are 
fulfilled, the screen-grid supply voltage 
may be as high as, but not above, the 
maximum plate voltage rating. The 
rating chart on page 300 shows the re
lationship between the maximum per
missible input power to the screen grid 
and the screen-grid supply voltage. 
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Electron Tube Testing 

THE electron-tube user-service
man, experimenter, or non-technical 

radio listener-is interested in know
ing the condition of his tubes, since 
they govern the performance of the 
device in which they are used. In or
der to determine the condition of a 
tube, some method of test is necessary. 
Because the operating capabilities and 
design features of a tube are indicated 
and described by its electrical charac
teristics,a tube is tested by measuring 
its characteristics and comparing them 
with values established as standard for 
that type. Tubes which read abnorm
ally high with respect to the standard 
for the type are subject to criticism 
just the same as tubes which are too 
low. 

Certain practical limitations are 
placed on the accuracy with which a 
tube test can be correlated with actual 
tube performance. These limitations 
make it impractical for the service man 
and deaier to employ complex and 
costly testing equipment having labora
tory accuracy. Because the accuracy of 
the tube-testing device need be no 
greater than the accuracy of the correla
tion between test results and receiver 
performance, and since certain funda
mental characteristics are virtually fixed 
by the manufacturing technique of lead
ing tube manufacturers, it is possible to 
employ a relatively simple test in order 
t9 determine the serviceability of a tube. 

In view of these factors, dealers 
and servicemen will find it econom
ically expedient to obtain adequate 
accuracy and simplicity of operation by 
employing a device which indicates the 
status of a single characteristic. Whether 
the tube is satisfactory or unsatisfactory 
is judged from the test result of this 
single characteristic. Consequently. it is 
very desirable that the characteristic se· 
lected for the test be one which is truly 
representative of the tube's over-all con 
dition. 

The following information and dr· 

cuits are given to describe and illustrate 
general theoretical and practical tube
tester considerations and not to provide 
information on the construction of a 
home-made tube tester. In addition to 
the problem of determining what tube 
characteristic is most representative of 
performance capabilities in all types of 
receivers, the designer of a home-made 
tester faces the difficult problem of de
termining satisfactory limits for his par
ticular tester. Getting information of 
this nature, if it is to be accurate and 
useful, is a big job. It requires the test
ing of many tubes of each type, testing 
of many types, and correlation of the 
data with performance in many kind!! 
of equipment. 

Short-Circuit Test 
The fundamental circuit of a short· 

circuit tester is shown in Fig. 128. Al
though this circuit is suitable for tet-

Fig. 128-Fundamental circuit of a short 
circuit lester. 

codes and types having less than four 
electrodes, tubes of more electrodes may 
be tested by adding more indicator 
lamps to the circuit. Voltages are ap
plied between the various electrodes 
with lamps in series with the electrode 
leads. The value of the voltages applied 
will depend on the type of tube being 
tested and its maximum ratings. Any 
two shorted electrodes complete a cir
cuit and light one or more lamps. Since 
two electrodes may be just touching to 
give a high-resistance short, it is de-
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sirable that the indicating lamps operate 
on very low current. It is also desirable 
to maintain the filament or heater of the 
tube at its operating temperature during 
the short-circuit test, because short
circuits in a tube may sometimes occur 
only when the electrodes are heated. 
However, a short-circuit tester having 
too high a sensitivity may indicate very
high-resistance shorts that do not ad
versely affect tube operation. 

Selection of a Suitable 
Characteristic for Test 

Some characteristics of a tube are 
far more important in determining its 
operating worth than are others. The 
cost of building a device to measure 
anyone of the more important charac
teristics may be considerably higher 
than that of a device which measures a 
less representative characteristic. Conse
quently, three methods of test will be 
discussed, ranging from relatively sim
ple and inexpensive equipment to more 
elaborate, more accurate, and more 
costly devices. 

An emission test is perhaps the 
simplest method of indicating a tube's 
condition. (Refer to Diodes, in Elec
trons, Electrodes, and Electron Tubes 
section, for a discussion of eJec
tron emission.) Since emission falls 
off as the tube wears out, low emis
sion is indicative of the end of tube 
serviceability. However, the emission 
test is subject to limitations because 
it tests the tube under static conditions 
and does not take into account the ac
tual operation of the tube. On the one 
hand, coated filaments, or cathodes. 
often develop active spots from which 
the emission is so great that the rela
tively small grid area adjacent to these 
spots cannot control the electron stream. 
Under these conditions, the total emis
sion may indicate the tube to be normal 
although the tube is unsatisfactory. On 
the other hand, coated types of fila
ments are capable of such large emis
sion that the tube will often operate 
satisfactorily after the emission has 
fallen far below the original value. 

Fig. 129 shows the fundamental 
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circuit diagram for an emission test. All 
of the eJectrodes of the tube, except the 
cathode, are connected to the plate. The 
filament, or heater, is operated at rated 
voltage; after the tube has reached con-

Fig. 129-Fundamental circuit of an 
elniss;on fester 

stant temperature, a low positive volt
age is applied to the· plate and the 
electron emission is read on the meter. 
Readings which are well below the 
average for a particular tube type in
dicate that the total number of available 
electrons has been so red uced that the 
tube is no longer able to function 
properly. 

A transconductance test takes into 
account a fundamental operating prin
ciple of the tube. (This fact will be seen 
from the definition of transconductance 
in the Section on Electron Tube Char
acteristics.) It follows that transcon
ductance tests, when properly made, 
permit better correlation between test 
results and actual performance than 
does a straight emission test. 

There are two forms of transcon
ductance test which can be utilized in a 
tube tester. In the first form (illustrated 
by Fig. 130 giving a fundamental circuit 
with a tetrode under test), appropriate 

Fig. l30-Fundal1lental cirCllit of a trans
conductance tester using the "grid-shift" 

method. 
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operating voltages are applied to the 
electrodes of the tube. A plate current 
depending upon the electrode voltage~ 
will then be indicated by the meter. If 
the bias on the grid is then shifted by 
the application of a different grid volt
age, a new plate-current· reading is ob
tained. The difference between the two 
plate-current readings is indicative of 
the transconductance of the tube. This 
method of transconductance testing is 
commonly called the "grid-shift" meth
od, and depends on readings under static 
conditions. The fact that this form of 
test is made under static conditions im
poses limitations not encountered in the 
second form of test made under dy
namic conditions. 

The dynamic transconductance test 
Illustrated in Fig. 131 gives a funda
mental circuit with a tetrode under test. 
This method is superior to the static 
transconductance test in that ac voltage 

Fig. 13I-Fundamental circuit of a 
dynamic transconductance tester. 

is applied to the grid. Thus, the tube is 
tested under conditions which approxi
mate actual operating conditions. The 
alternating component of the plate cur
rent is read by means of an ac ammeter 
of the dynamometer type. The trans
conductance of the tube is equal to the 
ac plate current divided by the input
signal voltage. If a one-volt rms signal 
is applied to the grid, the plate-current
meter reading in milliamperes multiplied 
by one thousand is the value of trans
conductance in micromhos. 

The power-output test probably 
gives the best correlation between test 
results and actual operating perform
ance of a tube. In the case of voltage 
amplifiers, the power output is indica
tive of the amplification and output 
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voltages obtainable from the tube. In 
the case of power-output tubes, the per
formance of the tube is closely checked. 
Consequently, although more compli
cated to set up, the power-output test 
will give closer correlation with actual 
performance than any other single tegj. 

Fig. 132 shows the fundamental 
circuit of a power-output test for class 
A operation of tubes. The diagram illus
trates the method for a pentode. The ac 
output voltage developed across the 

'N911 

Fig. I32-Fundamental circuit of a power
output tester for class A operation of tubes. 

plate-load impedance (L) is indicated by 
the current meter. The current meter is 
isolated as far as the dc plate current is 
concerned by tlU: capacitor (C). The 
power output can be calculated from 
the current reading and known load 
resistance. In this way, it is possible to 
determine the operating condition of the 
tube quite accurately. 

Fig. 133 shows the fundamental 
circuit of a power-output test for class 

- (!J'l'. 
Fig. 133-Fundamental circuit of a power
Oll(plll tester for class B operation of tubes. 

B operation of tubes. With ac voltage 
applied to the grid of the tube, the 
current in the plate circuit is read on 
a dc milliammeter. The power output 
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of the tube is approximately equal to: 
(Ib" X RL)/O.40S, 

where P .. is the power output in watts, 
I .. is the dc current in amperes, and R" 
is the load resistance in ohms. 

Essential Tube-Tester 
Requirements 

1. The tester should provide for 
making a short-circuit test before meas
urement of the tube's characteristics. 

2. It is important that some means 
of controlling the voltages applied to the 
electrodes of the tube be provided. If 
the tester is ac operated, a line-voltage 
control permits the supply of proper 
electrode voltages. 

3. It is essential that the rated volt
age applied to the filament or .heater be 
maintained accurately. 

4. It is suggested that the char
-acteristics test follow one of the meth
. ods described. The method selected and 
the quality of the parts used in the test 
will depend upon the user's require
ments. 

Tube-Tester Limitations 
A tube tester can only indicate the 

difference he tween a tube characteris
tic and those which are standard for 
that type. Because the operating condi
tions imposed upon a tube may vary 
within wide limits, it is impossible for 
a tube tester to evaluate tubes for all 
applications. 

Commercially available tube check
ers vary widely in purpose, perform
ance, and significance of results. They 
range from relatively inexpensive port
able units to costly laboratory-quality 
instruments. Design trade-offs are made 
by tube checker manufacturers to pro
vide a product simple to operate, 
capable of testing a wide variety of 
tube types, and in some cases, low in 
cost. Accuracy of readings, complete
ness of testing, and even proper testing 
conditions for certain tube types are 
sometimes sacrified in these trade-offs. 
Recognition of the individual tester 
limitations are absolutely necessary be
fore valid judgments on tube quality 
can be made from test results. 

Tube checkers generally make two 
types of evaluations: tests for inter-
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element shorts (leakage) and an elec
trical test of quality that is either an 
ac cathode-emission test or a more 
complex large-signal transconductance 
test. 

The shorts or leakage tests are 
often more sensitive than those of the 
tube manufacturer and also, in some 
cases more stringent than circuit appli
cation requirements. Leakage sensitiv
ity of 100 megohms between elements 
is available in some tube checkers. 
Some can be adjusted by the user to 
even higher sensitivities. Many tube 
checkers tie several elements together 
to test many parallel paths in a single 
test position. As a result, multiple paths 
having individual inter-element leakage 
resistances which are acceptable re
sult in parallel combinations which 
cause the tube to read as defective. 

Quality-test interpretations must be 
tempered by knowledge of the character 
of the quality test. Large-signal trans
conductance (gm) often does not corre
late with small-signal transconductance, 
or the control limits for applications 
that require this characteristic. Cathode 
emission, as read on many tube check
ers, is a function of both the emitting 
capability of the cathode and the me
chanical spacing of the tube's internal 
parts. While high cathode emitting 
capability is generally desirable for all 
tubes, a high emission reading obtained 
by close mechanical spacing of parts 
can result in a false indication of good 
quality. In addition, high or low indi
cations in a tube checker are often 
caused by compromise test conditions 
rather than the quality of the tube be
ing tested. 

The set-up instruction and charts 
furnished by the tester manufacturer 
establish the conditions and limits 
which the tester manufacturer consid
ers adequate for the tube types evalti
ated. These conditions and limits are 
usually established independently of 
the tube manufacturer and without con
sideration of application requirements. 

The tube tester cannot be looked 
upon as a final authority in determin
ing whether or not a tube is satisfac
tory. An actual operating test in the 
application will give. the best possible 
indication of a tube's worth. 
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Application Guide 
for RCA Receiving Tubes 

In the Application Guide on the 
following pages, RCA receiving tubes 
are classified in two ways: (a) by func
tion, and (b) by structure (diode, triode, 
etc.). The functional classification covers 
27 principal types of application, as 
listed below. 

Tube types are grouped by struc
ture under each classification; they are 
also keyed to indicate miniature, octal, 
nuvistor, duodecar, and novar types. 

Triodes are designated as [ow-, 
medium-, or high-mu types on the fol
lowing basis: low, less than 10; medium, 
10 or more, but less than 50; high, 50 

or more. Where applicable, tubes are 
designated as sharp-, semiremote-, or 
remote-cutoff on the basis of the ratio, 
in per cent, of the negative control-grid 
voltage to the screen-grid voltage (or, 
for triodes, the plate voltage) for cut
off, as given in the characteristics or 
typical operation values. These terms 
are defined as follows: sharp,less than 
10 per cent; semiremote, 10 or more, 
but less than 20 per cent, remote, 20 
per cent or more. 

For more complete data on these 
types, refer to the Technical Data For 
RCA Receiving Tubes. 

APPLICATIONS 
I. Audlo.Frequenc7 

Amplifiers 
1. Automatic Gain Control 

Circuits (AGC and AVC) 
3. Blankers 
4. Burst Amplifiers 
5. Chroma Amplifiers 
6. Color KUlers 
7. Color Matrixing Circuits 
S. ·Dampers 
9. Demodulators (Color TV) 

10. Detectors (AM) 
11. Discriminators (Detectors) 
11. Horizontal-Deflection 
13. Intermediate-Frequency Amplifiers 
14. Limiters 

1. AUDlO·FREQUENCY 
AMPLIFIERS 

Voltage Amplifiers 

Medium-Mu Triode-Sharp-Clltotl Pentode 
• 7199t 

lVJedium-Mu Twin Triode 
e 6SN7GTB e12SN7GTA 
.12AU7A/ECCS1 

IS. Pentagrid Converters 
16. Mixer-oscUlators-RF 
17. Multlvibrators 
IS. OscDlators 
19. Phase Splitters 
10. Radio-Frequency 

Amplifiers 
11. Reactance Circuits 
12. Rectifiers (V scuum) 
13. Regulators (High Voltage) 
24. Sync Separators and Amplifiers 
25. Tuning Indicators 
26. VerticaI-Deflection 

Circuits (OsclUator and 
Amplifier) 

27. Video Amplifiers 

Twin Diode-High-MII Triode 
.4AV6 .6BN8 .l1AV6 
• 6A T6 • 8BN8 • 14GT8 
.6AV6 .l1AT6 

Triple Diode-High-Mu Triode 
• 5T8 • 6T8A • 19T8 

• Mlnlatllre o Octal t For high-fidelity equipment 
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High-Mil Twill Triode 
.6EU7t • 11.AX7A/ 
o 6SL7GT ECC83t 

Sharp-Clltolf I'elltode 
• 6AU6A • S879t 
• 6HS6 • 7S43t 

012SL7GT 
• 702St 

Power Amplifiers 

Ileant Power Tllbe 
• SAQS 06Y6GA/6Y6G 
• 6AQSA • 11DSS 
• 6AS5 • tzAB5 
• 6CU5 • 11.AQ5 
• 6DS5 • l1CA5 
• 6GC5 • 12CU5/11.CS 
'" 6L6 0 12V6GT 
o 6L6GCt 0 12W6GT 
o 6V6GTA • 17CUS/17CS 
06W6GT 

·2SCS 
• 35C5 
• SOCS 
0S0L6Gl' 
• 6973t 
• 7027At 
o 73SSt 
o 7408t 
o 7581At 

lIeam Power 
:j:6ADIO 
:j:6ALtl 

l'lIbe-Sharl>-Cutolf Pelltode 
:j: 6T10* :j: 12BF11 * 
:I: 11.ALII :j: 17BF11* 

:j: 6BF11* 

I'ower Pelltode 
.6BQ5/EL34 
·6EH5 
06F6 
·6GK6 
06K6GT 
.8BQ5 

·IOBQS 
·10GK6 
• 12FX5 
• 16GK6 
• 19FX5 
• 25EH5 

• 35EH5 
·50EH5 
·60FXS 
• 7189t 
47868t 
o 7S91A 

2. AUTOMATIC GAIN CONTROL 
CIRCUITS (AGC & A VC) 

Twin Diode-High-Mu Triode 
.4AV6 .6AV6 .I2AV6 
·6AT6 .12AT6 

Medlum-Mu 
·5AN8 
·5GH8A 
·6AN8A 

Triode-Sharp-Clltolf I'entode 
• 6AZ8 • 6GH8A 
• 6BA8A • 9GH8A 

High-Mil Triode-Shar)J-Cutolf 

• 6A W8A • 6LC8 
• 6HF8 • 8A W8A 
.6JV8 .8JV8 
·6KA8 

Sharp-Clltolf Twin Pentode 
• 3BU8/ • 4HS8 

3GS8 .6BU8 

Shar)J-Cutolf Pentode* 
·6GY6/6GX6 

I'elltagrld Amplifier 
.3BY6 .4CS6 
• 3CS6 • 611Y6 

Pentode 
·8KA8 
·8LC8 
.lOHF8 

.6HS8 

·6CS6 
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3. BLANKERS 

Medium-Mu Trlode-Sharp-Cutolf Pentode 
• SGH8A • 6MQ8 • 9GH8A 
·6GH8A 

Medium-Mu Twin Triode 

·6FQ7/6CG7 ·8FQ7/8CG7 • 1211H7A 
• 6GU7 • 8GU7 • 12FQ7 

Medium-Mu Triode-Semiremote-Cutolf 
Pentode 

·6LM8 

High-Mu Triode-Sharl>-Cutolf I'elltode 
.6KT8 

4. BURST AMPLIFIERS 

Medium-Mil Triode-Sharp-Clltolf Pentode 

• SEA8 • 6EA8 • 9GH8A 
• SGH8A • 6GH8A • 19EA8 

Medium-Mil Triode-Semiremote-Clltolf 
Pentode 

.6LM8 .6MU8 

Twill Diode-High-Mu Triode 
• 6BN8 • 811N8 

Sharp-Cutolf Pentode 
• 3CB6/3CF6 • 4EW6 
• 3JC6A • 4JC6A 
·4CB6 • SEW6 

• 6CB6A/6CF6 
·6EW6 
·6JC6A 

S. CHROMA AMPLIFIERS 

Medium-Mil Triode-Sharp-Clltolf Pentode 
• SGH8A • 6HL8 • 9GH8A 
• 6GH8A • 6MQ8 

High-Mu Triode-Shar)J-Clltolf Pentode 

• 6A W8A • 6LF8 
• 6KT8 • 8A W8A 

Medinm .. Mu Twin Triode 
.6FQ7/6CQ7 ·8FQ7/8CG7 
.6GU7 ·8GU7 

6. COLOR KILLERS 
Qlladrlll>le niode 
• 6JU8A • 8JU8A 

• J2BH7A 
• l1FQ7 

Medillm-MII Triode-Sharp-Clltolf I'elltode 
• SGH8A • 6MQ8 • 9GH8A 
·6GH8A 

High-Mil Triode-Sharp-Clltolf Pentode 
·6KT8 

• Miniature :j: Duodeear '" Octal ""Novar * Dual-control grids t For high-fidelity 
eqllipment 
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7. COLOR MATRIXING CIRCUITS 
Medillm-MII Twin Triode 

.6FQ7/6CG7 ·8GU7 • 12FQ7 
• 6GU7 • 12AZ7 
.8FQ7/8CG7 • 12BH7A 

Medlum-Mu Triode-Sharp C.itolf Pelltode 
• SGH8A • 6GH8A • 9GH8A 

Medlum-Mu Triple Triode 
A6MD8 :j:6MJ8 ... 12MD8 

High-Mil Trlille Triode 

*6MN8 

Twin Pentode 
.6LE8 • IOLE8 

Quadruple Diode 
• 6JU8A • 8JU8A 

Sharp-Cutolf Pentode 
• 3CB6/3CF6 • 6CB6A/6CF6 
·4CB6 

8. DAMPERS 
Half-Wave (Diode) 

o CiAU4GTA 06DM4A/ 
o 6AX4GTB 6DA4 
A6BA3 A6DN3 
:j: 6BEl A 6DW4B 
A 6BS3A • 12AF3/ 
=I: 6CE3/6CD3/ 12BRJ/ 

6DT3 12RKI9 
:I: 6CG3/6BW3/ 012AX4GTB 

6DQ3 A 12A Y3A 
A 6CJ31 :I: 12BE3 

6CH3 ... 12BS3A/ 
... 6CL3/ 12DW4A 

6CK3 A 12CLJ 
A 6CM3 A 12CMJ 
o /iDE4/ A 12DL3 

6CQ4 017AX4GTA 
"'/iDLJ AI7AY3A 

.ISLE8 

:I: 17BE3/ 
17BZ3 

• 17BR3/ 
17RKI9 

"'17BS3A/ 
17DW4A 

:j: 17BW3 
·17CT3 
017DE4 
017DM4A 
A 19DK3 * 22BW3 
022DE4 
• 25CT3 
A25DLJ 
:j: 34CE3 

Half-Wave (Diode)-Horizontal-Deftedion 
Amplifier 

:I: 33GY7A :j: 38HK7 :j: 53HK7 
:I: 38HE7 :j: SOGY7A 

9. DEMODULATORS (COLOR TV) 
Medlllm-MII Twin Triode 

• 12BH7A • lZAZ7A 

Medlllm-MII Triode-Sbarp-Cutolf Pentode 

: ~::~ • 6MQ8 • 9GH8A 

Hlgh-Mn Twin Triode 
• 12AZ7A 

Sharp-Cutolf Pentode* 
• 5HZ6 • 6GY6/6GX6 :I: 12BV11 
:I: 6BV 11 • 6HZ6 

RCA RECEIVING TUBE MANUAL 

Pelltagrid Amplifier 
.6BY6 

Twill Pelltode 
• 4MK8A • 6Mic8A 
.6LE8 .IOLE8 

"eam DeHedion Tube 
.6JH8 ·6ME8 

10. DETECTORS (AM) 
Iliode-Sharp-Cntolf Pentode 

• SAM8 • 6AM8A 

1'win Diode 
·3ALS • liALS 

Twill Iliode-Hillh-MII Triode 
.4AV6 .6BN8 
• liAT6 .6CN7 
.6AV6 .8BN8 

'I'rillle Illode-Hlgh-MII Triode 
.51'8 .6T8A 

QUlldrul.le Diode 
• 6JU8A • &JU8A 

11. DISCRIMINATORS 
(DETECTORS) 

'l'will Iliode 
·3ALS 

FM 

·6AL5 

Twill Diode-High-MII Triode 
·6BN8 

'friple Diode-High-MII Triode 
.51'8 ·6T8A 

Beam Tllbe 
.3BN6 ·4BN6 

• ISLE8 

·6AS8 

• 12AL5 

• 12A'f6 
• 12AV6 
• 14GT8 

• 19T8 

• 12AL5 

• 19T8 

• liBNIi/ 
6KS6 

Beam Power Tllbe-Sharp-Cutolf Pentode 
:j: 6AD10 :j: 61'10 :j: 12BFll 
:I: 6AL11 :I: 6Z10/6JlO :j: 13Z10/13J10 
:j: 6BFll * 12ALll :j: 17BFlJ 

FM Quadrature-Grid 
Sharp-Cutolf Pentode* 

• 3DT6A • 5HZ6 
• 4DT6A • 6DT6A 

"eam Tube 

• 3BN6 .4BN6 

·6GY6/6GX6 
·6HZ6 

.6BNIi/ 
6KS6 

• Mlnlatllre o Odal A Nuvlstor "Novar * Duodeear * Dual control grids 
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Horizontal AFC 
Twin Dlode-Hlgh-Mu Triode 

.6BN8 
·6CN7 

·8BN8 • SCN7 

Twin Dlode-Medlum-Mu Twin Triode 
:j: 6B10 :j: 8B10 

Twin Diode-Shari' Cutoff I'eutode 
.6LT8 .8LT8 • 111:1'8 

12. HORIZONTAL-DEFLECTION 

Oscillators 

Medium-Mil Triode-Sharl.-Culoff Pentode 
• SGH8A • 6GH8A • 9GH8A 

Twin Dlode-Medlum-Mu Twin Triode 
:j: 6B10 :j: 8B10 

Three Unit Triode 
:j:6U10 

Medium-Mu Twin Triode 
·6FQ7/6CG7 • 12AU7A/ 
o 6SN7GTB ECC82 
• 8FQ7/8CG7 • 12BH7A 

.12FQ7 
012SN7GTA 

Horizontal-Deflection Amplifiers 

Beam l'ower Tube 
o 6AUSGT :j: 6KN6 
o 6AVSGA :j: 6LB6 
o 6BQ6GTB/ :1: 6LR6 

6CU6 46ME6 
o 6CBSA 4 6M.J6/ 
o 6CD6GA 6LQ6/ 
o 600S 6JE6C 
.. 6GlSA 0 12A VSGA 
"6GTSA 
o 6GW6/ 0 12BQ6GTB/ 

12CU6 
6DQ6B .. 12.JB6A 

.. 61B6A , 121T6A 
, 61F6 
'61G6A ' 17GlSA 

'17GTSA 
:j: 6JM6A '" 17GW6/ 
, 6JR6 17DQ6B 
:j: 6JS6C '17JB6A 
'6JT6A , 17JG6A 
'6JU6 :j: 171M6A 
.. 6KM6 '17JT6A 

.. 22.JF6 
4221G6A 
'221R6 
'22KM6 
424LQ6/ 

24JE6C 
02SAVSGA 
02SBQ6GTB/ 

2SCU6 
o 2SC06GB 
01SDN6 
:j: 31JS6C 
'31LQ6 
431LZ6 
1: 3SLR6 
:j:36KD6/ 

40KD6 
436MC6 
:~ 38HK7 
:j: 41KN6 

13. INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

Medium-Mu 

• SAN8 
• SGH8A 
.6AN8A 
·6AU8A 

• Miniature 

Triode-Sharl.-Cutoff Pentode 
.6AZ8 ·6MQ8 
• 6BA8A • 8AU8A 
• 6HL8 • 9GH8A 
.6GH8A 

'" Octal ... Novar 

lIigl.-Mu Triode-Sharp-Cutoff 
.6AW8A .6KV8 
.6EB8 ·6MV8 
.6GN8 .8AW8A 
• 6HF8 • 8GN8/ 
.6.JV8 8EB8 
.6KT8 ·8JV8 

Sharp-Cutoff Pentotle 
·3AU6 .4EW6 
• 3BCS/ • 4JC6A 

JCES .4J06 
• 3CB6! • SEW6 

3CF6 .6AGS 
·30K6 

3JC6A • 6AKS/ 
• EF9S 
• 3.JD6 • 6AU6A 
·4AU6 • 6BCS! 
·4CB6 6CES 
• 40E6 • 6CB6A/ 
.40K6 6CF6 

Oiode-8harl.-Cutoff Penlode 
• SAM8 • 6AM8A 

Semiremote-Cutoff Pentode 
.3BZ6 .41H6 
• 3EH7! • 4KT6 

XF183 • SGM6 
.3KT6 .6BZ6 
·4BZ6 • 6EH7! 
• 4EH7/ EF183 

LF183 

Remote-Cutolf Peutode 

• 6BA6/ • 11BA6 
EF93 

14_ LIMITERS 

·3AU6 
• 3BCS/3CES 
·3CB6/3CF6 
·3DK6 
·31C6A 
·4AU6 
·4CB6 
·40E6 
·4DK6 
·4EW6 
·41C6A 

·4JD6 
• SEW6 
·6AGS 
·6AKS/ 

EF9S 
·6AU6A 
• 6BCS/ 

6CES 
·6CB6A/ 

6CF6 
·6DC6 
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Pentode 
.10GN8 
• 10HF8 
• 10JA8/ 

10LZ8 
• llKV8 

·60C6 
·6DE6 
·60K6 
·6EJ7/ 

EF184 
·6EW6 
.611S6 
.61C6A 
.6JD6 
.12AU6 
.120K6 

·6AS8 

·6GM6 
·6HR6 
.61H6 
.6KT6 
• 12BZ6 
.19HR6 

·60E6 
·60K6 
• 6E.J7/ 

EF184 
·6EW6 
·6HS6 
·6JC6A 
·6J06 
• 12AU6 
• 120K6 

15. PENTAGRID CONVERTERS 

·6BA7 • 6BE6 • 12BE6 

16. MIXER-OSCILLATORS-RF 

Medlum-Mu Triode-8harl.-Cntoff Tetrode 
• SCL8A • 6CL8A • 19JN8/ 

• 6CQ8 19CLSA 

t Duodecar * Dual-coutrol IIrids 
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Medium-Mu Trlode-Sharp-Cllfoff Pellfode 
o 408 • 5V8 • 6KZ8 
o 5AT8 0 5X8 0 6V8AI 
o 5B8 0 6AT8A 6KD8 
o !BR81 • 6BR8AI • 6X8A 

5FV8 6FV8A' 9KZ8 
o 5CG8 • 6EA8 • 9V8A 
o 5EAB • 6FG7 • 19EAB 
o 5FG7 • 6HB7 0 19XB 
.5KE8 .6KE8 

High-Mil Twin TrIode 
• mT8 • 12AT71 

ECC81 
• IlDT8 

17. MULTIVIBRATORS 

Medium-Mil Trlode-Sharp-Cntolf Pentode 
o 5GH8A • 6GH8A • teH8A 

Medium-Mil Twin TrIode 
• 5J6 • 8FQ7/SCG7 

6FQ7/6CG7 ·8GV7 
.6GV7 .9AV7 
• 6J6A • IlAV7AI 
o 6SN7GTB ECC82 
.7AV7 

High-Mu Twin Triode 
• 12AX7 AI ECC83 

18. OSCILLATORS 

• 12BH7A 
012SN7-

GTA 
• 12FQ7 
• 19J6 

Radio Frequellcy-UHF 
Medlum-Mu Triode 
• 2AF4BI • 3AF4AI 

2DZ4 3Dz4 
A 2DV4 • 6AF4AI 

6DZ4 

"6DV4 
·mZ4 

Rcidio FrequeTlcy-VHF 
Medium-Mil Twlu Triode 
• 5J6 • 6J6A • 19J6 

High-Mil Triode 
.6AB4 

Power 1'riode 
• 6C4 (Class C) 

3.58-MHz (Color TV) 
Medium-Mil Triode-Sharp-Clltoff Pentode 

• 5GHBA • 6GHBA • teH8A 

High-Mu Triode-Sharp-Cllfolf Pentode 
·6KT8 

19. PHASE SPLITTERS 

Medillm-Mu Twin TrIode 
• 6FQ7/6CG7 • 8FQ7/SCG7 
o 6GU7 • SGU7 
o 6SN7GTB 0 9AV7 
o 7AV7 • 12AV7AI 

ECC82 

• 12BH7A 
• 12FQ7 
e12SN7-

GTA 

RCA RECEIVING TUBE MANUAL 

High-Mu Trlude-Sharp-Cutolf Penfode 
.IOGN8 
• IOHF8 
.IOlA81 

o 6AW8A • BAW8A 
" 6EB8 0 BGN81 
'6GN8 BEBB 
o 6HF8 

High-Mu Twin TrIode 
e 6SL7GT • 12AX7AI 

ECC83 

IOLZ8 

el2SL7GT 
.7025 

Medlum-Mu Trlude-Sharp-Cutolf Penfode 
• 5EA8 • 6GH8A • 71991' 
: :~r:A • teH8A • 19EAIt 

20. RADIO-FREQUENCY 
AMPLIFIERS 

Medium-Mn TrIode 
• 2BN4A • 6BC4 
.3BN4A 

.6BN4A 

Medium-Mil Trlode-Sharp-Clltolf Tetrode 
.6CQB 

Medium-Mil Twin TrIode 
• 4BCB " 5BQ7A 
• 4BQ7AI • 6BCBI 

4BZ7 6BZ8 
.5BK7A .6BK7B 

High-Mu Triode 
42CW4 
42DS4 
42EG4 
• 2FH5 
.2GKSI 

2FQ5A 
·2HM5/ 

2RA5 
• 2HQ! 
·3EKS 

.3FH5 
" 3GKS 
·3HM5/3HA5 
• 3HQ5 
• 4GK5 
• 4HM5/ 

4HA5 
• 4HQ5 
·6AB4 
,,6CW4 

High-Mu Twin Triode 
• 6DT8 • 12DTB 

Power TrIode 
• 6C4 (Class C) 

SharpoCutolf Tetrode 
.2CY5 .3CY5 

Sharp-Clltolf 
" 3AV6 
• 3CB61 
·3BCS/3CES 

3CF6 
.4AV6 
.4CB6 
e4DE6 

Pentode 
.6AG5 
.6AKSI 

EFts 
·6AV6A 
.6BC51 

6CE5 
.6BH6 

Remote-Cutoff Pentode 
• 6BA61 • 6BJ6 

EF93 

• 6RQ7AI 
6BZ7/ 
6BS8 

46084 
.6EKS 
·6FH5 
• 6GKSI 

6FQ!A 
'6HM5/6HA5 
·6RQ! 
A 13CW4 

·6CY5 

.6CB6AI 
6CF6 

• 6DC6 
"6DE6 
·12AV6 

" 12BA6 

• Mmiatllre o Octal 4 Nuvl.tor * Duodemr t for high-fidelity equipment 
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21. REACTANCE CIRCUITS 

l\Iedlllm-MII Trlode-Sharll-Clltoff Pelltode 
• SAN8 • 6AZ8 • 6GH8A 
• SGH8A • 6BA8A • 9GH8A 
.6AN8A 

Twill Dlodes-Hlgh-MII Triode 
.6CN7 .8CN7 

High-Mil Triode-Sharp-Clliolf Pelltode 
.6AW8A .8AW8A 

22. RECTIFIERS (VACUUM) 

Power-Supply Types 
Half-Wave (Diode) 

• 3SW4 035ZSGT 

l'IIIl-Wave 
03DG4 
0SAS4A 
"SBC3A 
0SU4GB 

(Twill Diode) 
0SV4GA 
0SY3GT 
·6CA4 

.6X4 
06XSGl 
.12X4 

High-Voltage Types 

Half-Wave (Diode) 

• lA Y2A * 2BU2/ 
o IG3GTA/ 2AH2 

IB3GT • 3A2 
o lK3A/ 0 3A3C 

113 :I: 3ATlB 
.lV2 :j: 3AW2A 
• lX2C :!: 3BN2A 
:j: 2AS2A * 3BW2/ 
• 2A V2 3BS2A/ 

3BTl 

23. REGULATORS 
(HIGH VOLTAGE) 

Beam Triode-Shllllt Type 

o 3CN3B 
83CU3A 
(') 3CZ3A 
o 3DA3/ 

3DH3 
(') 3DB3/ 

3CY3 
(') 3DC3 
o 3DB 

o 6BK4C/ 0 6LJ6A/ cJ 6MA6 
6EL4A 6LH6A 

o 6EN4 

Beam Power Tllbc--Pllise Type 
:j: 6HSS "17KV6A "2ZKV6A 
A.6KV6A 

24. SYNC SEPARATORS 
AND AMPLIFIERS 

High-Mil Twill Triode 

• 12BZ7 

Medlllm-MII Trlode-Sharll-Clltoff Tetrode 
.6CQ8 

Sharp-Cutoff T" ill Pelltode 
• 3BU8/ • 4HS8 ·6HS8 

3GS8 ·6BU8 
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Pelltagrld Amplifier 
.3BY6 .4CS6 ·6CS6 
.3CS6 .6BY6 

High-Mil Triodc--Sharp-Cutoff Pelltode 
·6KT8 ·6MV8 

Medlum-Mu Trlodc--Sharp-Cutoff Pentode 

• 6CX8 
• 6LQ8 

• 8CX8 
(Video Output) 

• llLQ8 

Medium-Mil Trlode-Sbarp-Clltoff Pelltode 
• SANS • 6AZ8 • 6HLS 
• SGHSA • 6BA8A • 6MQ8 
·6AN8A .6CU8 • 8AU8 
·6AU8A • 6GHSA • 9GHSA 

Medium-Mil Twill Triode 
• 6FQ7/6CG7 • 12AU7A/ 
• SFQ7/SCG7 ECCS2 

• 12FQ7 

Twill Dlode-High-Mu Triode 
·6CN7 • SCN7 

Hlgb-MII Triode-Sharp-Cutoff Pelltode 

·6AWSA 
·6EBS 
·6GNS 
• 6GWS/ 

ECL86 
·6HF8 
·6JV8 
·6KA8 

(Video Output) 
·6KTS .8KAS 
·6KV8 • SLC8 
• 6LC8 • lOGN8 
·8AWSA .IOHF8 
• SGN8/ • lOJAS/ 

SEBS lOLZ8 
• 8JV8 • IIKV8 

25. TUNING INDICATORS 

Illdicator with Triode Ullit 
6ES 6US 

Twin Indicator Unit. 
06AF6G 

26. VERTICAL-DEFLECTION 
CIRCUITS 

Oscillators alld Amplifiers (Com billed) 

Medium-Mil Triode-Low-MII Triode 
• 6DE7 • IOEW7 • 13DE7 
• 6EW7 • IODE7 

Medillm-MII Dllal Triode 
·6CM7 .8CM7 ·8CS7 
·6CS7 

Medhllll-Mu Twin 'triode 
.61'Q7/6CG7 • SFQ7/8CG7 • IWt)7 

------------~- -- ---------

• Miniatllre <1 Octal 4 Novar * J>uode.'ar 
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High-Mu Triode-Low~Mu Triode 

• (iCY1 
• (iDR7 
o (iEM7! 

(iEA7 
~ (im7 
~ (iGF7A 

.10DR7 
010EM7 
~ lOGF7A 
• 13DR7 
o 13EM7! 

ISEA7 

o IJFM7! 
ISFM7 

~ 13m7 
~ IJGF7A 

High-Mq Triode-Beam Power Tube 
~ (iKY8A :I: (iLU8 :I: l(iLU8 
4 6LR8 ~ lSKY8A 4 11LR8 

:I: 11LU8 
4 JILR8 

Dual Triode 
o (iEM1! 

(iEA7 
46GF7A 

Dual Triode-Beam Power Tube 
:j:13Z9 

013EM7/ 
ISEA7 

Medium-Mil Triode-Power Pelltode 
:j: 6JZ8 :j: 17JZ8 :j: 2SJZ8 
:j: 13JZ8 :j: 14JZ8 

Amplifiers 
Low-Mu Triode 

• 12B4A 

Medlum-Mu Triode 

• (iS4A 

Beam Power Tube 
• SAQ5 :j: 6JB5/ 
• SCZS (iHES 
• (iAQ5A • 6JQ(i# 
• (iCZ5 06V(i 
• (iDS5 0 6V6GTA 
• (iEM5 .8EMS 
:j: 6JAS :j: IOJAS 

• Miniature o Octal 

• 11DSS 
• llAQS 
• 11JQ6# 
011V(iGT 
'17JQ(i# 
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Power Peutode 
• (iGK(i • lOGK(i • 16GK(i 
o (iK(iGT 

27. VIDEO AMPLIFIERS 

Medium-Mu Trlode-Sharp-Clltolf Pelltode 
• SAN8 • 6AZ8 • 6MQ8 
• SGH8A • 6BA8A • 8A U8 
• 6AN8A • 6GH8A • 9GH8A 
• (iAU8A • 6HL8 

Medlum-Mu Triode-Sharp-Cutolf Pelltode 
(Video Output) 

• 6CX8 • 8CX8 • llLQ8 
• 6LQ8 

High-Mu Triode-Sharp Cutoff Penlode 
(Video Output) 

·6AW8A 
·6EB8 
·6GN8 
• (iHF8 
·6JV8 
• 6KV8 

• 6LF8 
• 8AW8A 
• 8GN8/ 

8EB8 
• 8JV8 

.10GN8 
·IOHF8 
• IOJA8/ 

10LZ8 
• 10LY8 
• llKV8 

Sharp-Cutoff Pentode (Video Output) 
• 6AG7 • 10GK6 • llHG7 
• 6CL6 • llHM1 • 11HG7/ 
• 6GK6 .l1BY7A/ llGN7A 
·6JGS llBV7/. llHL7 
• 7KY6 12DQ7 

Dlode-Sharp-Clltoff Pelltode 
• SAM8 • 6AM8A ·6AS8 

High-Mil Trlode-Sharp-Cutoff Pentod. 
• 6KT8 

Sharp-Cutoff Penlode 
• JJC6A • 4JC6A • 6JC6A 

:j: Duodecar # With an integral diode 
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Technical Data for RCA 

Receiving Tubes 
Entertainment and 

Industrial Types 

This section contains technical data for RCA reCeIVIng tubes, intended 
for use in many diverse entertainment and industrial applications such as 
standard broadcast, FM, television receiver, audio amplifier, on-off control, 
voltage regulator, and voltage reference. Detailed data are presented on 
popular types. Essential information on less active types and on discon
tinued types in which there still may be some interest is given in chart 
form at the end of the section. 

Tube types are listed in this section according to the numerical
alphabetical-numerical sequence of their type designations. Tube types 
which have superseding versions are cross-referenced to active types. In 
addition, an alpha-numeric listing of foreign type designations is included 
at the end of this data section. 

A grid-No.2 input rating chart for certain voltage-amplifier types, as 
specified in the technical data, is shown on page 300. Safety Precautions 
are given on page 93. Characteristics for RCA television picture tubes for 
replacement use are given in RCA Picture Tube Characteristics Charts. 

When choosing types for the design of new electronic equipment, the 
designer should refer to the Application Guide for RCA Receiving Tubes 
which starts on page 104. 

To expedite the preliminary search for interchangeable tube types, the 
section Terminal Diagrams, which starts on page 594, includes a compre
hensive listing of domestic and foreign tube types having the same basing 
arrangement. The Key To Terminal Diagrams is given on page 612. 

Two replacement guides are also included. A Replacement Guide
Entertainment Receiving Types and a Replacement Guide-Industrial Re
ceiving Types are given on pages 650 and 657 respectively. 
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OA2 VOLTAGE REGULATOR 
INDUSTRIAL 

TYPE 
Miniature type cold-cathode, glow-discharge tube used 
in voltag~ regulator applications. Outlines section, 5D; 
requires miniature 7-contact socket. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current •...................................... 
DC Cathode Current ........................................... . 
Frequency ..................................................... . 
Ambient-Temperature Range ................................... . 

MAXIMUM CIRCUIT VALUES 

~
4 ~p 

IC IC 
3 6 

• 
K 2 7 K 

P I 

580 

75 
{SO 

5 min 
o 

-55 to +90 

rnA 
rnA 
rnA 
Hz 
·C 

Shunt Capacitor ................................................ 0.1 p.F 
Series Resistor ........................................... See Operating Considerations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
Min. Av. Max. 

DC Anode-Supply Voltage ......................... 185- volts 
Anode Breakdown Voltage ........................ 156 185· volts 
Anode Voltage Drop .............................. 140. 151 168" volts 
Regulation (5 to SO mAl .......................... 2 6· volts 
• Averaged over starting period not exceeding 10 seconds. This starting period must be fol-. 

lowed by a steady-state operating condition of at least 20 minutes, or tube perfQrmance will 
be impaired. 

- Not less than indicated supply voltage should be provided to Insure "starting" throughout 
tube life. 

• Maximum individual tube value during useful life . 
• Minimum individual tube value during useful life. 

Operating Considerations 
Sufficiertt resistance must always be used in series with the tube to limit 

the current through the tube. The value for the series resistor is dependent 
on the maximum anode-supply voltage and the ratio of the current through 
the load to the operating current of'the tube, and should be chosen to limit 
the operating current through the tube to the maximum rated value at all 
times after the starting period. 

The maximum load current that can be regulated by the tube is de
termined by the minimum and maximum values of the supply voltage. After 
the value of series resistor for the maximum supply voltage has been cal
culated as indicated above, it is then in order to determine if this value will 
permit adequate starting voltage when the supply voltage falls to its mini
mum value. If adequate starting voltage is not obtained, a new load current 
of lower value must be used and the calculations repeated. It will be apparent 
from such calculations that the higher the minimum supply voltage and the 
smaller the difference between its minimum and maximum values, the higher 
will be the load current that can be regulated. . 

When equipment utilizing the tube is "turned on", a starting current 
in excess of the average operating current is permissible as indicated under, 
Maximum Ratings. When the tube is subjected to such high starting cur
rents, the regulated voltage may require up to 20 minutes to drop to its 
normal operating value. This performance is characteristic of voltage-regu
lator tubes of the glow-discharge type. Similarly, the regulation is affected 
by changes in current within the operating current range. 

In order to handle more load current, two or more tubes may be oper
ated in parallel, but such parallel operation requires that a resistance of 
approximately 100 ohms be used in series with each tube in order to equal
ize division of the current between the paralleled tubes. The disadvantage 
of this method, of course, is that the use of resistors impairs the regulation 
which can be obtained. 
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If the associated circuit has a capacitor in shunt with the tube, the ca
pacitor should be limited in value to 0.1 p.F. A larger value may cause the 
tube to oscillate and thus give unstable regUlation performance. 

+ 

SERIES 
RESISTOR 

TO 
FILTER 

(DC 
VOLTAGE 
SUPPLY) 

TYPE 
OA20R062 

REGULATED 
SUPPLY VOLTAGE 

TO LOAD 

+6 

TYPE VOLTS (APPROX.) 
OA2 150 
062 108 -6 

92.CS-65I1RI 

Typical circuit to provide regulated supply voltage of approximately 150 or 108 volts to 
load. Removal of tube from socket removes voltage from load. 

SERIES 
TYPE 

RESISTOR 
OA2 OR OB2 

+ +~ 

TO 
FILTER 

(DC 
VOLTAGE 
SUPPLY) 

2 -9 

92CS-6512R2 

Typical circuit using two OA2's or two OB2's to provide regulated supply voltages 0/ 
approximately 300 or 216 volts and 150 or J08 volts to load. Socket connections are so 

made that voltage on load is removed when either tube is taken from its socket. 

SERIES 
RESISTOR 

T 
+c 
-B 

DC 
BIAS 

SUPPLY 

3 

TYPE 
OA2 OR OB2 

TO CATHODE 
OF TUBE 

~--------.-------------~ 

TYPE 
OA2 
082 

VOLTS (APPROX.I 
150 
108 

+ 

92CS-6513R2 TO GRID 
OF TUBE 

Typical circuit for bias-supply regulation. Removal of tube from socket opens B-supply 
circuit of regulated tubes. 
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OA2WA 
OA3 

OA3A 
OA4G 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

082 VOLTAGE REGULATOR 
INDUSTRIAL 

TYPE 

Miniature type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 5D; 
requires miniature 7-contact socket. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current. . .................................... . 
DC Cathode Current ........................................... . 
Frequency ...................................................... . 
Ambient-Temperature Range ................................... . 

MAXIMUM CIRCUIT VALUES 

580 

75 
{SO 

5 min. 
o 

-55 to +90 

mA 
mA 
rnA 
Hz 
·C 

Shunt Capacitor ................................................. 0.1 JLF 
Series Resistor ........................................... See Operating Consid .. rations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

DC Anode-Supply Voltage ........................ . 
Anode Breakdown Voltage ....................... . 
Anode Voltage Drop ............................. . 
Regulation (5 to 30 mAl ......................... . 

Min. 
133-

101-

Av. 

115 
108 

1 

Max. 

ISS· 
U4" 

4" 

volts 
volts 
volts 
volts 

• Averaged over starting period not exceeding 10 seconds. This starting period must be fol
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be Impaired. 

- Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

• Maximum individual tube value during useful life. 

- Minimum individual tube value during useful life. 

Refer to type OA2. 

OB2WA 

OC2 

oe3 
INDUSTRIAL 

Operating Considerations 

Refer to chart at end of section. 

Refer to chart at end of section. 

VOLTAGE REGULATOR 
TYPE 

JPfl~: 
2 31 - 7 

K JPR 

Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 

MAXIMUM RATINGS (Abs:llute-Maximum Values) 
Average Starting Current. . ............................. . 
DC Cathode Current ......................................... . 
Frequency ................................................. " ... . 
Ambient-Temperature Range .................................... . 

I 8 

NC NC 

4AJ 

100 

\40 
5 min. 
o 

-55 to +90 

mA 
mA 
mA 
Hz 
·C 
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MAXIMUM CIRCUIT VALUES 
Shunt Capacitor ................................................ 0.1 ILF 
Series Resistor ........................................... See Opel·ating Considerations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

DC Anode·Supply Voltage ......................... . 
Anode Breakdown Voltage ....................... . 
Anode Voltage Drop ............................. . 
Regulation (5 to 40 rnA) ......................... . 

Av. 

115 
108 

2 

Max. 

133· 
116· 

4· 

volts 
volts 
volts 
volts 

• Averaged over stal'ting period not exceeding 10 seconds. This starting period must be f<!l
lowed by a steady·state operating condition of at least 20 minutes, or tube performance wJlI 
be impaired. 

_ Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

• Maximum individual tube value during useful life. 

_ Minimum individual tube value during useful life. 

Operating Considerations 

Refer to type OA2. For circuit diagrams refer to next page. 

Refer to chart at end of section. OC3A 

VOLTAGE REGULATOR OD3 
INDUSTRIAL 

K 2 7 
JPR 

TYPE 

JP~R~ 
I 8 

NC NC 

4AJ 

Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 

MAXIMUM RATINGS (Absolute·Maximum Values) 
Average Starting Current. . .................................... . 
DC Cathode Current ............................................ . 
Frequency .......... , .......................................... . 
Ambient-Temperature Range .................................... . 

MAXIMUM CIRCUIT VALUES 

100 
{40 

5 min. 
o 

-55 to +90 

rnA 
rnA 
rnA 
Hz 
·C 

Shunt Capacitor .......... . 0.1 ILF 
Series Resistor See Operating Considerations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
Min. Av. Max. 

DC Anode-Supply Voltage ......................... 185- volts 
Anode Breakdown Voltage ........................ 160 185· volts 
Anode Voltage Drop . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142- 153 165" volts 
Regulation (5 to 40 rnA) .......................... 4 5.5* volts 
• Averaged over starting period not exceeding 10 seconds. This starting period must be fol

lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

- Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

• Maximum individual tube value during useful life. 
• Minimum individual tube value during useful life. 

Operating Considerations 
Refer to type OA2. For circuit diagrams refer to next page. 

Refer to chart at end of section. OD3A 
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+ 

117V. 
AC 

If" xx 

SERIES 
RESISTOR 

RCA RECEIVING TUBE MANUAL 

TO 
RECTIFIER 

AND FILTER 
OF B-SUPPLY 

'-----'--.... 

REGULATED +6 
SUPPLY VOLTAGE 

TYPE: 
7 0A3 

X OC3 
003 

TO LOAD 
VOLTS (APPROX.) 

75 
105 
150 -6 

92CS-19183 

Typical circuit to provide regulated supply voltage of approximately 75, 105, or 150 
volts to load. Removal of tube from socket removes voltage from load. 

+ 

TO 
FILTER 

(DC 
VOLTAGE 
SUPPLY) 

92CM-8963 

SERIES 
RESISTOR 

x 

+BI 
VOLTS 

TYPE (APPRO X.) 
OC3~ 
003 150" 

VOLTS 
TYPE (APPROX.) 
OC3 210" 
OD3 300· 

-B 

"REGULATED 
SUPPLY VOLTAGE 

TO LOAD 

Typical circuit using two Oe3's, or two OD3's to provide regulated supply voltages of 
approximately 210 or 300 volts and 105 or 150 volts to load. Socket connections are so 

made that voltage on load is removed when either tube is taken from its socket. 
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Refer to chart at end of data section. 

Refer to type OZ4A/OZ4. 

OZ4 
OZ4A 

11'1 

~,~ 
~ 

FULL·WAVE GAS RECTIFIER OZ4A/OZ4 
Metal type used as a power rectifier in equipment with 
vibrator-type power supplies. Outlines section, 2A; re
quires octal socket. This tube, like other power-hand
ling tubes, should be adequately ventilated. 

S K 

4R 
FUll-Wave Rectifier 

MAXIMUM AND MINIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate Voltage (Per Plate) ......................... . 
Peak Starting-Supply Voltage (Per Plate) ...................... . 
Peak Plate Current (Per Plate) ................................. . 
DC Output Current ............................................ . 

880 max volts 
BOOAmin volts 
330 max mA 

{ 110 max mA 
30Amin mA 

TYPICAL OPERATION WITH VIBRATOR·TYPE POWER SUPPLY 
AND CAPACITOR INPUT TO FILTER 

440 volts 
8 ,.F 

600 ohms 
B10 volts 
100 mA 

Peak Plate Supply Voltage (Per Plate):/: ....................... . 
Filter-Input Capacitor ......................................... . 
Totsl Effective Plate Supply Impedance (Per Plate) ............. . 
DC Output at Input to Filter .................................. .. 
DC Output Current ............................................ . 

CHARACTERISTICS 
Tube Voltage Drop for current of llO mA (Per Plate) ........... . 24 volts 

MINIMUM CIRCUIT VALUE 
Total Effective Plate-Supply Impedance (Per Plate) .............. 300 ohm. 
A Absolute value. Under no circumstances should the tube be operated below the value shown. 
:/: Open-eircuit voltage (flat portion of transformer voltage wave). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF·WAVE 
VACUUM RECTIFIER 

OZ4G 

lA3 

lA4P 

1 ASGT 
lA6 

lA7GT 
lACS 
lAD2 

lAD2A 

12GV 

Duodecar type used as a rectifier in high-voltage pulse 
circuits of color and black-and-white television receiv
ers. Outlines section, 9A; requires duodecar 12-contact 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near filament potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. 
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Filament Voltage (ac/dc) ...................................... . 
F!lament Current .............................................. . 
DIrect Interelectrode Capacitance (Approx.): 

Plate to Filament ......................................... . 

Pulsed Rectifier 
For operation in a 525-lIne. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................. . 
Peak Plate Current ............................................ : 
Average Plate Current ......................................... . 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

X-RADIATION CHARACTERISTIC 
X-Radiation. Maximum: 

1.25 
0.2 

1.6 

26000' 
50 
0.5 

1.45 
1.05 

225 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr 
#Pulse duration must not exceed 15% of a borizontal scanning cycle (10 microseconds) • 
• The dc component must not exceed 22000 volts. 
!Jau~lon-Operation of this tube outside of the maximum values indicated above may result 
In ,!Ither temP!'rary or permanent changes in the X-radiation characteristic of the tube. 
EqUIpment desIgn must be such that these maximum values are not exceeded. 

lADS 

lAX2 

lAY2 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

1 AY2A 
HALF-WAVE 

VACUUM RECTIFIER 
Miniature type used to supply high voltage to the anode 
of the picture tube in television receivers. Outlines sec
tion, SSA; requires 2-contact socket. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Filament Voltage (ac/dc) ....•.................................. 
Filament Current .............................................. . 
Direct Interelectrode Capacitances: 

Plate to Filament ...........•.........•............••..•..•. 

Flyback Rectifier 
For operation in a 525-lIne. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................•.. 
Peak Plate Current •............................................. 
Average Plate Current ............... ·.················••·····•• 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

X-RADIATION CHARACTERISTIC 

1.25 
0.2 

1.4 

26000· 
50 

0.5 

1.45 
1.05 

100 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 
volts 

volts 

X-Radlatlon Maximum: 
Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• The de component must not exceed 22000 volts. 
Caution-operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 
lB3GT For replacement use type IGSGTA/IBSGT. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

lB4P 

lBSj2SS 

lB7GT 

lBC2 

1 BC2A 

119 

Miniature type used as a high-voltage rectifier to sup
ply power to the anode of the television picture tube. 
Outlines section, 7E. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 

Ie 1.25; amperes, 0.2. 
9RG 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA 

X·RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

18000'" 
45 
0.5 

1.45 
1.05 

80 

volts 
mA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis ............ 0.5 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
... The de component must not exceed 15000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. lBH2 
lBH2A 

Refer to chart at end of section. lC5GT 
Refer to chart at end of section. lC6 
Refer to chart at end of section. lC7G 
Refer to chart at end of section. lC21 

Refer to chart at end of section. lD5GP 
lD5GT 

Refer to chart at end of section. lD7G 
Refer to chart at end of section. lD8GT 
Refer to chart at end of section. lDG3 
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lDG3A HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a high-voltage rectifier to 
supply power to the television picture tube. Outlines 
section, 14J; requires octal socket. Socket terminals 1 
and 7 may be used as tie points for components at or 
near filament potential. For high-voltage and X-ray 
safety considerations, refer to page 93. Filament: 
volts (ac/dc), 1.25; ampere, 0.2. aND 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA " 

X·RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
- The dc component must not exceed 22000 volts. 

26000-
50 
0.5 

1.45 
1.05 

225 

0.5 

volts 
rnA 
rnA 

volts 
volts 

volts 

mR/hr 

Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum. values are not exceeded. 

lDNS 

lESGP 

lE7GT 

lEa 

lF4 

lFSG 

lF6 

lF7G 

lG3GT/ 
lB3GT 

lG3GTA 

lG3GTA/ 
lB3GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type IG3GTA/IB3GT. 

For replacement use type IG3GTA/IB3GT. 

HALF-WAVE 
VACUUM RECTIFIER 

LC 3 6 LC 

Glass octal type used as a high-voltage rectifier to sup
ply power to the anode of the television picture tube. 
Outlines section, 14B; requires octal socket. Socket 
terminals 4 and 6 may be used as tie points for com
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Filament: volts (ac/dc), 1.25; ampere, 0.2. 

~
LC4 p sLC 

2 7 F 
F IS 

I 8 
LC LC 

3C 
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Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# 
Peak Plate Current 
Average Plate Current 
Filament Voltage: 

Absolute-maximum value 
Absolute-minimum value 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA 

X-RADIATION CHARACTERISTIC 
X-Radiation. Maximum: 

26000' volts 
50 rnA 

0.5 rnA 

1.45 volts 
1.05 volts 

100 volts 

Statistical value controlled on a lot sampling basis 0.5 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The de component must not exceed 21000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 

Refer to chart at end of section_ 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section_ 

Refer to chart at end of section. 

Refer to chart at end of section_ 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

LC LC 
3 6 

HALF-WAVE 
VACUUM RECTIFIER 

lG4GT 

lG5G 

lG6GT 

lH4G 

lH5GT 

lH6G 

lJ3 

1J5G 

1J6G 
lJ6GT 

lK3 
lK3j1J3 

lK3A/1J3 
(;}

LC4 p sLC 

F2 .7is 

I 8 

Glass octal type used as a high-voltage rectifier to sup
ply power to the anode of the television picture tube. 
Outlines section, 14B; requires octal socket. Socket 

LC LC 

3C 
terminals 4 and 6 may be used as tie points for com
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93_ 

Filament: volts (ac/dc), 1.25; ampere, 0.2. 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum 
Peak Inverse Plate Voltage# 
Peak Plate Current ... 
Average Plate Current 
Filament Voltage: 

Absolute-maximum value 
Absolute-minimum value 

Values) 
26000· 

50 
0.5 

1-45 
1.05 

volts 
rnA 
rnA 

volts 
volts 
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CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

225 volts< 

0.5 mR/hr 

., Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 22000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

lL4 Refer to chart at end of section. 

1L6 Refer to chart at end of section. 

lLA4 Refer to chart at end of section. 

lLA6 Refer to chart at end of section. 

lLB4 Refer to chart at end of section. 

lLCS Refer to chart at end of section. 

lLC6 Refer to chart at end of section. 

lLDS Refer to chart at end of section. 

lLE3 Refer to chart at end of section. 

lLGS Refer to chart at end of section. 

lLH4 Refer to chart at end of section. 

lLNS Refer to chart at end of section. 

lN2A Refer to chart at end of section. 

lN5GT Refer to chart at end of section. 

lN6G Refer to chart at end of section. 

1PSGT Refer to chart at end of section. 

lQSGT Refer to chart at end of section. 

lRS Refer to chart at end of section. 

152AjDY87 Refer to chart at end of section. 

154 Refer to chart at end of section. 

155 Refer to chart at end of section. 

1T4 Refer to chart at end of section. 

1TSGT Refer to chart at end of section. 

1T6 Referto chart at end of section. 

1U4 Refer to chart at end of section. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

HALF·WAVE 
VACUUM RECTIFIER 

lUS 
IV 

lV2 

123 

9U 

Miniature type used as a doubler in high-voltage pulse 
rectifier circuits of black-and-white television receivers 
and as a focus rectifier in color television receivers. 
The very low power required by the filament permits 
the use of a rectifier transformer having small size and 
light weight. Outlines section, 6B; requires miniature 
9-contact socket. 

Filament Voltage (ac) . . . . . . . . . . . . . . .. . . . .. ... . . .. ... . . . . .. . .. 0.625. 
Filament Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 
Direct Interelectrode Capacitance: 

Plate to Filament (Approx.) ................................ 0.8 

volt 
ampere 

pF 

• Undel' no circumstances should the filament voltage be less than 0.525 volt or greater than 
0.725 volt. 

Pulsed Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................... 8250-
Peak Plate Current ............................................ 11 
Avel'age Plate Current .......................................... 0.6 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 
- The de component must not exceed 7000 volts. 

volts 
mA 
mA 

microseconds) • 

Refer to chart at end of section. 

Refer to chart at end of section. 

lX2A 

lX2B 
lX2B/1X2A 

HALF·WAVE 
VACUUM RECTIFIER lX2C 

9Y 

Miniature type used as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers and as a 
focus rectifier in color television receivers. Outlines 
section, 7A; requires miniature 9-contact socket. Socket 
terminals 3 and 7 may be used as tie points for com
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 

Filament Voltage (ac) ......................................... . 
Filament Current .............................................. . 
Direct Interelectrode Capacitance: 

Plate to Filament and Internal Shield (Approx.) ........... . 

Flyback Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average. Plate Current ........................................ . 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

1.25 
0.2 

1 

22000· 
45 

0.5 

1.45 
1.05 

80 

volts 
ampere 

pF 

volts 
mA 
rnA 

volts 
volts 

volts 
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X·RADIATION CHARACTERISTIC 
X.Radiation, Maximum: 

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr 

"" Pulse duration must not exceed 15% of a horizon .... l scanning cycle (10 microseconds). 
* The dc component must not exceed 18000 volts. 
~aution-Operation of this tube outside of the maximum values indicated above may result 
In ~ther temp.orary 01' permanent changes in the X.radiation characteristic of the tube. 
EqUIpment deslgn must be such that these maximum values are not exceeded. 

2A3 Refer to chart at end of section. 

2A5 Refer to chart at end of section. 

2A6 Refer to chart at end of section. 

2A7 Refer to chart at end of section. 

2AF4A Refer to chart at end of section. 

2AF4B Refer to chart at end of section. 

2AF4B/2DZ4 Refer to type 6AF4A. 

2AH2 
Refer to chart at end of section. 

For replacement use type 2BU2/2AH2. 

'2AS2 Refer to chart at end of section. 

2AS2A HALF·WAVE 
VACUUM RECTIFIER 

Duodecar type used as a rectifier in high-voltage pulse 
circuits of color television receivers. Outlines section, 
9B; requires duodecar 12-contact socket. Socket termi
nals 4, 7, and 10 may be used as tie points for com
ponents at or near heater potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Heater: volts (ac/dc), 2.5; amperes, 0.33. 

Pulsed Rectifier 
For operation in a 525·line, 30·frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ......................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................. . 

X·RADIATION CHARACTERISTIC 
X·Radiation, Maximum: 

H,K,IS H 

30000-
90 
1.7 

75 

12EW 

volts 
mA 
mA 

volts 

Statistical value controIled on a lot sampling basis .......... 25 mR/br 

"" Pulse duration must not exceed 15% of a. horizontal scanning cycle (10 microseconds). 
- The de component must not'. exceed 24000 volts. 
Caution-Operation of this tube/outside of the maximum values indicated above may result 
in either temporal'Y or permanent changes in the X·radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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HALF-WAVE 
VACUUM RECTIFIER 

125 

2AV2 

9U 

Miniature type used as a high-voltage, low-current 
pulse-operated focus rectifier in color television re
ceivers. The filament of the tube can be operated 
directly across the filament winding of the horizontal
output transformer without a series voltage-dropping 
resistor. Outlines section, 6B; requires miniature 9-
contact socket. 

Filament VDltage (ac) ......................................... . 
Filament Current ............................................. . 
Direct Interelectrode Capacitance (Approx.): 

Plate to. Filament ......................................... . 

Pulsed Rectifier 
For operation in a 525-line, 36-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

Peak Inverse Plate VDltage# .................................. . 
Peak Plate Current ............................................ . 
Average Plate Current ........................................ . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage DrDp for plate current Df 1 mA ................... . 

1.8· 
6.225 

6.8 

8250·· 
50 

0.6 

20 

volts 
ampere 

pF 

volts 
mA 
mA 

vDlts 

#: Pulse duration must not exceed 15tt'O of a horizontal scanning cycle (10 microseconds). *. Under no. circumstances ShDUld this absDlute value be exceeded; the dc component must 
nDt exceed 7000 volts. 
* Under no circumstances ShDUld the filament voltage be less than 1.53 volts or greater than 
2.07 volts. 

Refer to chart at end of section. 2B7 

Refer to chart at end of section. 2BA2 

Refer to chart at end of section. 2BJ2 
2BJ2A 

12J8 

Refer to chart at end of section. 

Refer to type 6BN4A. 

Refer to type 2BU2/2AH2 

HALF-WAVE 
VACUUM RECTIFIER 

2BN4 

2BN4A 

2BU2 

2BU2/ 
2AH2 

Duodecar type used as a high-voltage rectifier to sup
ply power to the anode of the picture tube in television 
receivers. Outlines section, 9B; requires 12-contact 
socket. Socket terminals 4, 10, and 11 may be used as 
tie po.ints for components at or near heater potential. 
For hIgh-voltage and X-ray safety considerations, refer 
to page 93. Heater: volts (ac/dc), 2.5; ampere, 0.3::1. 
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Flyback Rectifier 
For operaCon in a 525-Jine. 30-frame 8)'11tem 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop (Approx.). for plate current of 7 mA ....... . 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

30000-
80 
1.5 

2.9 
2.1 

60 

volts 
mA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis .......... 0.6 mR/hr 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
- The de component must not exceed 24000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-l'adiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

2CN3A 
2CW4 
2CY5 

Refer to chart at end of section. 

2D21 
INDUSTRIAL 

TYPE 

Refer to type 6CW 4. 
Refer to type 6CY5. 

GAS THYRATRON 

Miniature type gas-tetrode thyratron intended for relay 
applications. Outlines section, 5C; requires miniature 
7-contact socket. 7BN 

Heater Voltage (ac/dc) ................................. . 6.3 ± 10% 
Heater Current ................................................. . 
Cathode: 

Heating time prior to tube conduction ....................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Direct Interelectrode Capacitances (Approx.): 

Grid No. 1 to anode ....................................... . 
Input ...................................................... . 
Output ., ................................................... . 

Ionization Time (Approx.): 
For conditions: de anode volts = 100; grid-No. 1 square-pulse 

volts = 50: peak anode amp. during conduction = 0.5 ..... . 
Deionization Ti,ne (Approx.): 

For conditions: de anode volts = 125; grid-No.1 volts = -100, 
grid-No.1 resistor (ohms) = 1000; ac anode amp. = 0.1 .... 

For conditons: dc anode volts = 125; grid-No. 1 volts = -10; 
grid-No_ 1 resistor (ohms) = 1000, de anode amp. = 0.1 

Maximum Critical Grid-No_ 1 Current with an anode-supply volts 
(rms) = 460, and average anode amp. = 0.1 ............ . 

Anode Voltage Drop (Approx.) ................................. . 
Grid-No.1 Control Ratio (Approx.) with grid-No.1 resistor (meg-

ohms) = 0; grid-No.2 volts = 0 ........................... . 
Grid-No.2 Control Ratio (Approx.) with grid-No.1 resistor (meg

ohms) = 0; grid-No. 2 resistor (megohms) = 0; grid-No. 1 
volts = 0 ................................................. . 

0.6 

10 

-100 +26 

0.026 
2.4 
1.6 

0.6 

36 

75 

0.5 
8 

250 

1000 

Relay and Grid-Controlled Rectifier Service 
MAXIMUM RATINGS (Abs:>lute-Maximum Values) 
Peak Anode Voltage: 

Forward ................................................... . 
Inverse .................................................... . 

Grid-No.2 (Shield-Grid) Voltage: 
P.eak, before anode conduction .. 
Average. during anode conduction-

650 
1300 

-100 
-10 

volts 
ampere 

seconds 

volts 

pF 
pF 
pF 

ps 

ps 

ps 

pA 
volts 

volts 
volts 

volts 
volts 
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Grid-No. 1 (Control-Grid) Voltage: 
Peak, before anode conduction ............................. . 
Average, during anode conduction- ......................... . 

Cathode Current: 
Peak ........... . ........................... . 
Average- ................................................. . 
Fault, for duration of 0.1 sec. max. . ......... . 

Grid-No. 2 Current: 
Average- .................................... . 

Grid-No. 1 Current: 

Amb1;,~7a~::'p~r;"t~'r~' 'R~;;g~ . : : : : : : : : : : : ........................ . 

Operational Range of Critical Grid-No. I 
Voltage. 

TYPE 2021 GRID-No.2 VOLTS=O 
RANGES SHOWN ARE FOR TWO VALUES 
OF GRID-No.1 RESISTOR-O.1 MEG AND 10 MEG 
-AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL TUBES 
a SUBSEQUENT DIFFERENCES DURING 
TUBE LIFE, FOR A HEATER VOLTAGE RANGE 
OF 5.7 TO 6.9 VOLTS 

RANGE FOR RANGE FOR 
10 MEGOHMS 0.1 MEGOHM 

0 
r---L "';:'::==:::::·::-~--1 

\. 1\ 0 
,~ \ \ 1\ 

0 
,~ \ \ \ t.... 

0 '. 
" f\. r-,,\ 

0 ......... 
~ '\ 

0 I==..::::: 
~7 -6 -5 -4 -3 -2 -I 0 

-100 
-10 

0.5 
0.1 

10 

+0.01 

+0.01 
-75 to +90 
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volts 
volts 

ampere 
ampere 

amperes 

ampere 

ampere 
·C 

DC GRID-No.1 SUPPLY VOLTS 92CM-6534T4 

TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 
RMS Anode Voltage .................................. . 
Grid-No.2 Voltage ....................................... . 
RMS Grid-No.1 Bias VoltageO ........................... . 
DC Grid-No.1 Bias Voltage ............................. . 
Peak Grid-No.1 Signal Voltage .............. . 
Grid-No.I-Circuit Resistance .. . ................... . 
Anode-Circuit Resistance# ........................ . 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance .... 

• Averaged over any interval of 30 seconds maximum. 

117 
0 
5 

5 
1.0 

1200 

400 volts 
0 volts 

volts 
-6 volts 

6 volts 
1.0 megohm 

2000 ohms 

10 megohms 

o Approximately 180· out of phase with the anode voltage. 
:/!: Sufficient resistance, including the tube load. must be used under any conditions of opera

tion to prevent exceeding the current ratings. 

Refer to chart at end of section. 

Refer to type 6DS4. 

Refer to type 6DV 4. 

Refer to chart at end of section. 
For replacement use type 2AF4B/2DZ4. 

Refer to chart at end of section. 

2D21W 

2D54 

2DV4 

2DZ4 

2E5 
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2EG4 HIGH-MU TRIODE 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of television and FM re
ceivers. Outlines section, 1; requires nuvistor socket. 

~::= ~~!~~~ ~~C~d~~.:::::::::::::::::::::::::::::::::::::::::. 
Heater Warm-up Time (Average) ............................... . 
Peak Heater-Cathode Voltaire .................. . 

i 25 

~20 
::IE 

TYPE2EG4 

E 

3 151---+--=~-I-h'- ;:J"--f--t---I 
::IE 

~ IOI---h'--If-Tl-.y("f.V4>:-i--I---l 
a.. 

92C8-i1209n 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate .............................................. . 
Grid to Cathode, Heater, and Shell .......................... . 
Plate to Cathode, Heater, and Shell ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode ................................. . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage .........................................•.. 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative-bias value ......................................... . 
Peak or de positive value .................................. . 

Plate Dissipation ............................................... . 
Cathode Current ............................................... . 

CHARACTERISTICS AND TYPICAL OPERATION Characteristics 
Plate Supply Voltage ............................. 110 
Grid Supply Voltage .............................. . 
Cathode-Bias Resistor .............................. 130 
Grid Resistor .............................. . 
Amplification Factor ..... . . . . . . . . . . . . . . . . . . . . . . . . 63 
Plate Resistance (Approx.) . . . . . . . . . . . . . . . . . 7000 
Transconductance .................................. 9000 
Grid Voltage (Approx.) for plate CUlTent of 100 /LA .. -5 
Grid Voltage (Approx.) for nlate current of 10 /J.A .. -6.8 
Plate Current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:. 

INDEX-LARGE LUG 
.·SHORT PIN-Ie 

1.7 
0.6 

8 
±100 

0.92 
4.3 
1.8 

0.18 
1.6 

300· 
135 

55 
0 

1.5 
15 

12AQ 

Typical 
Operation 

70 
0 

47000 
68 

5440 
12500 

7 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 

watts 
mA 

volts 
volts 
ohms 
ohms 

ohms 
/J.mhos 

volts 
volts 
rnA 

For fixed-bias operation .... 2.2 megohms 
For cathode-bias operation 0.5 megohm 

• A plate supply voltage of 300 volts may be used provided that a sufficiently large resistor is 
used in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of 
operation . 
• For operation at metal-shell temperatures up to 1350 C. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6FH5. 

Refer to chart at end of section. 
For replacement use type 2GK5/2FQ5A. 

Refer to type 6FS5. 

Refer to chart at end of section. 

Refer to type 6GK5. 

Refe!' to chart at end of section. 
For replacement use type 2FS5. 

For replacement use type 2HM5/2HA5. 

Refer to type 6HM5/6HA5. 

Refer to type 6HQ5. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

2EN5 

2ER5 

2FH5 

2FQ5A 
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2FS5 

2GK5 

2GK5/2FQ5A 

2GU5 

2HA5 

2HM5/2HA5 

2HQ5 

3A2 

3A2A 

9DT 

Miniature type used in high-voltage rectifier circuits of 
small-screen black-and-white television receivers. Out· 
lines section, 7 A; requires miniature 9-contact socket. 
Socket terminals 1, 3, 4,6, and 7 may be connected to 
terminal '9 or to a corona shield which connects to 
terminal 9. Terminals 3 and 7 may be used as tie points 

at or near cathode potential. For high-voltage and X-ray safety considera
tions, refer to page 93. 

Heater Voltage (ac/dc) . . ... , , , . , . , , . , , , . , .. , , .. 
Heater Current ", ... " .. , .. ,."." ............ , .......... , ..... . 
Direct Interelectrode Capacitances: 

Plate to Cathode, Heater, and Internal Shield 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Peak Inverse Plate Voltage# ., .... " .. ,", .. ,." ..... , ... " .... . 
Peak Plate Current ., ............... ,., ... , .. , ........ , .. , .... . 
Average Plate Current ... , .... " .. ,., .. , ... , ......... ,., .. ,., .. . 
Heater Voltage: 

Absolute-maximum value ., ..... , ................ , .......... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ......... , .... ,.,. 

X·RADIATION CHARACTERISTIC 
X.Radiation, Maximum: 

3.15 
0.22 

20000e 
80 
1.6 

3.65 
2.65 

70 

volts 
ampere 

pF 

volts 
rnA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis .... , ... ,. 0.6 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• The dc component must not exceed 18000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-l'adiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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3A3 

3A3/3B2 

3A3A 
3A3A/3B2 

3A3B 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of sectior. 

3A3C HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage 
pulse circuits of color television receivers. Outlines 
section, 14Fj requires octal socket. Socket terminals 
1, 3, 4, 5, 6, and 8 may be connected to terminal 7. 
Socket terminals 4 and 6 may be used as tie points at 
or near cathode potential. For high-voltage and X-ray 
safety considerations, refer to page 93. 

~
~C 

IC 
3 

2 7 
H H.K 

I 8 IS 

IC IC 

Heater Voltage (ac) ........................................... . 
Heater Current ................................................ . 
Direct Interelectrode Capacitances: 

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

Pulsed Rectifier 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop (Approx.) for plate current of 7 mA ....... . 

X·RADIATION CHARACTERISTIC 
X-Radiation. Maximum: 

3.15 
0.22 

1.5 

38000-
100 

2 

3.65 
2.65 

100 

BEZ 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis .......... 25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
- DC component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X·radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3A4 Refer to chart at end of section. 

3AS 
INDUSTRIAL 

TYPE 

H-F TWIN TRIODE 

Miniature type twin triode used as a A-F power ampli
fier or an R-F power amplifier or oscillator. Each triode 
can be used independently of the other. Outlines section, 
5Cj requires miniature 7-contact socket. 

Filament Arrangement 
Filament Voltage (de) ........................... . 
Filament Current ................................. . 

Series· 
2.8 

0.11 

r" 
(+PARALLEL) 

7BC 
Parallel·· 

1.4 
0.22 

volts 
ampere 
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Direct Interelectrode Capacitances: Unit No.1 Unit No.2 
Grid to Plate ..................................... . 3.2 3.2 
Grid to Filament ................................. . 0.9 0.9 
Plate to Filament ............................... . 1.0 1.0 
Plate to Plate ................................... . 

A-F Power Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................... . 
Plate Current .................................................. . 
Plate Dissipation ............................................... . 

CHARACTERISTICS 
Plate Voltage ................................................... . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 

0.32 

135 
5 

0.5 

90 
-2.5 

15 
8300 
1800 

3.7 

R-F Power Amplifier and Oscillator-Class C Telegraphy 
Key-down conditions per tube without modulation 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
DC Grid Voltage ............................................ . 
DC Plate Current (per unit) ................................... . 
DC Grid Current (per unit) ................................... . 
Plate Input (per unit) ......................................... . 
plate Dissipation (per unit) .................................... . 

TYPICAL OPERATION (At 40 MHz With Both Units In Push-Pull) 

135 
--30 

15 
2.5 
2.0 
1.0 

131 

pF 
pF 
pF 
pF 

volts 
mA 

watt 

volts 
volts 

ohms 
/Lmhos 

mA 

volts 
volts 

rnA 
mA 

watts 
watt 

DC Plate Voltage 135 volts 

DC Grid Voltage •............................................... 
570 ohms 

{ 40~g oh'!'~ 
Peak R-F Grid-to-Grid Voltage .................................. 90 volts 
DC Plate Current .,...... . . . . . . . . . . . . . . . . . . 30 mA 
DC Gl'id Current (appl'ox.) ... . .... ........ .. ... 5 mA 
Driving Power (approx.) ........................................ 0.2 watt 
Power Output (approx.) .. .......................... 2 watts 
* Filament voltage applied across two sections in series between pins No. 1 and No.7. Grid 

voltage is referred to pin No. 1. For series filament operation, a shunting resistor must be 
connected across the section between pins No. 1 and No.4. to by-pass excess cathode cur
rent in this section. The value of the shunting resistor should be adjusted to make the 
voltage across the shunted section equal to the voltage across the section between pins 
No. 4 and No.7. When other tubes in series-filament arrangement contribute to the fila
ment current of the 3A5, an additional shunting resistor may be required between pins 
No.1 and No.7 . 

• * Filament voltage applied across the two sections in parallel between pin No. 4 and pins 
No. 1 and No. 7 connected together. Grid voltage is referred to pins No. 1 and No. 7 tied 
together • 

• Obtained by grid resistor (4000), cathode resistor (570), or fixed supply. 

Refer to chart at end of section. 3A8GT 

Refer to chart at end of section. 3AF4A 

Refer to type 6AF4A. 3AF4A/3DZ4 

Refer to type 6AL5. 3AL5 

Refer to chart at end of section. 3AT2 
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3AT2B HALF-WAVE 
VACUUM RECTIFIER 

.Duodecar type used as a high-voltage rectifier to sup
ply power to the anode of the television picture tube. 
Outlines section, 9B; requires duodecar 12-contact 
socket. Socket terminals 4, 7, and 10 may be used as tie 
points for components at or near filament potential. 
For high-voltage and X-ray safety considerations, re
fer to page 93. Heater: volts (ac/dc), 3.15; ampere, 0.22. 

Flyback Rectifier 
For operation in a 525-Iine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolu~maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA 

X-RADIATION CHARACTERISTIC 
X-Radiation. Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

38000· 
88 
1.7 

3.65 
2.65 

60 

25 

volts 
rnA 
mA 

volts 
volts 

volts 

mR/hr 

# Pulse dUl'ation must not exceed 15% of a horizontal scanning cycle (10 microseconds)_ 
* The dc component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3AU6 

3AV6 

3AW2 

Refer to type 6AU6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

3AW2A HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as' a high-voltage rectifier to sup
ply power to the anode of the picture tube in color and 
black-and-white television receivers. Outlines section, 
9B; requires duodecar 12-contact socket. Socket termi
nals 4, 7, and 10 may be used as tie points at or near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
3.15; ampere, 0.35. 

Pulsed Rectifier 
For operation in a 525-Iine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA ................... . 

H.K,IS 

12EW 

38000-
110 
2_2 

3.65 
2.65 

60 

volts 
mA 
mA 

volts 
volts 

volts 
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X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis ............ 25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• The dc component must not exeed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BC5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BN 4A. 

Refer to type 6BN6. 

Refer to chart at end of section. 
For replacement use type 3BW2/3BS2A/3BT2. 

For replacement use type 3BW2/3BS2A/3BT2. 

Refer to chart at end of section. 

Refer to type 6BU8. 

For replacement use type 3BW2/3BS2A/3BT2. 

HALF-WAVE 
VACUUM RECTIFIER 

3AW3 

382 

384WA 

38A6 

38C5 

38C5/3CE5 

38E6 

38L2 

3BL2A 

38M2 

38N2 

38N2A 

38N4 

38N4A 

38N6 

38S2A 

38T2 

38UB 

38UB/3GSB 
3BW2 

3BW21 
3BS2AI 

3BT2 

12HY 

Duodecar type used as a high-voltage rectifier to supply 
power to the anode of the picture tube in color tele
vision receivers. Outlines section, 9B; requires octal 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near heater potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. 
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Heater Voltage (ac/dc) ......................................... . 
Heater Current................................. .. . ........... . 
Direct Interelectrode Capacitance (Approx.): 

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

Flyback Rectifier 
For operation in a 525-lIne, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute-maximum value .................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC; Instantaneous Value 
Tube Voltage Drop (Approx.), for plate current of 7 mA 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

3.15 
0.48 

1.6 

38000e 
110 
2.2 

3.65 
2.65 

70 

25 

# Pulse duration must not exceed 15% of a horizontal scanning cycle . 
• The dc component must not exceed 30000 volts. 

volts 
ampere 

pF 

volts 
mA 
mA 

volts 
volts 

volts 

mR/hr 

Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3BY6 

3BZ6 
3eA3 

Refer to chart at end of section. 
For replacement use type 3CS6. 

Refer to type 6BZ6. 

Refer to chart at end of section. 

HALF·WAVE 3CA3A VACUUM RECTIFIER 
Glass octal type used as a rectifier in high-voltage pulse 
circuts of color television receivers. Outlines section, 
14E; requires octal socket. Socket terminals 1, 3, 4, 5, 6, 
and 8 may be connected to terminal 7 or to a corona 
shield which connects to terminal 7. Socket terminals 
4 and 6 may be used as tie points at or near cathode 
potential. For high-voltage and X-ray safety considera
tions, refer to page 93. 

~
&LC 

L 3 

2 7 H,K 
H IS 

I 8 

Heater Voltage (ac) ........................................... . 
Heater Current ................................................. . 
Direct Interelectrode Capacitance (Approx.): 

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

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 11 mA 

X·RADIATIDN CHARACTERISTIC 
X-Radiation, Maximum: 

L<: LC 

3.6 
0.225 

1.6 

8MH 

38000e 
100 

2 

4.14 
3.06 

60 

volts 
ampere 

pF 

volts 
mA 
rnA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis ............ 25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
e The dc component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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For replacement use type 3CB6/3CF6. 

Refer to type 6CB6A. 

Refer to chart at end of section. 
For replacement use type 3BC5/3CE5. 

Refer to chart at end of section. 
For replacement use type 3CB6/3CF6. 

Refer to chart at end of section. 

3CB6 

3CB6/3CF6 

3CES 

3CF6 

3CN3A 

135 

HALF-WAVE 3 

Ie 3 4 5 6 HC Glass octal type used as a high-voltage rectifier to ~
NC p IC VACUUM RECTIFIER 3CN B 

supply power to the anode of the picture tube in color 
H 2 7 H.K and black-and-white television receivers. Outlines sec-

I 8 IS tion, 14F; requires octal socket. Socket terminals 4 and 
IC IC 6 may be used as tie points for components at or near 
8MU heater potential. For high-voltage and X-ray safety 

considerations, refer to page 93. 
Heater Voltage (ae/de) ......................................... 3.15 volts 
Heater Current ........................................ 0.48 ampere 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltsge# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
. Tube Voltage Drop for plate current of 7 mA ................... . 

X·RADIATION CHARACTERISTIC 
X·Radiation, Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

38000' 
110 
2.2 

3.65 
2.65 

60 

25 

volts 
rnA 
rnA 

volts 
volts 

volts 

mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• The dc component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to type 6CS6. 3CS6 

IC~P~C 
F 2 7 

I 8 is 
IC Ie 

8MK 
Filament Voltage: 

HALF-WAVE 
VACUUM RECTIFIER 3CU3A 

Glass octal type used as a rectifier in high-voltage 
circuits of color and black-and-white television receivers. 
Because of its fast warm-up time it is particularly 
suited for transistorized systems. Outlines section, 14F; 
requires octal socket. Socket terminals 4 and 6 may 
be used as tie points. For high-voltage and X-ray safety 
considerations, refer to page 93. 

volts 
Filament Current (ac) ......... . 

3.15 
0.28 ampere 

Direct Interelectrode Capacitance: 
Plate to Filament and Shield .. ' 1.5 pF 
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Pulsed Rectifier 
For operat:on in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................. . ............... . 
Peak Plate Current ........ , ............ . 
Average Plate Current 
Filament Voltage: 

Absolute-maximum value ................................... . 
Absolute-maximum value ............................ . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

33000· volts 
100 mA 

2 mA 

3.65 volts 
2.65 volts 

50 volts 

Statistical value controlled on a lot sampling basis 25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• Thl! dc component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3CX3 

3CY3 
3CYS 

3CZ3 

3eZ3A 

Refer to chart at end of section. 
For replacement use type 3DA3/3DH3. 

For replacement use type 3DB3/3CY3. 

Refer to type 6CY5. 

For replacement use'type 3CZ3A. 

HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type for use in the high-voltage rectifier 
circuits of television receivers and in other high voltage 
applications. Outlines section, 34A; requires octal socket. 
Socket terminals 1, 3, 4, 5, 6, and 8 may pe connected to 
socket terminal 7. Socket terminals 4 and 6 may be used 
as tie points for components at or near heater potential. 
For high-voltage and X-ray safety considerations, refer 
to page 93. 

~
p~c 

Ie 
3 

2 7 
H H K 

I 8 IS 

Ie Ie 

Heater Voltage ............................................ . 
Heater Current .............................................. . 
Heater Warm-up Time ......................................... . 
Direct Interelectrode Capacitance: 

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

Pulsed Rectifier 
For operat:on in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 
Heater Voltage: 

Absolute-maximum value ................................... . 
Absolute-minimum value ................................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

3.15 
0.48 

4 

1.6 

38000-
110 
2.2 

3.65 
2.65 

60 

BEZ 
volts 

ampere 
seconds 

pF 

volts 
mA 
mA 

volts 
volts 

volts 

Statistical value controlled on a lot sampling basis .......... 25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
- The de component must not exceed 30000 volts. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 



TECHNICAL DATA 

Refer to chart at end of section. 

Refer to type 3DB3/3CY3. 

3DA3/3DH3 

3DB3 
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HALF·WAVE 
VACUUM RECTIFIER 30B3/3CY3 

BMX 

Octal type used as a high-voltage rectifier to supply 
power to the anode of the television picture tube. 
Outlines section, 14F; requires octal socket. Socket 
terminals 3, 4, 5, 6, and 8 should not be used as tie 
points although terminals 3, 5, and 8 may be connected 
to terminal 7. For high-voltage and X-ray safety con· 
siderations, refer to page 93. 

Heater Voltage . .. .. .... .. .. . ........ . 
Heater Current ................................. . 
Direct Interelectrode Capacitance (Approx.): 

Plate to Heater. Cathode, and Internal Shield 

Flyback Rectifier 
For operation in a 52S .. line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .. 
Peak Plate Current ...... . 
Average Plate Current ...... . 
Heater Voltage: 

Absolute-maximum value .......................... . 
Absolute minimum value .... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA 

X·RADIATION CHARACTERISTIC 
X-Radiation. Maximum: 

Statistical value controlled on a lot sampling basis ......... . 

3.15 
0.245 

1.5 

38000-
100 

2 

3.65 
2_65 

100 

25 

volts 
ampere 

pF. 

volts 
rnA 
rnA 

volts 
volts 

volts 

mR/hr 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
- The dc component must not exceed 30000 volts. 
Caation-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

NC P F,IS HALF·WAVE 30C3 
F,IS 3 6 NC Glass octal type used as a rectifier in high-voltage ~

5 VACUUM RECTIFIER 

circuits of color and black-and-white television receiv-
F 2 7 F I ers. Because of its fast warm-up time it is particularly 

I ' s suited for transistorized systems, Outlines section, 14F; 
F,IS 8 NC requires octal socket. Socket terminals 4, 6, and 8 may 

BMZ be used as tie points. For high-voltage and X-ray safety 
considerations, refer to page 93. This type is identical 

with type 3CU3A except for the following items: 

Pulsed Rectifier 
For operat:on in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Current 
Average Plate Current 

110 
2,2 

rnA 
rnA 
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3DF3 
3DF3A 

HALF-WAVE 
VACUUM RECTIFIER 

Glass octal types used as a high-voltage rectifier to 
supply power to the anode of the picture tube in tele
vision receivers. Outlines section, 14G and 14H, respec
tively; requires octal socket. Socket terminals 1 and 7 
may be used as tie points for components at or· near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
3.15; ampere, 0.48. 8MT 

Flyback Rectifier 
For operation in a 525-Iine, 30-frame system 

MAXIMUM RATIMGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Heater Voltage: 

Absolute maximum value ................................... . 
Absolute-minimum value .......................... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA 

X-RADIATIOM CHARACTERISTIC 
X-Radiation, Maximum: 

3DF3 
Statistical value controlled on a lot sampling basis .. 25 

# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
- The dc component must not exceed 30000 volts. 

38000-
110 
2.2 

3.65 
2.65 

60 

3DF3A 
8 

volts 
rnA 
rnA 

volts 
volts 

volts 

mR/hr 

Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3DG4 FULL-WAVE 
3DH3 VACUUM RECTIFIER 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip
ment having high dc requirements. Outlines section, 
19E; requires octal socket. It is especially important 
that this tube, like other power-handling tubes, be ade
quately ventilated. For discussion of Rating Chart, 
refer to Interpretation of Tube Data. Filament: volts 
(ac/dc), 3.3; amperes, 3.8. 

Full·Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ..................................•• 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ............. . 
AC Plate Supply Voltage (Per Plate, rm9) ..................... . 
DC Output Current (Per Plate) ............................... . 
Bulb Temperature (At hottest point on bulb surface) .....•.•..•. 

,TYPICAL OPERATIOM WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ....................... . 
Filter-Input Capacitor· ........................................ . 
Effective Plate-Supply Impedance per Plate ..................... . 
DC Output Voltage at Input to Filter (ApPl·OX.): 

At full-load cUrl'ent of 350 mA ............................. . 

CHARACTERISTICS 

~
P02 

'3 

2 7 POI 
Ie 

I 
F 

5DE 

1050 volta 
1.2 Bmperes 
6.5 amperes 
See Rating Chart 
See Rating Chart 

200 ·C 

550 volts 
40 p.F 
32 ohms 

300 volta 

Tube Voltage Drop for plate current of 350 rnA (per plate) ...... 25 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 peak-plate-current 
rating. 



TECHNICAL DATA 

~ 
II< 
~250 

::l 

r:: 
~ 

5100 ... 
~ 
u ., 

50 

RATING CHART 

TYPE 3DG4 -II J .1 J I Ef '3.3 VOLTS AC 
MAXIMUM OPERATING VALIJES WITH:-f--

240 i--

I" rCHOKE -INPUT FILTER 
.. CAPACITOR-INPUT FILTER 

F IA 81''', 
I E!\ C 

I 
127J. 1-- '-- f-- f-- -- -L-1 

I I D 

: I 

_b3 325~ 375 G 
o 100 200 300 400 

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 
92C$-I098ZTl 

For replacement use type 3DA3/3DH3. 

Ie HALF-WAVE 
VACUUM RECTIFIER 
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30H3 

3DJ3 
Glass octal type used as a high-voltage rectifier to 
supply power to the anode of the picture tube in color 
television receivers. Outlines section, 14H; requires octal 
socket. Socket terminals 4 and 6 may be used as tie 
points for components at or near heater potential. For 
high-voltage and X-ray safety considerations, refer to 

8MX page 93. Heater: volts (ac/dc), 3.15; ampere, 0.3. 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 38000e 
Peak Plate Voltage ............................................. . 
Average Plate Current ..... : .................................... . 
Heater Voltage: 

Absolute maximum value ................................... . 
Absolute-minimum value ................. . ......... , ... . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 rnA 

X·RADIATION CHARACTERISTIC 
X-Radiation. maximum: 

Statistical value controlled on a lot sampling basis 

# Pulse duration must not exceed 15% of a horizontal scanning cycle . 
• The dc component must not exceed 30000 volts. 

100 
2 

3.65 
2.65 

70 

25 

volts 
rnA 
rnA 

volts 
volts 

volts 

mR/hr 

Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-l'adiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to type 6DK6. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 3DT6A. 
Refer to type 6DT6A. 

Refer to chart at end of section. 
For replacement use type 3AF4A/3DZ4. 

Refer to chart at end of section. 
For replacement use type 3EH7/XF183. 

30K6 
30R3 
3053 
30T6 

30T6A 

30Z4 

3EA5 
3EH7 
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3EH7/XF183 

3EJ7 

3EJ7/XFl84 

3ER5 

3FH5 

3F55 

3GK5 

3G58 

3G58/3BU8 

3HA5 

3HM5/3HA5 

3HQ5 

3H58 

3JC6 

3JC6A 

3JD6 

3KT6 

3LF4 

3Q4 

3Q5GT 

354 

3V4 

4AU6 

4AV6 

4BC5 

4BC8 

4BL8 

4BL8/XCF80 

4BN6 

4BQ7A 

RCA RECEIVING TUBE MANUAL 

Refer to type 6EH7/EF183. 

Refer to chart at end of section. 

Refer to type 6EJ7/EF184. 

Refer to type 6ER5. 

Refer to chart at end of section. 

Refer to type 6FS5. 

Refer to type 6GK5. 

Refer to chart at end of section. 
For replacement use type 3BU8/3GS8. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 3HM5/3HA5. 

Refer to type 6HM5/6HA5. 

Refer to type 6HQ5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JC6A. 

Refer to type 6JD6. 

Refer to type 6KT6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6A U6A. 

Refer to type 6A V6. 

Refer to chart at end of section. 

Refer to type 6BC8. 

Refer to chart at end of section. 

Refer to type 6BL8/ECF80. 

Refer to type 6BN6. 

For replacement use type 4BQ7A/4BZ7. 



TECHNICAL DATA 

Refer to type 6BQ7 A/6BZ7 /6BSS. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BUS. 

Refer to type 6BZ6. 

Refer to chart at end of section. 
For replacement use type 4BQ7A/4BZ7. 

Refer to type 6CB6A. 

Refer to type 6CS6. 

Refer to chart at end of section. 

Refer to type 6DE6. 

Refer to type 6DK6. 

Refer to chart at end of section. 

Refer to type 6DT6A. 

Refer to chart at end of section. 

Refer to type 6EH7/EFlS3. 

Refer to chart at end of section. 

Refer to type 6EJ7/EFlS4. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4KNS. 

Refer to chart at end of section. 
For replacement use type 4LU6. 

Refer to type 6GK5. 

Refer to type 6GJ7/ECFSOl. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4BUS/4GSS. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4HM5/4HA5. 

Refer to chart at end of section. 
For replacement use type 4HM5/4HA5. 

Refer to chart at end of section. 
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4BQ7A/4BZ7 

4B58 

4BU8 

4BU8/4G58 

4BZ6 

4BZ7 

4CB6 

4C56 

4CY5 

4DE6 

4DK6 

4DT6 

4DT6A 

4EH7 

4EH7jLF183 

4EJ7 

4EJ7jLF184 

4E58 

4ES8/XCC189 

4EW6 

4GK5 

4GJ7/XCF801 

4GM6 

4G58 

4G58/4BU8 

4GX7 

4GZ5 

4HA5 

4HA5/PC900 

4HA7 
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4HA7/4HC7 

4HC7 

Refer to chart at end of section. 

Refer to chart at end of section. 

4HM5/4HA5 

4HM6 

4HQ5 

4HS8 

4HT6 

4JC6 

4JC6A 

Refer to type 6HM5/6HA5. 

Refer to chart at end of section. 

Refer to type 6HQ5. 

Refer to type 6HSS. 

Refer to chart at end of section. 

Refer to chart at end of section. 

4JD6 

4JH6 

4KE8 

Refer to type 6JC6A. 

Refer to type 6JD6. 

Refer to type 6JH6. 

Refer to type 6KES. 

4KN8/4RHH8 

4KT6 

4U8 

4LU6 

4MK8 

4RHH2 

4RHH8 

5AM8 

5AN8 

5AQ5 

Refer to chart at end of section. 

Refer to type 6KT6. 

Refer to type 6LJS. 

Refer to chart at end of section. 

Refer to type 6MKSA. 

For replacement use type 4BQ7A/4BZ7 

For replacement use type 4KNS/4RHHS. 

5AR41 
GZ34 

Refer to type 6AMSA. 

Refer to type 6ANSA. 

Refer to type 6AQ5A. 

FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supply of television re
ceivers and other equipment having high dc require
ments. Outlines section, 13F: requires octal socket. It 
is especially important that this tube, like other power
handling tubes, be adequately ventilated. Heater: volts 
(ac/dc), 5; amperes, 1:9. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage .................................... . 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ........... . 
AC Plate-Supply Voltage (Per Plate, rms, without load) ....... . 
Average Output Curl'ent (Per Plate) ........................... . 

~p "P 

H 2 

I 8 
Ie H,K 

5DA 

1700 volts 
825 mA 
3.7 amperes 
See Rating Chart 
See Rating Chart 



TECHNICAL DATA 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Effective Plate-Supply Impedance per Plate ..... . 
Average Output Current ......................... . 
DC Output Voltage at Input to Filter ........... . 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter Input Choke .............................. . 
Average Output Current ......................... . 
DC Output Voltage at Input to Filter ............. . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 225 rnA 

(Per Plate) ........................ . 

RATING CHART 

450 
160 
225 
475 

450 
10 

250 
375 

F A 137 ~ I I 1 TYPE 5AR4/GZ34 
. B EI.~ VOLTS 

~12'HE~._~.[--:J.- ~~~Ic-+----I r ' MAXIMUM OPERATING "fE, I'< 
100 LL-...i:'VALUES WlTH:'=::=HHL+f-1 'I.~-+--+--i 

.. CAPACITOR-INPUT FILTER.J I :l I i 1 ~C!HOKE-INPUT FILTER J I \ 

Ie 175 , 
~ 75H- -- -- -- -t- --' D 

3 I i 
i i 
~50~,~~--+--+-~-~h-~~-~~ 

~ I ' 
52~~-~-+--+--~~'-r-~--r--1 

I I 
125 47~ G 

o 100 200 300 400 ~OO 600 700 
AC PLATE SUPPLY VOLTS (AMSI PER PLATE (WITHOUT LOAD) 

92CS-132l\7T 

Refer to chart at end of section. 

FULL-WAVE 
VACUUM RECTIFIER 

550 
200 
160 
620 

550 
10 

225 
465 

17 

5AS4 
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volts 
ohms 

mA 
volts 

volts 
henrIes 

mA 
volts 

volts 

5AS4A OPO: ~C 

NC 3 & Po, 

, 2 7 NC 

I 8 

He F 

5T 

Glass octal type used in power supplies of television 
receivers having high dc requirements. Outlines section, 
19D; requires octal socket. This type may be supplied 
with pins 3, 5, and 7 omitted. Vertical mounting is pre
ferred, but horizontal mounting is permissible if pins 
2 and 4 are in vertical plane. It is especially important 
that this tube, like other power-handling tubes, be ade

quately ventilated. Heater: volts (ac), 5; amperes, 3. For maximum 
ratings, typical operation, and curves, refer to type 5U4GB. 

Refer to chart at end of section. 

Refer to type 6AT8A. 

Refer to chart at end of section. 
For replacement use type 5V3A/5AU4. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5AS8 

5AT8 

5AU4 

5AV8 

5AW4 

5AZ4 

588 

58C3 
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SBC3A FULL-WAVE 
VACUUM RECTIFIER 

Novar types used in power supplies of radio equip
ment and television receivers having high dc require-

Poz 

ments. Outlines section, 31C; requires novar 9-contact 9QJ 
socket. Vertical operation is preferred, but tubes may be operated in hori
zontal position if pins 2 and 7 are in vertical plane. It is especially im
portant that these tubes, like other power-handling tubes, be adequately 
ventilated. Filament: volts (ac), 5; amperes, 3. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ........................... . 
Peak Plate Current (Pel' Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) 0 •••••••••••• 

AC Plate-Supply Voltage (Per Plate, rms) ..................... . 
Average Output Current (Per Plate) .......................... . 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ........ 600 900 
Filter-Input Capacitor" ........................ 40 40 
Total Effective Plate-Supply Impedance per Plate 21 67 
DC Output Voltage at Input to Filter (Approx.): 

At load current of: 300 rnA .............. 290 
275 rnA ............. . 460 
162 rnA ............. . 
150 rnA .............. 335 

137.5 rnA .............. . 520 
81 rnA ............. . 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) .......... . 900 
Filter-Input Choke ..................... : ......... . 10 
DC Output Voltage at Input to Filter (Approx.): 

At load current of: 348 rnA ................... . 340 
275 rnA .................. . 
174 rnA .................. . 355 

137.5 rnA .................. . 

1700 volts 
1 ampere 
5 amperes 
See Rating Chart 
See Rating Chart 

1100 volts 
40 p-F 
97 ohms 

volts 
volts 

630 volts 
volts 
volt. 

680 volts 

1100 volts 
10 henries 

volts 
440 volts 

volts 
445 volts 

o If hot switching is regularly required in opel'ation, the use of choke ... input circuits is 
recommended. Such circuits limit the hot-switching current to a value no higher than that 
of the peak plate current. When capacitor-input circuits al'e used, a maximum peak current 
value per plate of 5 amperes during the initial cycles of the hot-switching transient should 
not be exceeded. 
"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 peak 
plate current. 

RATING CHART 

TYPE 5BC3A • .1. J .J .I. J 
MAXIMUM OPERATING VALUES WITH.-
• CHOKE-INPUT FILTER 

OF A 

. r,CAPACITOR-INPUT FILTER 

190 -N 8
1
"",-I -0 -I EI\: I 

095 I -- --- -- -- --- 0 
I 
I 

0 
I 
I 
66 G 

o 100 200. 300 400 500 600 
AC PLATE SUPPLY VOLTS (RMS) PER'PLATE (WITHOUT LOAD) 

t2CS-1I100Ta 
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Refer to chart at end of section. 

Refer to type 6BK7B. 

Refer to type 6BQ7 A. 

For replacement use type 5BR8/5FV8. 

Refer to type 6BR8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CG8A. 

Refer to chart at end of section. 

Refer to type 6CL8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CZ5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EA8. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EW6. 

Refer to type 6FG7. 

Refer to chart at end of section. 
For replacement use type 5BR8/5FV8. 

Refer to type 6GH8A. 

Refer to chart at end of section. 

Refer to 6GJ7/ECF801. 

Refer to type 6GM6. 

Refer to type 6GS7. 

Refer to chart at end of section. 
For replacement use type 5HZ6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6HB7. 
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SBE8 

5BK7A 

SBQ7A 

SBR8 

SBR8/SFV8 

SBT8 

5BW8 

5CG8 

SCL8 

5CL8A 

5CM8 

SCQ8 

SCZS 

SDH8 

5DJ4 

SEA8 

5ES8 
SES8/YCC 189 

SEU8 

SEW6 

5FG7 

SFV8 

5GH8A 

SGJ7 

SGJ7/ LCF80 1 

SGM6 

SGS7 

SGX6 

SGX7 

SHA7 

SHB7 
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5HG8 

5HG8/LCF86 

5HZ6 

Refer to chart at end of section. 

Refer to type 6HG8/ECF86. 

5J6 

Refer to type 6HZ6. 

Refer to type 6J6A. 

5JK6 Refer to chart at end of section. 

5JL6 Refer to chart at end of section. 

5JW8 Refer to type 6JW8/ECF802. 

SKD8 MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. 9AE 

Heater Voltage (ac/dc) ......................................... . 
Heater ,Current ................................................. . 
Heater Warm-up Time .......................................... . 
Heater-Cathode Voltage: 

Peak value ............................................. . 
Average value ............................................ . 

Class At Amplifier 

6.6 
0.45 

11 

±200 max 
100 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

volts 
ampere 
seconds 

volts 
volts 

Plate Voltage .................................... . 330 330 volts 
Glid-No.2 (Screen-Grid) Supply Voltage .......... . 330 volts 
Grid-No.2 Voltage ............................... . See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 0 volts 
Plate Dissipation ................................ . 2.5 3 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 0.65 watt 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage .................................... 125 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ................................ -1 
Amplification Factor .............................. 40 
Plate Resistance (Approx.) ....................... . 
Tt'ansconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7500 
Plate CUlTent ................................... 13.5 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A .................... ...... ...... ........ ·-9 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................ . 

5KE8 Refer to type 6KE8. 

5KZ8 Refer to type 6KZ8. 

125 volts 
110 volts 
-1 volt 

0.2 megohm 
5000 p.mhos 

9.5 mA 
3.6 rnA 

-8 volts 

0.5 megohm 
1 megohm 



TECHNICAL DATA 

F 2 

, . 

Refer to type 6LJS. 

Refer to type 6MB8. 

For replacement use type 5J6. 

Refer to type 6MQ8. 

FULL-WAVE 
VACUUM RECTIFIER 

5US 

5MBS 

5MHH3 

5MQS 

SR4GB 
INDUSTRIAL 

TYPE 

147 

CPD! b"D, 

NC F 

51 
Glass octal type for industrial and military applica
tions. Outlines section, 19D; requires octal socket. 

Filament Voltage (ac/dc) ........... ............................ 5 volts 
Filament Current ............................................... 2 amperes 
Operating Position ....................... Vertical, base down or UP. 01' Horizontal 

with pins 2 and 4 in vertical plane 

FUll-Wave Rectifier 

MAXIMUM RATINGS (Abs:llute-Maximum Values) 
For altitudes up to 

Peak Inverse Plate Voltage ................. ,. ... . 
AC Plate Supply Voltage Per Plate (RMS, without load) 
Peak Plate Current Per Plate ... . ........... . 
DC Output Current Per Plate ................ . 
Hot-Switching Transient· Plate Current Per Plate .... . 
Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION (With Capacitor-Input Filter) 
For altitudes up to 

AC-Plate-to-Plate Supply Voltage (RMS, without load) 
Filter-Input Capacitor ............................... . 
Total Effective Plate Supply Impedance Per Plate"" ... . 
DC Ouptut Voltage at Input to Filter (approx.): 

At half-load current of f 75 rnA ............. . 
1125 rnA ........... . 

At full-load current of H~g :::!: ............ . 
Voltage Regulation (approx.): 

Half-load to full-load current .......... . 
DC Ouput Current ................................... . 

TYPICAL OPERATION (With Choke-Input Filter) 
For altitudes up to 

AC Platc-to-Plate Supply Voltage (RMS, without load) 
Filter-Input Choke ................................... . 
DC Output Voltage at Input to Filter for dc output 

(approx.) : 
B7.5 rnA ......................................... . 
125 rnA .................................. . 
175 rnA .................................. . 
250 rnA .................................. . 

40000 20000 
2650 3100 

See Rating Chart 
715 715 

See Rating Chart . " 
230 230 

40000 20000 
1400 1500 2000 

20 20 20 
225 250 375 

910 1210 
750 

BOO 1040 
605 

145 110 170 
250 150 150 

40000 20000 
1500 1900 

5 10 

BOO 
600 

760 
560 

feet 
volts 

rnA 

'C 

feet 
volts 

p.F 
ohms 

volts 
volta 
volts 
volts 

volts 
rnA 

feet 
volts 

henries 

volts 
volts 
volts 
volts 

Voltage Regulation (Approx.): 
Half-load to full-load current 40 40 volts 

DC Output Current... ........ .... 250 175 rnA 

• It bot-switching is required in operation. choke-input circuits are recommended. Such 
circuits limit the hot-switching current to a value no higher than that of the peak plate 
eurrent. When capacitor-input circuits are used, a maximum value of 3 amperes should 
not be exceeded . 

•• Indicated values for conditions shown will limit peak plate current to the maximum-rated 
value. When a filter-input capacitor larger than 20 p.f is used, it may be necessary to in
crease plate-supply impedance to a higher value than that shown in the data to limit the 
peak plate current to the maximum-ratcd value. 
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RATING CHART 

~ 
~ 150 

TYPE 5R4GYB MAXIMUM VOLTAGE RATING' 

"., "'''' " ':; l'Ixf£"f.7<T 1 
MAXIMUM OPERATING VALUES WITH: 
A\HOKE-INPUT FILTER 

F 
A . ~PACITOR-INPUT FILT~R 

~ < 100 

3 

E ~ 

"' 
r-..D 

:::E 
t- 50 

G ~ o 200 400 600 800 1000 1200 
AC PLATE SUPPLY VOLTS (RMS) 
PER PLATE (WITHOUT LOAD) 92CM-9943TI 

5R4GY 
5R4GYB For replacement use type 5R4GB. 

5T4 

5T8 

5U4G 

Refer to chart at end of section. 

Refer to type 6T8A. 

Refer to chart at end of section. 

SU4GB FULL-WAVE 
VACUUM RECTIFIER POz HC 

Glass octal type used in power supplies of radio and o~ 
color and. black-and-white television receivers having NC 3 6 PD. 

high dc requirements. Outlines section, 19E; requires 
octal socket. This type may be supplied with pins 3, F 2 7 He 

5, .and 7 omitted. Vertical mounting is preferred, but • 8 

horizontal mounting is permissible if pins 2 and 4 are He F 

in vertical plane. The coated filament is designed to 5T 
operate from the ac line through a step-down transformer. The voltage at 
the filament terminals should be 5 volts 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 Opera
tion Characteristics, refer to Interpretation of Tube Data. Filament: volts 
(ac), 5; amperes, 3 .. 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ..................................•. 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ............. . 
AC Plate Supply Voltage (Per Plate, rms) ...................•.• 
Avera¥e Output Current (Per Plate) ........................•... 
TYPICAL ·OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltqe (rms) ... . . . 600 
Filter-Input Capacitor· ........................ 40 
Total Effective Plate-Supply Impedance per Plate 21 
DC Output Volta¥e at Input totFil~50 (A~rox:~.: 

At full-load current of 137.6 mA .... 
81 mA .,. 

300 mA ... . 
At half-load current of 276 mA ... . 

162 mA ... . 

335 

290 

Volta¥e Regulation (Approx.): 
Half-load to full-load current ............... . 45 

900 
40 
67 

520 

460 

60 

1660 volts 

# 
1 ampere 

See Rating Chart 
See Rating Chart 

1100 volts 
40 pF 
97 ohms 

volts 
volts 

680 volts 
volts 
volts 

630 volts 

60 volts 



TECHNICAL DATA 

RATING CHART 

~ 
TYPE 5U4GB 
't-5 VOLTS AC J 

-' .. MAXIMUM OPERATING VALUES WITH: 
II: .. 
Q. 200 

I CHOKE -INPUT FILTER 
CAPACITOR -INPUT FILTER __ -

::l 
0: 

i I~O 
~ 
: 100 
:> 
i!: 
:> 
o 50 
g 

F A ~ I 175 __ 
-t ":"-8~75 __ -- :\ -'> c 

I 
I 

81-1- -- --- -- -I- -\0 
I I 

f---+---
I I 
I I 
48 450 G 550 

o 100 200 300 400 500 600 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE {WITH~~J-B~~:Rl 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter-Input Choke ............................... . 
DC Output Voltage at Input to Filter (Approx.): 
At half-load current of { 174 rnA ..... . 

137.6 mA ..... . 

At full-load current of { ~~g ::! 
. Voltage Regulaton (Approx.): 

Half-load to full-load current .............•..•. 

900 
10 

366 

340 

16 

1100 
10 

440 

16 

149 

volts 
henries 

volts 
volts 

volt. 
volts 

volts 
#- If hot switching is regularly required in operation, the use of choke-input circuit. i9 
recommended. Such circuits limit the hot-switching current to a value no higher than that 
of the peak plate current. When capacitor-input circuit. are used, a maximum peak current 
value per plate of 4.6 amperes during the initial cycles of the hot-switching transient should 
not be exceeded. 
• 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 peak 
plate current. 

OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUIT, CHOKE: INPUT TO FrL TER 

TYPE 5U4GB 
E.f"=5.0YOLTS AC SUPPLY FREQUENCY=60CPS 
SOLID-LINE CURVES=CHOKES OF INFINITE 

INDUCTANCE 
LONG-DASH LlN[S=BOUNDARY LINES FOR 

CHOKE SIZES AS SHOWN -
SHORT-DASH CURVES::;REGULATION CURVES 

FOR REPRESENTATIVE 
CHOKE SIZES , , 

CURRENT-AND-VOLTAGE BOUNDARY LINE CSA 
IS THE SAME AS SHOWN ON RATING CHART 

1-'-- = _.' 
~ I-~ 0 AS SHOWN eT "I'r 

OPERATION CHARACTERISTICS 
T CAPAOTOR INPUT TO F'ILTER FULL-WAVE CIRCUI • 

TYPE 5U4GB 
Ef':: 5.0 VOLTS AC 
SUPPLY FREQUENCY =. 60 CPS 
CAPACITOR (C) INPUT TO FILTER: 40 Uf' 
TOTAL EFFECTIVE: PLATE-SUPPLY IMPEDANCE 

PER PLATE: -
g~~~EI:, ~ 2~ ;S !)~ :7 ;2 981 

CURRENT-AND-VOLTAG£ BOUNDARY LINE 'DEA'::; 
Se:. E. RATING CHART 

~f 
c----C:J--'-f--

1--

t-- - -

80C ~-- r-- -

~I_- .--
~ 

....... 

--- L_ 1'-.. 0 
60 c--

~ 1'-- --- --.: r--. --~ ~ ---N 
~ 

~"'s -400 ~ r---r--;--~ ~ 
I~ 
l-

I'-r--;---4 f-200 
"-\, 

~ 
0 100 

DC LOA~ MILLIAMPtRrs 
40 
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sua 
5U9/LCF201 

SV3 

5V3A 

Refer to type 6USA. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 5V3A/5AU4. 

For replacement use type 5V3A/5AU4. 

SV3A/SAU4 FULL·WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip
ment having high dc requirements. Outlines section, 
19E; requires octal socket. Vertical mounting is pre
ferred, but horizontal mounting is permissible if pins 

OPO: :e 
NC 3 6 POI 

F 2 7 NC 

I B 
He , 

2 and 4 are in vertical plane. It is especially important 5T that this tube, like other power-handling tubes, be ade
quately ventilated. For discussion of Rating Chart, refer to 
of Tube Data. Filament: volts (ac/dc), 5; amperes, 3. 

Interpretation 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage ..................................... 1550 
Peak Plate Current (Per Plate) ................................ 1.4 
Hot-Switching Transient Plate Current (Per Plate) ......•••••. 6.6 
AC Plate-Supply Voltage (Per Plate. rms, without load) ......... 550 
Average Output Current (Per Plate) ........................... 415" 
"With capacitor-input filter for ac plate-supply volts (rms, per plate. without load) 

TYPICAL OPERATION 
Filter Input Capacitor Choke 

AC Plate-to-Plate Supply Voltage (rms) .........• 
Filter-Input Capacitor" ........................... . 

850 1000 
40 

Effective Plate-Supply Impedance per Plate ....... . 
Minimum Filter-Input Choke ..................... . 

50 
10 

Average Output Current ......................... . 350 350 
DC Output at Input to Filter (Approx.) ........... . 440 390 

CHARACTERISTIC 

volts 
amperes 
amperes 

volts 
mA 

= 470. 

volts 

o~ 
henries 

mA 
volts 

Tube Voltage Drop for plate current of 350 mA (per plate) .... 42 volts 
" When capacitor values greater than 40 p.F are used. the effective plate-supply Impedance 
should be increased so that the maximum rating for peak plate current Is not exceeded. 

g 

SV4G 

RATING CHART 

TYPE 5V3A MAXIMIJM OPERATING VALIlES WITH' 
E,'5 VOLTS AC r~HOKE-INPUT FILTER 

~CAPACITOR-INPUT FILTER 

F A l I B 
p!25l' r-- I !'\. 

fl!~- -- I-- ~ ~-~C i E. 

I :\ ~~ ---- 1--- -- D 

I i , .. 
I I 
5~ r25 G 

o 100 200 500 400 500 600 700 800 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE(WITHOUT LOAD) 

9ZCS-I02SITZ 

Refer to chart at end of section. 



TECHNICAL DATA 

FULL-WAVE 
VACUUM RECTIFIER 

151 

5V4GA ",~' 
~ 

NC H 

5L 

Glass octal type used in full-wave power supplies hav
ing high dc requirements. Outlines section, 19B; requires 
octal socket. The heater is designed to operate from 
the ac line through a step-down transformer. The volt
age at the heater terminals should be 5 volts under 

operating conditions at an average line voltage of 117 volts. It is especially 
important that these tubes, like other power-handling tubes, be adequately 
ventilated. Heater: volts (ac/dc) 5; amperes, 2. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage .................................... . 
AC Plate.Supply Voltage (Per Plate, rma): 

With capacitor-input filter ................................. . 
With choke-input filter ..................................... . 

Peak Plate Current (Per Plate) ............................... . 
Average Output Current ....................................... . 

TYPICAL OPERATION 
Filter Input 

AC Plate-to-Plate Supply Voltage (rms) ....... . 
Filter-Input Capacitor· .......................... . 
Total EffeGtive Plate-Supply Impedance per Plate .. 
Filter-Input Choke ............................... . 
DC Output Voltage at Input to Filter (Approx.): 

Capacitor 
750 

10 
100 

At output current of 175 mA ................ 410 

1400 volts 

375 volts 
600 volts 
525 mA 
175 mA 

Choke 
1000 volts 

p.F 
ohms , henries 

410 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 peak 
plate current. 

It: 

'" ~ 
.:500 

o .. 
~400 
0. 

!: 
~ 300 
en 
~ 
o 
>200 .. 
:> 
0. .. 
5 100 

g 
o 

OPERATION CHARACTERISTICS 
FULL-WAVE RECTIFIER CIRCUIT 

n~~5V4.GA 
E~=5.0 VOLTS 

.:~':"~~ti<RE1~~~~~= Tto f'~rfER: I 
L =4 HENRIES (MIN.) 

:::::}CAP~b~?rf:~~~~~~~T~~[J~~t~: 
I I MP(OANCE PER PLAn: = 

3?,s ) 100lOHMS 

r-~(rsl1 
r- .500 ~~s pJ ..I .J-r--

-,- ._.:.:,. ~(ATE: 
r-~ '" ' .. 

400 ~ C;'~.IIj'_ - ",. ii:!-r:-: •••••• ~8 __ 

300 ····04 - - - -

a 50 100 150 200 
DC LOAD MILLIAMPERES 

92CM-6090T2 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

SV6GT 

5W4 
5W4GT 

5X4G 
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Refer to type 6X8A. 5X8 

5Y3G 
5Y3GA For replacement use type 5Y3GT. 

SY3GT FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of radio and 
television equipment having moderate dc requirements. 
Outlines section, 13E; requires octal socket. Vertical 
mounting is preferred, but horizontal mounting is per
missible if pins 2 and 8 are in horizontal plane. It is 
especially important that this tube, like other power
handling tubes, be adequately ventilated. For discussion 
of Rating Chart and Operating Characteristics, refer to 
Tube Data. Filament: volts (ac), 5; amperes, 2. 

NCOPO

: :C 6 PO, 

F 2 7 NC 
I 8 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ................................•... 
Peak Plate Current (Per. Plate) ............................... . 
Hot-Switching Transient Plate Current (Per Plate) ............ . 
AC Plate Supply Voltage (Per PI"te, rms) ..................... . 
DC Output Current (Per Plate) ............................... . 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ......... . 
Filter Input ClOpacitor* ......................... . 
Effective Plate-Supply Impedance per Plate ..... . 
DC Output Voltage at Input to Filter (Approx.): .. 

At half-load current of 1 62.5 mA ......... . 
42 rnA ......... . 

At full-load current of 125 mA .......... . 
84 mA ......... . 

Voltage Regulation (Approx.): 
Half-load to full-load current .....•.•.......•• 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plateoto-Plate Supply Voltage (rms) ......... . 
Filter Input Choke# ............................. . 
ITC Output Voltage at Input to Filter (Approx.): 

At half-load current of { 6i.~ :~ : : : : : : : : : : 
At full-load current of { m :~ : : : : : : : : : : 

Voltage Regulation (Approx.): 
Half-load to full-load current ................ . 

RATING CHART 

TYPE 5Y3GT I I I I 
Ef '5 VOLTS AC 

700 
20 
50 

390 

360 

40 

700 
10 

270 

245 

25 

\oJ 
I... 
..J .. r--- MAXIMUM OP~f/ArING VAW~S WlrH.· 

a: 
~ 
., 80 
\oJ a: 
\oJ .. 
" 60 ... 
:; 
..J 

i 40 
I-

" .. 
I-

6: 20 
g 

F A 

I 
6g.~ 

I 
I 

3l.-1-
I 
I 

I 
I I 
62 

f CHOKE-INPUT FILTER 
I rCAPACITOR-INPUT FILTER 

---~ 81' 
~' ~C 

I 

~D I 

--- --- I ,-
I 
I 

I 
I 
35 G 

o 100 200 300 400 500 

r---

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 
9lCS-139&U 

NC F 

5T 
Interpretation of 

1400 volta 
440 rnA 
2.5 amperes 

See Rating Chart 
See Rating Chart 

1000 volta 
10 ,u' 

140 ohms 

volta 
610 volta 

volta 
560 volta 

50 volta 

1000 volts 
10 henries 

volts 
405 volts 

volts 
380 volts 

15 volts 
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OIl 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 currents are not less than 35 rnA and 50 rnA. respectively. for plate-to
plate supply voltages of 700 and 1000 volts (rms). 

OPERATION CHARACTERISTICS 
FULL - WAVE ClRCUtT, CAPACITOR INPUT TO FILTER 

OPERATION CHARACTERISTICS 
FULL~WAVE CIRCUIT, CHOKE INPUT TO FILTER 

700 

600 

oc 
w 
I-
-' 
i: 500 

0 
l-

t-
::> 
a. z 
- 400 
t-« 
VI 
I-
-' 
j; 
t-

300 

::> 
a. 
t-
::> 
0 

u 
0200 

100 

TYPE 5Y3GT E.p:: 5.0 VOLTS AC TYPE 5Y3GT E.p::S a VOLTS AC 
I -+ ~IL TER-INPUT CAPACITOR 

---+-- ~~~~ EFFECT, PLAT[-
1 LI SUPPLY IMPEDANCE PER 

700 - - -- INDUCTANCE 
i-l--CHOKES OF INFINITE 

__ {50 OHMS FOR 

i PLATE 140 o~U::Eio~-5 
I CURVES 6-8 
+----- - ADK = SEE RATING 

CHART 
I 

80 120 
LOAD MILLIAMPERES 

92CM-739ST 

t;: 
0 
I-

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

-----CHOKES Of VALUES 
SHOWN 

-- I--BOUNDARY LINE FOR 
CHOKE VALUES SHOWN 
CEK=SEE: RATING 
CHART 

~f' o AS SHOWN T 161" 

80 120 
LOAD MILLIAMPERES 

92CM-7394T 

5Y4G 

5Y4GA 
5Y4GT 

5Z3 

For replacement use type 5Y3GT. 5Z4 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6A3 

6A6 

6A7 

6A7S 

6A8 

6A8G 
6A8GT 
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,6AB4 HIGH-MU TRIODE 
Miniature type used as cathode-drive amplifier, fre
quency converter, or oscillator at frequencies up to 
300 MHz in, television "and FM receivers. Outlines sec
tion, 5C; requires miniature 7-contact socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.15. For operation as re
sistance-coupled amplier, refer to Resistance-Coupled 
Amplifier section. For maximum ratings, characteris
tics, and curves refer to type 12AT7. 

~
H4 ~NC 

H G 
3 ___ 6 

2 7 
IS K 

I 
P 

6AB5/6N5 
6AB7 

6AC5GT 
6AC7 

6AC7W 

6AC10 
8ACIO, 1:ZACIOA 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

HIGH-MU TRIPLE TRIODE 

SCE 

Duodecar type used in matrixing (color-difference) 
circuits of color television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Types 8ACI0 
and 12ACI0A are identical with type 6ACI0 except for 
heater ratings. 

Heater Voltage (ac/dc) ................. . 
6ACIO 

6.3 
0.6 
11 

8ACI0 
8.4 

0.45 

12FE 
12ACI0A 

12.5 
Heater Current .. .. . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value .... ' ...................... . 
Average value ....................... . 

±200 max 
100 max 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

11 

±200 max 
100 max 

Plate Voltage .................................................. . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Cathode-Bias Resistor ........................................... . 
Amplification Factor ................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance . . .. . ....................................... . 
Plate Current .................................................. . 
Grid Voltage (appl'ox.) for plate current of 100 JLA .............. . 

MAXIMUM CIRCUIT VALUE 

0.3 
11 

±200 max 
100 max 

330 
2 

200 
150 

62 
10700 
5800 

9 
-5 

volts 
ampere 
seconds 

volts 
volts 

volts 
watts 

volts 
ohms 

ohms 
JLmhos 

rnA 
volts 

Grid·Circuit Resistance 0.5 megohm 

6AD6G 
6AD7G 

6AD10 

Refer to chart at end of section. 
Refer to chart at end of section. 

BEAM POWER TUBE
SHARP-CUTOFF PENTODE 

Duodecar type used as FM detector and audio-fre
quency output amplifier in color and black-and-white 
television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. 12EZ 



TECHNICAL DATA 

Heater Voltage (ae/de) ......................................... . 
Heater Current ................................................. . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value. . ........................... . 

Direct Interelectrode Capacitances: 
Beam Power Unit: 

Grid No.1 to Plate ............ . .................. . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................................... . 
Pentode Unit: 

Grid No.1 to Plate .................................. . 
Grid No.3 to Plate .......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal ~hield . . . . . . . . ............. . 
Grid No.3 to Cathode. Heater, Grid No.1, Grid No.2, Plate. 

and Internal Shield ...................................... . 
Grid No.1 to Grid No.3 .... . ............................... . 

Plate-of Beam Power Unit to Plate of Pentode Unit .......... . 

Beam Power Unit as Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 

TYPICAL OPERATION 
Plate Voltage .................................................. . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current .. . 
Maximum-Signal Plate Current ................................. . 
Zero-Signa: Grid-No.2 Current ............................... . 
Maximum-Signal Grid-No.2 Current ..................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Load Resistance ............................................ . 
Total Harmonic Distortion ........ . ................. . 
Maximum-Signal Power Output ............ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed ... bias operation ................ . 
For cathode-bias. operation ..... . 

Pentode Unit as Class A, Amplifier 
CHARACTERISTICS 

155 

6.3 volts 
1.06 amperes 

±200 max volts 
100 max volts 

0.26 pF 

11 pF 

11 pF 

0.024 pF 
3.4 pF 

8 pF 

9.5 pF 
0.12 pF 
0.:14 pF 

275 volts 
275 volts 

10 watts 
2 watts 

250 volts 
250 volts 
-8 volts 

8 volts 
35 mA 
39 mA 

2.5 mA 
7 mA 

0.1 megohm 
6500 Il.mhos 
5000 ohms 

10 pt'r cent 
4.2 wntts 

0.25 megohm 
0.5 Inegohm 

Plate Supply Voltage .......... . . . . . . . . . . . . . . 150 volts 
Grid No.3 (Control Grid) ....... Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Voltage ......................... 100 volts 
Grid No.1 (Control Grid) .................... Connecte,l to negative end of ,·"thode resIstor 
Cathode-Bias Resistor ............................................ 180 ohms 
Plate Resistance (Approx.) ...................................... 0.11 megohm 
Transconductance, Grid No.1 to Plate ............................ 3400 /Lmhos 
'rransconductance, Grid No.3 to Plate ...... .................... 600 /Lmhos 
Plate Current ................................................... 3.2 mA 
Grid-No.2 Current .............................................. 3.2 mA 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA .......... -4.5 volts 
Grid-No.3 Voltage (Approx.) for plate current of 20 /LA .......... -7 volt< 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 Voltage: 

Negative-bias value ......................................... . 
Positive--bias value .......................................... . 

Grid-No.2 Supply Voltage ....................................... . 
Grid-NO.2 Voltage .............................................. . 
Grid-No.1 Voltage: 

Negative-bias value ................................. . 
Positive-bias value .... . ................................... . 

Plate Dissipation ............................................... . 
Grid-No.3 Input ................................................ . 
Grid-No.2 Input: 

For grid-No.2 Yoltages up to 150 volts ....................... . 
For grid-No.2 voltages between 150 and 300 volts ............. . 

:WO volts 

100 volts 
25 volt. 

300 volts 

See l~urve page 300 
-60 volts 

a volts 
1.7 watts 
0.1 watt 

1 watt 
Sec curve page 300 
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MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance .................................... . 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .. , .................................. . 
For catbode-bias operation ..............................•..•. 

0.68 

0.22 
0.47 

6AESGT 

6AE6G 

6AE7GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6AF3 
lZAF3, 

lZAF3/lZBRJ/lZRK19 

HALF-WAVE 
VACUUM RECTIFIER 

Miniature type used as a damper tube in horizontal
deflection circuits of television receivers. Outlines sec
tion, 7C; requires miniature 9-contact socket. Socket 
terminals 1, 2, 3, 6, 7, and 8 should not be used as tie 
points. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. 
Types 12AF3 and 12AF3/12BR3/12RK19 are identical 
with type 6AF3 except for heater ratings. 

6AF3 12AF3 

SCB 

12AF3/12BR3/ 
12RK19 

Heater Voltage (ac/dc) ......................... . 6.3 12.6 
Heater Current .................................. . 1.2 0.6 
Heater Warm-up Time ~Average) ................ . 

Damper Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Invel .. e Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 
Bulb Temperature (At hottest point) ........................... . 

11 

4500 
750 
185 
210 

megohm 

megohm 
megohm 

volts 
amperes 
seconds 

volts 
mA 
mA 

·C 
Heater-Cathode Voltage: 

Peak value ................................... +300 -4500 volts 
Average value ................................ +100 -1000 volts 

"" Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6AF4 
6AF4A MEDIUM-MU TRIODE ~4 5 K 

2AF4B/2DZ4, H 3 6 G 
3AF4A/3DZ4 

G 2 7 p 
Miniature types used as local oscillators in uhf tele-
vision receivers covering the frequency range of 470 p I 

to 890 MHz. Outlines section, 5C and 5B, respectively; 7DK 
requires miniature 7-contact socket. Types 2AF4B/2DZ4 and 3AF4A/3DZ4 
are identical with type 6AF4A except for heater and heater-cathode ratings. 

2AF4B/ 3AF4A/ 6AF4 
2DZ4 3DZ4 6AF4A 

Heater Voltage (ac/dc) ..................... . 2.35 3.15 6.3 
Heater Current .............................. . 0.6 0.45 0.225 
Heater Warm·up Time (Average) ............. . 
Heater-Cathode Voltage: 

11 11 

Peak value ................................ ±180 max ±50 max ±50max 
Average value ............................. 100 max 25 max 25 max 

Direct Interelectrode Capacitances:" 
Grid to Plate ............................................. . 1.9 
Grid to Cathode and Heater ................................. . 2.2 
Plate to Cathode and Heater ............................... . 1.4 
Heater to Cathode (External Shield connected to plate) ..... . 2.2 

"With external shield connected to cathode. except as noted. 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
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Class A. Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Cathode-Bias Resistor ......................................... . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 

UHF Oscillator 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Negative-bias value ............................. . 
Grid Current .................................................. . 
Plate Dissipation .............................................. . 
Average Cathode Current ...................................... . 

TYPICAL OPERATION AS OSILLATOR AT 1000 MHz 
Plate Supply Voltage .......................................... . 
Plate Resistor ................................................. . 
Grid Resistor ................................................. . 
Plate Current ................................................. . 
Grid Current (Approx.) ....................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................•• 

60~~--~---r---r-T-Y-P-E-6-A-F~4-A~ 

92CS-7756T1 

80 
150 

13.5 
2100 
6500 
17.5 

150 
50 
2 

2.5 
24 

100 
220 

10000 
17 

750 

157 

volts 
ohms 

ohms 
I'mhos 

mA 

volts 
volts 

mA 
watts 

mA 

volts 
ohms 
ohms 

mA 
I'A 

Not recommended 
0.5 megohm 

~
IICA 4 sTA ELECTRON-RAY TUBE 6AF6G 
3 Glass octal type used to indicate visually, by means of 

ReB --- --- two shadows on the fluorescent target, the effects of 
H 2 7 H changes in the controlling voltages. It is a twin-indi-

cator type and is used as a convenient means of indi-
Ne 18K eating accurate radio-receiver tuning. This type may 

7AG be supplied with pin No.1 omitted. Tube requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indi
cator service: fluorescent-target volts, 250 max, 125 min; ray-control
electrode supply volts, 250 max; peak heater-cathode volts, 90 max. Typical 
operation: fluorescent-target volts, 250; fluorescent-target rnA, 3.75; ray
contact-electrode volts (approx. for O· shadow angle), 155; ray-control
electrode volts (approx. for 100· shadow angle), O. 
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6AF9 DUAL PENTODE 
llAFlI 

Miniature type used in television receiver applications. 
Unit No.1 is used as a video output pentode, and unit 
No.2 as a sound if amplifier, agc amplifier, or sync 
separator. Outlines section, 6L, except has 10-pin base; 
requires miniature 10-contact socket. Type llAF9 is 
identical with type 6AF9 except for heater ratings. 

Heater Voltage (acldc) .......................... . 
Heater CUl"l"ent .................................. . 
Peak Heatel'-Cathode Voltage ................... . 

Direct Interelectrode Capacitances: 
Plate to All Othel' Electrodes (except grid No.1) 
Grid No.1 to All Other Electrodes (except plate) 
Plate to Grid No.1 ........................... . 
Grid No.1 to Heater ......................... . 

6AF9 
6.3 

0.85 
±200 max 

Unit No.1 
7 

12 
0.106 

lOL 
llAF9 

. 11.6 
0.46 

±200 max 

Unit No.2 
11 
10 

0.140 
0.140 

Plate of Unit No.1 to Plate of Unit No.2 ..... . 0.160 max 
Grid No.1 of Unit No.1 to Grid No.1 of Unit 

No.2 ..................................... . 0.010 max 
Plate of Unit No.1 to Grid No.1 of Unit No.2 .. . 0.100 max 
Plate of Unit No.2 to Grid No.1 of Unit No.1 .. 0.005 max 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ............................. . 
Plate Voltage ................................... . 
Grid-No.2 (Scl'een-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Cathode CUl"l"ent ................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Input ................................. . 

CHARACTERISTICS 
Plate Voltage ..................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Gl'id) Voltage ................. . 
Mu Factor, Grid No.1 to Grid No.2 ............... . 
Internal Resistance ............................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance ..................... . 

Unit No.1 
650 
250 
550 
250 

60 
5.1 
2.5 

170 
170 

-2.6 
38 

0.032 
22000 

30 
7.2 

6AFll 
15AFll 

DUAL TRIODE
SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
The high-mu triode unit is used for agc keyer service. 
the medium-mu triode unit for sync separator service. 
and the pentode unit for video amplifier service. Out
lines section, 8C; requires duodecar 12-contact socket. 
Type 15AFll is identical with type 6AFll except for 
heater ratings. 

6AFll 
Heater Voltage (ac/dc) ......................... . 
Heater Current .................................. . 

6.3 
1.05 

Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

Peak value .................................. . ±200 max 
Average value ............................... . 100 max 

Unit No.2 
550 
250 
550 
250 

15 
1.5 
0.5 

150 
150 

-2.1 
38 

0.16 
8500 

10 
3 

15AFll 
14.7 
0.45 

11 

±200max 
100 max 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 

pF 
pF 
pF 

volts 
volts 
volts 
volts 

mA 
watts 
watts 

volts 
volts 
volts 

megohm 
pmhos 

mA 
mA 

megohm 

volts 
amperes 
seconds 

volts 
volts 
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Class At Amplifier 
Triode Triode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 Unit 
Plate Voltage ................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ....... . 

330 330 330 volts 
330 volts 

Grid-No.2 Voltage ............................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-

See curve page 300 

bias value ................................ . 0 0 0 volts 
Plate Dissipation ............................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..... . 
For grid-No.2 voltages between 165 and 330 

volts ................................... . 

CHARACTERISTICS 
Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ..................... . 
Grid-No.1 Voltage ............................ . 
Cathode-Bias Resistor ......................... . 
Amplification Factor .......................... . 
Plate Resistance (Appl'ox.) .................... . 
Transconductance ............................ . 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 p.A ............................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................... . 
For cathode-bjas operation ................ . 

1.1 

200 

--2 

68 
12400 

5500 
7 

0.5 
1 

2 

200 

220 
41 

9400 
4400 

9.2 

-6.5 

0.5 
1 

SHARP-CUTOFF PENTODE 

5 watts 

1.25 watts 

See curve page 300 

250 
150 

100 

68000 
11000 

24 
4.8 

-10 

0.25 
1 

volts 
volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 

megohm 
megohm 

6AGS 

7BD 

Miniature type used in compact radio equipment as an 
rf or if amplifier up to 400 MHz. Outlines section, 5C; 
requires miniature 7-contact socket. For typical opera
tion as a resistance-coupled amplifier, refer to Resist
ance-Coupled Amplifier section. 

Heater Voltage (aelde) .......................................•. 
Heater Current ................................................ . 
Direct Interelectrode Capacitances: 

Pentode Unit: 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .....................................• 
Plate to Cathode, Heatel', Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Triode Unit: 

Grid No.1 to Plate and Grid No.2 ......................... . 
Grid No.1 to Cathode, Heater, Grid No.3, and Internal Shield 
Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.3, and Internal Shield 

Class At Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage '" ............................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts 
For grid No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

Triode 
Connection * 

300 

o 
2.5 

6.3 volts 
0.3 ampere 

0.030 max pF 

6.5 pF 

1.8 pF 

2.5 pF 
a.6 pF 

3 pF 
3 pF 

Pentode 
Connection 

300 volts 
volts 

curve page 300 
volts 

watts 

300 
See 
o 
2 

0.5 watt 
See clirve lmge 300 

Plate Supply Voltage ............................ . 
Grid-No.2 Supply Voltage ....................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 

180 250 100 125 250 
100 125 150 

330 820 180 100 180 
45 42 

volts 
volts 

ohms 

Plate Resistance (Approx.) ....................... . 
Transconductance ............. . ........ . 
Plate Current .................................... . 

0.008 0.01 0.6 0.5 0.8 
5700 3800 4500 5100 5000 

7 5.5 4.5 7.2 6.5 

megohm 
p.mhos 

mA 
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Triode Pentode 
Connection 111 Connection 

Grid-No.2 CUrl'ent ............................... . 1.4 2.1 2 rnA 
Grid-No.1 Voltage (Approx.) for plate current of 

10 /LA .............•....•...••........•....••. --5-6-8 volts 
• Grid No.2 connected to plate. 

6AG7 POWER PENTODE 

Metal type used in output stage of video amplifier of 
color and black-and-white television receivers. Outlines 
section, 2B; requires octal socket. 
Heater Voltage (ac/dc) .......................................• 
Heater Current ........... ; .................................... . 
Peak Heater-Cathode Voltage ................................ .. 
Direct Interelectrode Capacitances:-

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield .................................... .. 
- Pins 1 and 3 connected to Pin No.5. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage, Positive-bias value ....................... ". 
Plate Dissipation , .. , ....... " .. , ... ,'" , .. , . , . , ... , , , , , , . , , , . , . , 
Grid-No.2 Input ...................................... ,., ...... . 

CHARACTERISTICS 
Plate Voltage ......................... , ................ , ... ,', .. 
Grid No.3 (Suppressor Grid) ...... '. : ... , .... , ... , , .. , , .. Connected 
Grid-No.2 (Screen-Grid) Voltage .... c ... , . , .. , •. , , ... , ...••.•... 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ............... , ..................... . 
Zero-Signal Grid-No.2 Current .................. , .............. . 
Maximum-Signal Grid-No.2 CUl'rent ........ , .................... . 
Zero-Signal Grid-No.2 Current ...................... , .......... . 
Maximum-Signal Grid-No.2 Current , ........ " ...... , ... , ...... , 
Plate Resistance ................ , , .......... , , ... , ....... , , , , , . 
Transconductance ......... "." ..... ".,' . , , , , .. , , , ... , ........ . 
Load Resistance ............................. ,., .. " ... " .. ".,' 
Total Harmonic Distortion ., ...... , ... , ...... ".,', .. " .. " ... ,. 
Maximum-Signal Power Output .... , ....... " .. , ... ,",." .... " 

MAXIMUM CIRCUIT VALUES 
Grld-No.1-Clrcuit Resistance: 

For fixed-bias operation .......... , ............ ,.,', .. , .. , .. 
For cathode-bias operation .. " .................. , .......... . 

•

GI K 
4 ~ 

NC 3 ::: 6 Gz 

Z 7 
H H 

I 8 
G3 P 
S 

BY 
6.3 

0,65 
±90max 

0.06 max 

13 

7.5 

300 
300 

o 
9 

1.5 

300 
to cathode 

150 
-3 

3 
30 

30.5 
7 
9 

0.13 
11000 
10000 

7 
3 

0.25 
1 

volts 
ampere 

volts 

pF 

pF 

pF 

volts 
volts 
volts 

watts 
watts 

volt. 
at socket 

volts 
volts 
VQlts 
rnA 
rnA 
rnA 
mA 

megohm 
/Lmhos 
ohm. 

per cent 
watts 

megohm 
megohm 

6AG7Y Refer to chart at end of section. 

6AG9 MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Duodecar type with frame grid pentode unit used in 
color and black-and-white television receiver applica
tions. The pentode unit is used as a video amplifier; the 
triode unit is used as an agc amplifier. Outlines section, 
8C; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.82; maximum heater-cathode 
volts, ±200 peak, 100 average. 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..............................•... 330 330 volts 

volts Grid-No.2 (Screen-Grid) Voltage ............... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

200 

value ....................................... . o 0 volts 
watts 
watta 

Plate Dissipation ............................. . 1.1 10 
Grid-No.2 Input .....................••.•....••• 

CHARACTERISTICS 
Plate Voltage ................................. . 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltage ............................. . 
Cathode-Bias Resistor ......................... . 
Amplification Factor ........................... . 
Plate Resistance (Approx.) .................... . 
rranscondl1ctance ..........................••.. 
Plate Current ................................. . 
Grid-No.2 Current ............................. . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ....................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p.A ...................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................... . 
For cathode-bias operation ................. . 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6AK5/EF95. 

4 ~ 

150 

360 
39 

8500 
4600 

6.2 

-7 

0.6 
1 

H3 6 Gz SHARP-CUTOFF PENTODE 

K --- . K 
G3 z· 7 G3 
IS IS 

1.6 

55 250 
125 150 

o 
66 

- 40000 

volts 
volta 
volta 
ohms 

ohm. 
- 30000 
56 28 
21 5.6 

Ilmhos 
mA 
mA 

-6.4 

volts 

volta 

0.1 
0.26 

megohm 
megohm 

6AGll 

6AH4GT 

6AH6 

6AH9 

6AJ8/ECH81 
6AK5 

6AKSI 
EF9S 

~
p 

I 
GI 

7BD 

Miniature types used as rf or if amplifiers especially 
in high-frequency wide-band applications at frequen
cies up to 400 MHz_ Outlines section, 5B; require min-
iature 7-contact socket. 

Heater Voltage (ac/dc) ..................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances (Approx.):" 

Grid No.1 to Plate .......................................••• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................••. 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .....................................••••. 
• With external shield connected to pin 2 or 7. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .........................................•...••.. 
Grid-No.2 (Screen-Grid) Voltage ..............................•• 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Voltage, Positive-bias value .......................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts .....................•. 
For grid-No.2 voltages between 90 and 180 volts ........... . 

Cathode Current ............................................... . 

6.3 volta 
0.175 ampere 
±90max volta 

0.02 max pF 

4 pF 

2.8 pF 

180 volta 
See curve page 300 
180 volta 

o yolta 
1.7 watts 

0.6 watt 
See curve page 300 

18 mA 
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CHARACTERISTICS 
Plate Supply Voltage ..............•..•......•••• 
Grid-No.2 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................ . 
Plate Resistance \Approx.) ...................... . 
rransconductance .............................•.•. 
Plate Current ......................•....•..•...•• 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate current of 10 p.A .•.••• 

120 
120 
180 
O.S 

5000 
7.5 
2.5 

-8.5 

6AK6 POWER AMPLIFIER PENTODE 
INDUSTRIAL 

TYPE 

Miniature type fo.r use as a Po.wer o.utput pento.de in 
co.mpact equipment. Outlines section, 5C; requires minia
ture 7-co.ntact so.cket. 

Heater Voltage (ac/dc) ...................................•....•• 
Heater Current ............................................... . 
Heater-Cathode Voltage ........................................ . 
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate ............................................... . 
Input ...................................................... . 
Output ..................................................... . 

A-F Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................••• 
Screen Voltage (Grid No.2) ..................................... . 
Plate Dissipation .............................................. . 
Screen Dissipation ............................................. . 

CHARACTERISTICS AND TYPICAL OPERATION 

180 
120 
180 
0.5 

5100 
7.7 
2.4 

-8.5 

volta 
volta 
ohms 

megohm 
p.mhoe 

mA 
mA 

volta 

*4 sP 

II 3 ___ 6 Gz 

---
G3 Z 7 K 

I 
GI 

7BK 
6.3 

0.15 
100 max 

0.12 
3.6 
4.2 

300 
250 

2.75 
0.75 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 
volts 

watts 
watt 

Plate V"ltage .................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 volts 
Suppressor (Grid No: 3) .................................. Connected to cathode at socket 
Screen Voltage .................................•..............• 180 volts 
Grid Voltage (Grid No.1) ...................................... -9 volts 
Peak A-F Grid Voltage ......................................... 9 volts 
Zero-Signal Plate Current ...................................... 15 mA 
Zero-Signal Screen Current ...................................... 2.5 mA 
Plate Resistance .............................................. . . 0.2 megohm 
Transconductance .. .. . .. .. .. .. .. . .. . .. .. .. .. . .. .. .. .. . .. .. .. .. .. 2300 pmhos 
Load Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10000 ohms 
Total Harmonic Distortion ...................................... 10 % 
Max.-Sig. Power Output ........................................ 1.1 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

0.1 
0.5 

6AK8/EABC80 

6AK10 

6Al3 

Refer to. chart at end o.f section. 

Refer to. chart at end o.f sectio.n. 

Refer to. chart at end o.f sectio.n. 

6AL3/EY88 HALf"-WAVE 
VACUUM RECTIFIER 

Miniature type used as damper tube in horizo.ntal-de
flectio.n circuits o.f black-and-white television receivers. 
Outlines section, 7D; requires miniature 9-co.ntact 
so.cket. So.cket terminals 1, 2, 3, 6, 7, and 8 sho.uld no.t 
be used as tie Po.ints. It is especially impo.rtant that 
this tube, like o.ther Po.wer-handling tubes, be ade
quately ventilated. Heater: Vo.lts (ac/dc), 6.3; amperes, 
1.55. 9ca 

megohm 
megohm 
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Damper Service 
For operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design·Center Values) 
Peak Inverse Plate VoltageR (Absolute maximum) ............. . 
Peak Plate Current ............................................ . 
Average Plate Current ........................................ . 
Plate Dissipation .............................................. . 
Peak Heater-Cathode Voltage ................................. . 
• Under no circumstances should this absolute value he exceeded. 

7500· 
550 
220 

5 
6600 

163 

volta 
rnA 
mA 

watta 
volta 

If Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6ALS 

~
H4 !)KD2 

'H 36'S 

2 7 
1'02 PD, 

I 

tI, 

68T 

TWIN DIODE 3AU, 12AU 

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

MHz. Outlines section, 5B; requires miniature 7-contact socket. Types 3AL5 
and 12AL5 are identical with type 6AL5 except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 

3AL5 
3.15 
0.6 

GAL5 
6.3 
0.3 

12AL5 
12.6 
0.15 

Peak Heater-Cathode Voltage ............... . 
11 

±330 max ±330 max ±330 max 

volts 
ampere 
second. 

volts 
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 to Plate No.2 .................................. .. 

Half-Wave Rectifier 
MAXIMUM RATINGS (Oesign·Center Values) 
Peak Inverse Plate Voltage ...................................• 
Peak Plate Current (Per Plate) ............................... . 
Average Output Curr .. nt (Per Plate) ........................... . 

TYPICAL OPERATION 
AC Plate Voltage per Plate (rms) ............................. . 
Min. Total Effective Plate-Supply Impedance per Plate ......... . 
Average Output Current per Plate ............................ . 

Pp 

Refer to chart at end of section. 

BEAM POWER TU BE
SHAR~CUTOFF PENTODE 

2.5 
2.5 
3.4 
3.4 

0.068 max 

330 
54 
9 

117 
300 

9 

6AL7GT 

6ALll 

pF 
pF 
pF 
pF 
pF 

volta 
rnA 
rnA 

volta 
ohms 

rnA 

lOALU, lULU 
'0 G2B Duodecar type used as FM detector and audio-fre

quency output amplifier in television receivers. Outlines 
section, Be; requires duodecar 12-contact socket. Types 

,'. lOALll and 12ALll.are identical with type 6ALll ex
,cept for heate~ ratings. 12BU 

Heater Voltage (ac/dc) ..................... . 
Heater Current .. . ........................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

Peak value ......... : .................. .. 
Average value ......................... . 

6ALll 
6.3 
0.9 

lOALU 
9.8 
0.6 
U 

12ALll 
12.6 
0.45 

11 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

volts 
ampere 
seconds 

volta 
volta 
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Direct Interelectrode Capacitance: 
Beam Power Unit: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .................................•.•.. 
Plate to Cathode, Heater, Grid No.2, Grid No.8, 

and Internal Shield ...............................•.••••. 
Pentode Unit: 

Grid No.1 to Plate .....................................••• 
Grid No.3 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................................•. 
Grid No.8 to Cathode, Heater, Grid No.1, Grid No.2, 

Plate, and Internal Shield ............................... . 
Grid No.1 to Grid No.3 ................................... . 

Pentode Plate to Beam Power Plate ......................... . 

Beam Power Unit as Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ..............................•• 
Plate Dissipation .............................................•• 
Grid-No.2 Input ............................................... . 

TYPICAL OPERATION 
Plate Voltage ..............••.................•.....••.••... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage .............................. . 
Peak AF Grid-No.1 Voltage ...................................• 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ........................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ...............................• 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

For 1b:ed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Pentode Unit as Class A1 Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ........................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........ ; .............. . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) ................................... . 

. Transconductance, Grid No.1 to Plate .......................... . 
Transconductance. Grid No.3 to Plate .......................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 30 JlA ....... . 
Grid-No.3 Voltage (Approx.) for plate current of 50 JlA ....... . 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 Voltage .............................................. . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ......... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....................... . 
For grid-No.2 voltages between 165 and 330 volts ............ . 

0.26 

11 

12 

0.034 
3.2 

6.5 

7.5 
0.24 
0.12 

275 
275 
10 
2 

250 
250 
-8 

8 
35 
39 

2.5 
7 

0.1 
6500 
5000 

10 
4.2 

0.25 
0.5 

150 
o 

100 
560 

0.15 
1000 

400 
1.3 
2.1 

-4.5 
-4.5 

pF 

pF 

pF 

pF 
pF 

pF 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

megobm 
Jlmhos 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 
volts 
ohms 

megohm 
Jlmhos 
Jlmhos 

mA 
rnA 

volts 
volts 

330 volts 
28 volts 

330 volts 
See curve page 300 

o volt. 
1.7 watts 

1.1 watts 
See curve page 300 

6AM4 Refer to chart at end of section. 

6AM6/EF91 Refer to chart at end of section_ 
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Refer to chart at end of section. 

OIOOE
SHARP-CUTOFF PENTOOE 

165 

6AM8 

6AM8A 
5AM8 

9CY 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am
plifier, or agc amplifier. The high-perveance diode is 
used as an audio detector, video detector, or dc re
storer. Outlines section, 6B; requires miniature 9-con
tact socket. Type 5AM8 is identical with type 6AM8A 
except for heater ratings. 

5AMS 
Heater Voltage (ac/dc) .......................... . 4.7 
Heater Current .................................. . 0.6 
Heater Warm-up Time (Average) ................. . 100 max 
Heater-Cathode Voltage: 

Peak value ................................... . ±200max 
Average value ............................... . 100 max 

Direct Interelectrode Capacitances: 
Diode Unit: 

Plate to Cathode and Heater ......................... .. 
Cathode to Plate and Heater ............................. . 

Pentode Unit: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................ . 
Pentode Grid No.1 to Diode Plate ............................. . 
Pentode Plate to Diode Cathode ............................... . 
Pentode Plate to Diode Piate ............................ , .... . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Glid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ......... . 

CHARACTERISTICS 
Plate Supply Voltage. . ........................................ . 
Grid No.3 ............................................. Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................ .. 
Grid-No.2 Current ............................................. . 
Glid-No.1 Voltage (Approx.) for plate current of 20 p.A ....... . 
Grid-No.1 Voltage (Approx.) for plate current of 2 mA ......... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ............................. .. ... . 
For cathode-bias operation ................................. . 

Diode Unit 
MAXIMUM RATING (Design-Maximum Value) 
Average Plate Current ...................................... . 

6AMSA 
6.3 volts 

0.45 ampere 
100 max volts 

±200max volts 
100 max volts 

1.8 pF 
3 pF 

0.015 pF 

6.5 pF 

2.6 pF 
0.006 pF 

0.15 pF 
0.1 pF 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
3.2 watts 

0.55 watt 
See curve page 300 

125 
to cathode 

125 
56 

0.3 
7800 
12.5 
3.2 
-6 
-3 

0.25 
1 

volts 
at socket 

volts 
ohms 

megohm 
umbos 

rnA 
mA 

volts 
volt. 

megohm 
megohm 

mA 
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TYPE 6AM8A PENTODE UNIT 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID-No.2 VOLTS'150 

N .J. f i 20 - 'Io/'",*'"'i:::Ec::':I':;;O:"-I--+--t---I 

Ii:l 15 \ / "1-
83 'V J 
~i 10\1t-GRlD- NCl.I VOLTS ECI'-2--

J( ..... ~2 ECI"O 1 
5" _ -3 

. 0 50 100 150 200 250 300 
PLATE VOLTS 92CS-8505T2 

6AN4 

6ANS 

6ANB 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6AN8A 
SANS 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color television receiver ap
plications. The pentode unit is used as an intermediate. 
frequency amplifier, a video amplifier, an agc amplifier, 
or a reactance tube. The triode unit is used in low
frequency oscillator, sync-separator, sync-clipper, and 
phase-splitter circuits. OutJines section, 6B; requires 
miniature 9-contact socket. Type 5AN8 is identical 
with 6AN8A except for heater ratings. 

Heater Voltage (ac/de) .......................... . 
Heater Current .................................. . 
Heatel' Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Intereleetrode Capaeitancea: 
Triode Unit: 

5ANS 
4.7 
0.6 
11 

±200max 
100 max 

Grid to Plate ............................................ . 
Grid to Cathode and Heatel' ........................ . 
Plate to Cathode and Heater ............................... . 

Pentode Unit: 
Grid No.1 to Plate ....................................... . 
Gdd No.1 to Cathode. Heater, Gl'id No.2, Grid No.3, and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ... . .................................... . 
Triode Gl'id to Pentode Plate ................................. . 
Pentode Grid No.1 to Triode Plate ............................. . 
Pentode Plate to Triode Plate ................................ .. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ...................................• 
Grid-No.2 Supply Voltage ....................... . 

Triode Unit 
330 

9DA 

6ANSA 
6.3 

0.45 
11 

±200 max 
100 max 

1.5 
2 

0.26 

0.04 max 

7 

2.4 
0.02 
0.02 
0.15 

Pentode Unit 
330 
330 

voltd 
ampere 
seconds 

volts 
volts 

pI<' 
pF 
pF 

pIi' 

pF 

pF 
pF 
pF 
pF 

volts 
volts 

Grid-No.2 (Sereen-Grid) Voltage ..... ; ........... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 

- See o 
curve page 300 

o volts 
watts Plate Dissipation ................................. . 2.8 2.3 
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Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts ....... . 0.55 watt 
For grid-No.2 voltages between 165 and 330 volts - See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.2 Supply Voltage ....................... . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Gdd-No.1 Voltage (Approx.) for plate current of 

20 JlA ....................................... . 
Grid-No.1 Voltage (Approx.) for· plate current of 

1.6 mA ..................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:. 

For fixed-bias operation ..................... . 
For cathode-bias operation ................... . 

150 

-3 

21 
4700 
4500 

15 

-17 

0.5 
1 

125 
125 

56 

170000 
7800 

12 
3.8 

-6 

-3 

0.25 
1 

volts 
volts 
volts 
ohms 

ohms 
Jlmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 

til If either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for 
both units should not exceed the stated values. 

30 
til 
ILl 

:525 
IL 
:2 
c20 
:3 
-2 15 
ILl 

!;( 10 
~ 

5 

o 

TYPE 6AN8A PENTODE UNIT TYPE SANaA 
TRIODE UNIT GRID-No.2 VOLTS-150 

~1r--r~-.~--4--4--~~--+-~ 

.,. 

ECtO 
-0.5 

_11.0 
~ 251--t--! 
ILl 
IL 

GRIJ-NO I VOL TS E~I =-1.5 

:i 20 

3 :e 15 
-2.0 

2.5 ~ 10 !---I-f-ll--A----,R-.;-+-/-Cf,o£ 
-31 

I!I. --
100 200 300 400 

PLATE VOLTS 92CS-B206T 

..J 
IL 

Refer to chart at end of section. 

BEAM POWER TU BE 

PLATE VOLTS 92CS-B209T 

6AQ5 

6AQSA 
5AQ5,12AQ5 

Miniature type used as output amplifier primarily in 
automobile receivers and in ac-operated receivers and, 
triode-connected, as a vertical-deflection amplifier in 
television receivers. Outlines section, 5D; requires 

7BZ miniature 7-contact socket. Within its maximum rat-
ings, the performance of this type is equivalent to that of larger types 6V6 
and 6V6GTA. Types 5AQ5 ~Jnd 12AQ5 are identical with type 6AQ5A 
except for heater ratings. 

Heater Voltage (ac/dc) .................... . 
Heater Current ............................ . 
Heater Wa"m-up Time (Average) ......... . 
Heater-Cathode Voltage: 

5AQ5 
4.7 
0.6 
11 

6AQ5A 
6.3 

0.45 
11 

Peak value ............................. :!:200 max :!:200 max 
Average value ......................... 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ...................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Gl"id No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

12AQ5 
12.6 volts 

0.225 ampere 
seconds 

:!:200 max volts 
100 max volts 

0.4 pF 
8 pF 

8.5 pF 
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Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No_2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ....................... _ ...................... . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

CHARACTERISTICS (Triode Connection) 
Plate Voltage .............. c .................................. . 
Grid-No.1 Voltage ............................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............. , ............................... . 
Plate Current .................................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 0.5 mA ........ . 

TYPICAL OPERATION 

275 
275 

12 
2 

250 

250 
-12.5 

9.5 
1970 
4800 
49.5 
~37 

Same as for type 6V6GTA within the limitations of the maximum ratings. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

0.1 
0.5 

Vertical Deflection Amplifier (Triode Connection)· 
For operation in a 526-line. 30-frame system 

MAXIMUM RAnNGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Gr!d-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ......................................... . 
Average Cathode. Current ..................................... . 
Plate Dissipation .............................................. . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

275 
1100 

275 
115 

40 
10 

250 

volts 
volts 

watts 
watts 

·C 

volts 
volts 

ohms 
/Lmhos 

mA 
volts 

megohm 
megohm 

volts 
volts 
volts 
mA 
mA 

watts 
·C 

Grid-No.1-Circuit Resistance. for cathode-bias operation ........ 2.2 megohms 
• Grid No.2 connected to plate. 
"Pulse duration must not exceed 16% of a vertical scanning cycle (2.5 miIIiseconds). 

N TYPE 6A05A 
o PENTODE CONNECTION 1----+--1 13 
;; GRID-No.2 VOLTS a 250 ~ 

0(1)250 :i 
'r~ 15 30~ 
~ l:! 200 1.1~=:l=:=:fl~O~i--t-t---1 '" 
" :IE 20-:. 
~ 3 150 10~ 
7.~ 100 0 i,' 
~ 

i 51L~ SO~~~~~~~~~~~~~ ~ 0 -30 
o 100 200 300 400 500 

PLATE VOLTS 
IlCS-4107T2 

150,r--rr---,r---'--:T=y:p=E-:;e'"'A""O""S""A---' 
TRIODE CONNECTION 
GRID No.2 CONNECT 

TO PLATE 

ftCS-• .,ITI 

6AQ6 

6AQ7GT 

6AQ8 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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HIGH·MU TWIN TRIODE 

169 

6AQal 
ECCa5 

9AJ 

Miniature types used as rf amplifier and self-oscillat
ing mixer in FM/ AM radio receivers. Outlines section, 
6Bj requires miniature 9-contact socket. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage .................................. . 

Direct Interelectrode Capacitances: Unit No.1 
Grid to Plate ................................ 1.5 
Cathode to Plate ...........................• 0.18 
Grid to Cathode, Heater, and Internal Shield .. 3 
Plate to Cathode, Heater, and Internal Shield .. 1.2 
Plate to Grid of Other Unit .................. 0.008 max 
Plate to Cathode of Other Unit ............... 0.008 max 
Grid to Cathode of Other Unit ................ 0.003 max 
Plate of Unit No.1 to Plate of Unit No.2 ................. . 
Grid of Unit No.1 to Grid of Unit No.2 ................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Supply Voltage ......................................... . 
Plate Voltage ................................................. . 
Grid Voltage, Negative-bias value .............................. . 
Cathode Current .............................................. . 
Plate Dissipation: 

For either plate ........................................... . 
For both plates with both units operating ................... . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage, Negative-bias value ............................. . 
Plate Current ................................................. . 
Transconductance .............................................. . 
Amplification Factor ........................................... . 

TYPICAL OPERATION (Each Unit) 
Plate Supply Voltage ............................ . 
Plate Voltage .................................... . 
Plate Resistor ................................... . 
Grid Resistor .................................... . 
Grid Volta~e ..................................... . 
RMS Oscillator Voltage .......................... . 
CathodE-Bias Resistor ............................ . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Conversion Transconductance ..................... . 
Input Resistance at frequency of 100 MHz ....... . 
Plate Current .................................... . 
Equivalent Noise Resistance ..................... . 

MAXIMUM CIRCUIT VALUES (Each Unit) 

RF 
Amplifier 

250 
230 

1800 

:'-2 

200 
9700 
6000 

6000 
10 

500 

Grid-Circuit Resistance ........................................ . 
Resistance between Cathode and Heater ......................... . 

Refer to chart at end of section. 

Refer to chart at end of section. 

6.3 
0.435 
±90max 

Unit No.2 
1.5 

0.18 
3 

1.2 
0.008 max 
0.008 max 
0.003 max 

0.04 max 
0.003 max 

550 
300 
100 

15 

2.5 
4.5 

250 
2.3 
10 

5900 
57 

Converter 
250 

1200t) 
1 

3 

22000 

2300 
15000 

5.2 

1 
20000 

6AR5 

6AR8 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

mA 

watts 
watts 

volta 
volts 
mA 

/Lmhos 

volts 
volta 
ohms 

megohm 
volts 
volts 
ohms 
ohms 

/Lmh08 
/Lmhos 

ohms 
mA 

ohms 

megohm 
ohms 
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6ARll SEM I REM OTE-CUTOFF 
TWIN PENTODE 

8ARtl, tlARtl 

Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8A; requires duodecar 12-
contact-socket. Types 8ARll and llARll are identical 
with type 6ARll except for heater ratings. 

Heater Voltage (ae/de) ................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

GARll 
6.3 
0.8 

8ARll 
8.4 
0.6 
11 

120M 

llARll 
11.2 
0.45 

11 

volt. 
ampere 
seconds 

Peak value ............................ . ±200 max ±200 max ±200 max volts 
volts Average value ......................... . 100 max 100 max 100 max 

Direet Interelectrode Capacitances: Unit No.1 Unit No.2 
Grid No.1 to Plate ........................... . 0.026 0.026 pF 

pF 

pF 
pF 
pF 

Grid No.1 to Cathode, Heater, Grid No.2, Grid 
No.3, and Internal Shield ................. . 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield ....................... . 

Grid No.1 to Plate of Other Unit ............. . 
Plate of Unit No.1 to Plate of Unit No.2 ..... . 

10 

2.8 
0.002 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value .... . ..... . 
Plate ~issipation .............. , ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... ' 
For grid-No.2 voltages between 165 and 330 volts ........... . 

CHARACTERISTICS (Each Unit) 
Plate Supply Voltage ......................................... . 
Grid No.3 ........... ............. . ......... ,. . .. ". Connected 
Grid-No.2 Supply Voltage .................................... . 
Cathode-Bias Resistor .. " ...................................... . 
Plate Resistance (Approx.) ............................. " .. " ... . 
Transconductance .......................................... . 
Plate Current ....................................... " ......... . 
Grid-No.2 Current ....... . .............. " .. "."" .... ' .......... . 
Grid-No.1 Voltage (Approx.) for transconductance of 50 /Lmhos .. 

6ASS BEAM POWER TU BE 
Miniature type used as output amplifier primarily in 
automobile and in ac-operated receivers. Outlines sec
tion, 5D; requires miniature 7-contact socket. For 
curves of average plate characteristics, refer to type 
35C5. 

Heater Voltage (ac/dc) .. " .. " . " .................. " .... ;' ... " ... . 
Heater Current "."" ...................................... " ..... . 
Peak Heater-Cathode Voltage ...... '" '" '" '" '" '" " . '" . '" ... ' ...... . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ............... "." ................. " .... . 
Grid No.1 to Cathode, Heatel', Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ."" ...... . 

10 

3 
0.002 

0.02 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
3.1 watt. 

0.65 watt 
See curve page 300 

125 
to cathode 

125 
56 

0.2 
10500 

11 
3.5 

-15 

6.3 

7CV 

0.8 
±100 max 

0.6 
12 
9 

volts 
at socket 

volts 
ohms 

megohm 
/Lmhos 

mA 
mA 

volts 

volts 
ampere 

volts 
""",-io.{ 

pF 
pF 
pF 



TECHNICAL DATA 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................. . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current (Approx.) ..................... . 
Maximum-Signal Grid-No.2 Current (Approx.) ................. . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output .......................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Refer to chart at end of section. 

LOW-MU TWIN POWER TRIODE 

150 
117 
5.5 
1.0 
250 

150 
110 

-8.5 
8.5 
35 
36 

2 
6.5 

5600 
4500 

10 
2.2 

0.1 
0.5 

6AS6 

171 

volts 
volts 

watts 
watt 

·C 

volt. 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

ttmhos 
ohms 

per cent 
watts 

megohm 
megohm 

6AS7G 
INDUSTRIAL 

TYPE 

BBD 

Glass octal type used as a regulator tube in de power 
supply units and in projection television booster scan
ning applications. Outlines section, 27B; requires octal 
socket. Refer to type 6080 for average plate character
istics curves. 

Heater Voltage (ae/de) .......................................... 6.3 
Heater Current ................................................. 2.5 
Heater-Cathode Voltage: 

Peak values ................................................ ±300 max. 
Direct Intereleetrode Capacitances (Approx.) each unit: 

Grid to plate ............................................... 10.5 
Grid to heater and cathode .................................. 6.8 
Plate to heater and cathode ................................ 2.3 
Heater to cathode ........................................... 11.0 
Grid of unit No.1 to grid of unit No.2. . . . . . . . . . . . . . . . . . . . . . 0.70 
Plate of unit No. 1 to plate of unit No.2. . . . . . . . . . . . . . . . . . . . 1.65 

Class Al Amplifier (Each Unit) 
CHARACTERISTICS 
Plate-Supply Voltage ........................................... . 
Cathode-Bias P~sistor. . ........................................ . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 

DC Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................................. . 
Plate Current ................................................. . 
Plate Dissipation ............................................... . 
• Operation with fixed bias is not recommended. 

Booster Scanning Service (Each Unit) 
For operation In a 525-line. 30-frame "78temD 

MAXIMUM RATINGS (Design-Center Values) 
Peak Negative-Pulse Plate Voltagee ....................... , ... . 
DC PIate CUrl"ent ............................................. . 
Plate Dissipation ............................................... . 

135 
250 

2 
280 

7000 
125 

250 
125 

13 

1700 
125 

13 

volts 
amperes 

volts 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
ohms 

ohms 
Itmhos 

mA 

volts 
mA 

watts 

volts 
mA 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For cathode-bias operation . . . . . . . . . . . . . . . . . . . . . 1.0 megohm 
For fixed-bias operation .................................... Not recommended 

o As described in "Sandal'ds of Good Engineering Practice Concerning Television Broadcast 
Stations", Federal Communications Commission . 

• The dUl'ation of the voltage pulse must not exceed 15 per cent of one horizontal scanning 
cycle. In a 525-line, SO-frame system, 16 per cent of one horizontal scanning cycle is 10 
microseconds. 

6AS7GA Refer to chart at end of section. 

6AS8 OIOOE
SHARP-CUTOFF PENTOOE 

Miniature type used in television and radio receiver 
applications. The pentode unit is used as an if ampli
fier, video amplifier, or agc amplifier. The high-per
veance diode is used as an audio detector, video de
tector, or dc restorer. Outlines section, 6B; requires 
miniature 9-contact socket. For curve of average plate 
characteristics of pentode unit, see type 6AN8A. 

Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value ............................................. . 

Dh-ect Intet'elecb'ode Capacitances: 
Diode Unit: 

Plate to Cathoe, Heater, Pentode Grid No.S, and 
Internal Shield .......................................... . 

Pentode Unit: 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.S, and 

Intel'Dal Shield . . . . . . . . . . . . . . . . . . . .. . .................. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Pentode Gl'id No.1 to Diode Plate ........................... . 
Pentode Plate to Diode Cathode ............................. . 
Pentode Plate to Diode Plate ................................. . 

Pentode Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.S (Suppl'essol'-Grid) Voltage, Positive value ............ . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For gl·id-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 160 ""d 300 volts ............ . 

CHARACTERISTICS 

~~le Jo~Kpl~ .. ~~I~a~~ .. :::::::::::::::::::::::::::::::::. 'C~~'~';cted 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Appl'ox.) ..................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (ApPl'Ox.) for plate current of 10 p.A 

MAXIMUM CIRCUIT VALUES 
Gtid-No.1-Cireuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

90S 

6.S volts 
0.46 ampere 

seconds 

±200 max volts 
100 max volts 

3 pF 

0.03 pF 

7 pF 

2.4 pF 
0.006 max pF 

0.15 max pF 
0.10 max pF 

300 volts 
o volts 

300 volts 
See curve page 300 

o volts 
2.6 watts 

0.6 watt 
See curve page 300 

200 
to cathode 

160 
180 

300000 
6200 

9.6 
3 

-8 

0.25 
1 

volts 
at socket 

volts 
ohms 
ohms 

p.mhos 
mA 
mA 

volts 

megohm 
megohm 



TECHNICAL DATA 

Diode Unit 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ","""",',"',"',",,""",'" 
Peak Plate Current ,,"",',,',,""',',"',"""',',""",'" 
Average Plate Current ","""""',"""',',',""',"""" 

Refer to chart at end of section. 

TWIN DIODE
HIGH-MU TRIODE 

330 
50 

6 

6ASll 

6AT6 
12AT6 

173 

volts 
mA 
mA 

7BT 

Miniature type used as a combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re
ceivers. Outlines section, 5C; requires miniature 7-con
tact socket. For typical operation as resistance-coupled 
amplifier refer to Resistance-Coupled Amplifier sec
tion. Type 12AT6 is identical with type 6AT6 except 
for heater ratings. 

Heater Voltage (ac/dc) ,"""',""',""',.', .. . 
Heater Current ................................. . 
Peak Heater-Cathode Voltage "",',',""""',', 
Direct Intel'electrode Capacitances: 

6AT6 
6.3 
0.3 

±90 max 

Triode Grid to Triode Plate ""',""""",,"""""', .. 
Triode Grid to Cathode and Heater """""""",',','," 
Triode Plate to Cathode and Heater """"",',"",',',., 
Plate of Diode Unit No.2 to Triode Grid """""""",., 

Triode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ""","""""',""""""""""",""',' 
Plate Dissipation ,,"""',",',,"",""""""""", .. ' , , .. 
Grid Voltage, Positive-bias value ........................... . 

CHARACTERISTICS 
Plate Voltage ,""',.,', ... , , . , , , , . , . , , . , , , , , , ... 
Grid Voltage ,,"""""',',"""""""",', .. 
Amplification Factor ,',",,"","""""',"', .. 
Plate Resistance ",',""',""""',.""""', .. 
rransconductance ................................ . 
Plate Current """""",',"',',,',""""",. 

Diode Units 
MAXIMUM RATING (Design-Center Value) 

100 
-1 

70 
54000 

1300 
0.8 

12AT6 
12.6 volts 
0,15 ampere 
±90 max volts 

2 pF 
2.2 pF 
0.8 pF 

0.04 max pF 

300 volt~ 
0.5 watts 

0 volts 

250 volts 
-3 volts 

70 
58000 ohms 

1200 /l.mhos 
1 rnA 

Plate Current (Each Unit) """"","',,""',",","""" rnA 
The two diode plates are placed around a cathode whose sleeve is common to the triode unit. 
Each diode plate has its own base pin. For diode operation curves, I'efer to type 6A V6. 

H 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHAR~CUTOFF PENTODE 

6AT8 

6AT8A 
5AT8 

Miniature types used as combined oscillator and mixer 
tubes in television receivers utilizing an intermediate 
frequency in the order of 40 MHz. Outlines section, 
6B; requires miniature 9-contact socket. Except for 
interlectrode capacitances and basing arrangement, this 

9DW type is identical with miniature type 6X8. The basing 
arrangement is particularly suitable for connection to the coils of certain 
designs of turret tuners. Type 5AT8 is identical with type 6AT8A except 
for heater ratings. 
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5ATS 
Heater Voltage (ac/dc) ......................... . 
Heater Current ............ ' ..................... . 

4.7 
0.6 

Heater Warm-up Time (Average) ................. . 
Direct Interelectrode Capacitances: 

11 

Triode Unit: Unshielded 
Grid to Plate ............................... . 1.5 
Grid to Cathode and Heater ................. . 2 
Plate to Cathode and Heater ................. . 0.5 

Pentode Unit: 
Grid No.1 to Plate ........................... . 0.06 max 
Grid No.1 to Cathode, Heater, Grid No.2 and 

Grid No.8 ................................. . 4.6 
Plate to Cathode, Heater, G"id No.2, and 

Grid No.8 ................................. . 0.9 
Pentode Grid No.1 to Triode Plate ............... . 0.05 max 
Pentode Plate to Triode Plate ................... .. 0.05 max 
Heater to Cathode ............................... . 6 
• With external shield connected to cathode except as noted. 
t With external shield connected to plate. 

6AT8A 
6.3 

0.45 
11 

Shielded· 
1.5 
2.4 
1 

0.08 max 

4.S 

1.6 
0.04 max 

O.OOSmax 
6t 

volts 
ampere 
seconds 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

6AU4GT Refer to chart at end of section. 

6AU4GTA HALF-WAVE 
VACUUM RECTIFIER 

Glass octal type used as damper tube in horizontal
deflection circuits of color and wide-angle picture-tube 
television receivers. Outlines section, 13G; requires 
octal socket. Type may be supplied with pin No. 1 
omitted. Socket terminals 1, 2, 4, and 6 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ............................................... .. 
Direct Interelectrode Capacitances (Approx.): ,. _. . 

Plate to Heater and Cathode ............................... . 
Cathode to Heater and Plate ............................. . 
Heater to Cathode ........................................ .. 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) , 

~
p 

K3 

2 7 
Ie H 

I 8 
I H 

4CG 

6.3 volts 
1.S amperes 

iI.6 pF 
11.5 pF 

4 pF 

Peak Inverse Plate Voltage# .................................. 4500 volts 
Peak Plate Current ............................................ 1800 mA 
Average Plate Current ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210 mA 
Plate Dissipation ............................................... 6.5 watts 
Heater-Cathode-Voltage: 

Peak value .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. . +300 -4500 volts 
Average value ................................ +100 -900 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6AUSGT BEAM POWER TUBE 
Glass octal type used as horizontal-deflection amllli
fier in low-cost, high-efficiency deflection circuits of 
television receivers. Outlines section, 13D; reauires 
octal socket. " 

G3~'" ,. 
K ::: 

H 2 7 

• a 
G. Ga 

6CK 



TECHNICAL DATA 

Heater Voltage (aelde) .....................................••• 
Heater Current ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Plate Resistance ................................. . 
Transconductance .. , ............................. . 
Plate Current ............ , ....................... . 
Grid No.2 Current ............................... . 
t Grid No.2 connected to plate. 

Pentode 
Connection 

115 
175 

-20 
6000 
5600 

60 
6.8 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ..... . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 (Screen-Grid) Voltageo •..•..•....•...••..••••••• 

Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ........................................ . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipationtt ............................................ . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

6.3 
1.25 

±200max 
100 max 

0.5 
11.3 

7 

Triodet 
Connection 

110 
100 

-4.5 

550 
5500· 
1250 

200 
300 
400 
110 
2.5 
10 

210 

175 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

pmhos 
rnA 
rnA 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts ·c 

Grid ... No.t .. Circuit Resistance .................................... 0.47 megohm 
"" Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• Under no circumstances should this absolute value be exceeded. 
o Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 
input to the rated maximum value. 
tt A bias resistor or other means is requit'ed to protect the tube in absence of excitation. 

Refer to chart at end of section. 6AU6 

$H4 : 

H Gz 
3 6 

Gl Z 7 K 

IS I 

GI 

SHARP-CUTOFF PENTODE 
6AU6A 

78K 

3AUIi, 4AU6, lZAUIi 
Miniature type used in compact radio equipment as rf 
amplifier especially in high-frequency, wide-band ap
plications; also used as limiter tube in FM equipment. 
Outlines section, 5C; requires miniature 7-contact 
socket. For a discussion of limiters, refer to Electron 
Tube Applications section. For typical operation as 

resistance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Types 3AU6, 4AU6, and 12AU6 are identical with type 6AU6A except for 
heater ratings. 

3AU6 4AU6 6AU6A 12AU6 
Heater Voltage (acldc) ....... :3.15 4.2 6.3 12.6 volt. 
Heater Current ................ 0.6 0.45 0.3 0.15 ampel'e 
Heater Warm-up Time (Aver-

age) ." .................... 11 11 11 seconds 
Heater-Cathiide Voltage: 

Peak value ................ ±200 max ±200max ±200 max ±200 max volts 
Average value ............ 100 max 100 max 100 max 100 max volts 
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Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.1 to Plate ......................................... 0.0035 max pF 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Intel'nal Shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 pF 
Plate to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 pF 
Triode Connection:t 

Grid No.1 to Plate. Grid No.2. Grid No.3. and Internal Shield 2.6 pF 
Grid No.1 to Cathode and Heater ............................ 3.2 pF 
Plate. Grid No.2. Grid No.3. and Internal Shield to Cathode 

and Heater ............................................... 1.2' pF 
t Grid No.2. grid No.3. and Internal shield connected to plate . 
• Value is 8.5 pF with external shield connected to cathode. 

Class Al Amplifier 

MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................... . 
Grid-No.3 (Suppressor-Grid) Voltage. Positive value 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ........ . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Triode'!' 

Connection 

Triode'l' 
Connection 

275 

Pentode 
Connection 

330 
o 

See curve page 300 

o 
3.6 

330 
o 

3.6 

0.76 
See curve page 300 

volts 
volts 

volts 
volts 

watts 

watt 

Plate Supply Voltage ............... . 250 
Grid No.3 .......................... . 

Pentode Connection 
100 250 150 
Connected to cathode 

volts 
at socket 

Grid-No.2 Supply Voltage .......•.. 100 125 150 
Cathode-Bias Resistor .............. . 330 

36 
160 100 68 

Amplification Fa.ctor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage for plate current 

4800 
12.2 

0.5 
3900 

6 
2.1 

1.5 
4500 

7.6 
3 

of 10 "A ...................... -4.2 -·5.5 
t Grid No.2. grid No.3. and internal shield connected to plate. 

TYPE 6AUSA .L 
:ATHO!I':ATS 

PENTODE CONNECTI?~. 
GRIDNo.3 CONNECTED 

t-GRID No.2 VOLTS'I~O 
~.O 

~ 2.5 
..J 
IL 

o 

f 15 
V 

GRID-No.1 VOLTS E~-I 

~2 -- -EC'··O -\.5 
~lb -

-2.5 . -3 

100 200 300 400 500 

DCKET 

PLATE VOLTS 92CS-66/1U 

1 
5200 
10.6 

4.3 

-6.5 

6AU7 Refer to chart at end of section. 

6AU8 Refer to chart at end of section. 

volts 
ohms 

megohms 
"mhos 

rnA 
rnA 

volts 
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MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

177 

6AU8A 

90X 

Miniature type used in television receiver applications. 
Pentode unit is used as video amplifier, if amplifier, 
and agc amplifier. Triode unit is used in sync-amplifier, 
sync-separator, sync-clipper, and phase-inverter cir
cuits. Outlines section, 6E; requires 9-contact socket. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 

6.3 volts 
0.6 ampere 

Heater Warm-up Time (Average) .............................. . 11 seconds 
Heater-Cathode Voltage: 

Peak value ................................................ . ±200 max voltli! 
Average value ............................................. . 100 max volts 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................. . 
Grid to Cathode and Heater .............................. . 

2.2 pF 
2.6 pF 

Plate to Cathode and Heater ............................... . 0.34 pF 
Pentode Unit: 

Grid No.1 to Plate ....................................... . 0.06 pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3. and 

Internal Shield .......................................... . 7.5 pF 
Plate to Cathode .. Heater, Grid No.2, Grid No.3. and 

Internal Shield .......................................... . 3.4 pF 
Triode Grid to Pentode Plate ................................. . 0.022 max pF 
Pentode Grid No.1 to Triode Plate ........................... . 0.006 max pF 
Pentade Plate to Triode Plate ............................... . 0.12 max pF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ................................... . 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 330 volt. 
Grid-No.2 Voltage ................................ . See curve page 300 
Grid·No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid·No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid.No.2 voltages between 165 and 330 volt. 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 /LA ...................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1·Circuit Resistance: 

Fot' fixed~bias opel'ation . 
For cathode-bias operation 

0 
2.8 

150 

150 
43 

8100 
5300 

9.5 

-6.5 

0.5 
1 

0 volts 
3.3 watt. 

1 watt 
See curve page 300 

200 volts 
125 volts 

82 ohms 

100000 ohms 
8000 /Lmhos 

17 mA 
3.4 mA 

-7.5 volts 

0.25 megohm 
1 megohm 

6AVSGA 
~3 3 __ _ * p 

BEAM POWER TUBE UAV5GA.25AV5GA 
:---

H 2 7 H 

I 8 
G1 G2 

6CK 

Glass octal type used as horizontal-deflection ampli
fier in television receivers. Outlines section, 19C; re
quires octal socket. Types 12A V5GA and 25A V5GA 
are identical with type 6AV5GA except for heater 
ratings. 

Heater Voltage (ac/dc) ................... . 
6AV5GA 

6.3 
1.2 

12AV5GA 
12.6 
0.6 

25AV5GA 
25 

0.3 
volts 

amperes 
seconds 

Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 11 
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Heater-Cathode Voltage: 
Peak value ............................. ±200 max ±200 max ±200 max volts 
Average value .......................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.) 
Grid No.1 to Plate . ...................................... 0.5 pF 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 14 pF 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 7 pF 

Class Al Amplifier 
Pentode 

CHARACTERISTICS Connection 
Plate Voltage ............................... . 60 260 
Grid-No.2 (Scl'een-Grid) Voltage .............. . 
Grid-No.1 (Control-Gl"id) Voltage ............. . 

150 160 
0 -22.5 

Plate Resistance .............................. . 14500 
Transconductance ............................ . 5900 
Plate Current ................................ . 260 67 
Screen Current ............................... . 26 2.1 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA .................................... . -43 
Amplification Factor ........................ . 
• Grid No.2 connected to plate. 

Horizontal-Deflection AmpJifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (DeSign-Center Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ......... . 
Peak Negative-Pulse Plate Voltage .............................. . 
DC Grid-No.2 Voltage .......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage .......................... . 
Peak Catbode Current .......................................... . 
Average Cathode Current ....................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipationtt ............................................ . 
Bulb Temperature (At hottest . point) ..................... ', ..... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Clrcuit Resistance ................................... . 

Triode-
Connection 

160 
150 

-22.5 

4.3 

550 
6500· 
1250 

176 
300 
400 
llO 
2.6 
II 

210 

0.47 

volts 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 

volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohm 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• Under no circumstances should this absolute value be exceeded. 
tt A bias resistor or other means is required to protect the tube in absence of excitation. 

6AV5GT 

6AV6 
4AV6, lZAV6 

Refer to chart at end of section, 

TWIN DIODE
HIGH-MU TRIODE 

Miniature type used as combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re
ceivers. The 6A V6 may be substituted directly for the 
6AT6 in applications where the higher amplification 
of the 6AV6 is advantageous. Outlines section, 5C; re- 7BT 
quires miniature 7 -contact socket. Types 4A V6, and 12A V6 are identical 
with type 6A V6 except for heater ratings. 

Heater Voltage (ae/de) ............... . 
Heater Current ....................... . 
Heater Warm-up Time (Average) ..... . 
Heather-Cathode Voltage: 

4AVS 
4.2 

0.46 
II 

GAVG 
6.3 
0.3 

Peak value .......................... ±200 max ±200 max 
Average value ...................... 100 max 100 max 

Direct Intel'electl'ode Capacitances: 
Triode Grid to Triode Plate ............................... . 
Triode Grid to Cathode and Heater ......................... . 
Triode Plate to Cat!lOde and Heater ... .................. . 
Plate of Diode' Unit No.2 to Triode Grid ..................... . 

• This value is 1.2 pF with external shield connected. to cathode. 

12AV6 
12.6 volts 
0.16 ampere 

seconds 

±200 max volts 
100 max volts 

2 pF 
2.2 pF 
O.S" pF 

0.04 max pF 
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Triode Unit as Class A. Amplifier 
MAXIMUM RATING (Design-Maximum Value) 
Plate Voltage .................................................. . 
Grid Voltage. Positive-bias value ............................... . 
Plate Dissipation .............................................. . 

330 
o 

0.55 

179 

volts 
volts 
watt 

AVERAGE DIODE CHARACTERISTICS 
HAI..F''"''NAVE RECTIF'ICATION-SINGLE DIODE UNIT 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor ............................. . 
Plate Resistance ................................. . 
Transconductance ................................ . 
Plate Current ..... . ............................ . 

Diode Units 
MAXIMUM RATING (Design-Maximum Value) 

TYPE 6AV6. [.,.=6.3 VOLTS 
I 60 

1\ 
\ 0 

III 

0 

~ 
0 

l-I- r---;: 
on 

l-I- -~ 
11'."..,\ 

r-~,\ g % 

~ -i--'\; - -
oJ ~ - - :-~ 1"\ 

r- r- r~ 
f- I-~ r--. /0 

........ 

T r-~ 
/ 

!! '" 
!! 

\ 
\e 
\ 

11/ 

\ 

\ 

'\ 
I "-.j \ 

if '-,l~ 

I 40 

I 20 
on 
II! 
~ 

I 00:1 

~ 
0: 
u 

80i 
Q ... 
;;: 

60t= 
til 
0: 

40 

20 

- - -_40 30 20 10 0 
OC VOLTS DEVELOPED BY DIODE 

92CM-687~T 

100 
-1 
100 

80000 
1250 
0.50 

250 
-2 
100 

62500 
1600 

1.2 

volts 
volts 

ohms 
!,Lmhos 

mA 

Plate Current (Each Unit) ............................... . . . . . 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 
The triode unit of the 6A V6 is recommended for use only in resistance

coupled circuits. Refer to the Resistance-Coupled Amplifier section for 
typical operating conditions. Grid bias for the triode unit of the 6A V6 
may be obtained from a fixed source, such as a fixed-voltage tap on the dc 
power supply, or from a cathode-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. 

Refer to chart at end of section. 6AVll 

Refer to chart at end of section. 6AW8 
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6AW8A 
IAWIA 

HIGH-MU TRIODE
SHAR~CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am
plifier, agc amplifier, or reactance tube. The triode 
unit is used in low-frequency oscillator, sync-separa
tor, sync-clipper, and phase-splitter circuits. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
8A W8A is identical with type 6A W8A except for 
heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................. . 
:Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ......................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ................................. . 
Grid to Cathode, Pentode Cathode, Pentode 

,Grid No.3, Internal Shield. and Heater ..... . 
Plate to Cathode, Pentode Cathode, Pentode 

Grid No.3, Internal Shield, and Heater ..... . 
Pentode Unit: 

Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3. and Internal Shield ............. . 
Plate to Cathode, Heater, Griid No.2, Grid 

No.3, and Internal Shield .................. . 
Pentode Grid No.1 to Triode Plate ............. . 
Pentode Plate to Triode Plate ................... . 

• With external shield connected to pins 4 and 5. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage .................... , .... . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 

6AW8A 
6.3 
0.6 
11 

±200max 
100 max 

Unshielded 

2.2 

3.2 

1.8 

0.06 max 

10 

3.6 
0.008 max 

0.15 max 

Triode Unit 
330 

0 
1.1 

200 

-2 

70 

TYPE 6AW8A TYPE 6AW8A 
TRIODE UNIT PENTooE UNIT 

H 

9DX 

8AW8A 
8.4 volts 

0.45 ampere 
11 seconds 

±200 max volts 
100 max volts 

Shielded 

2.2 pF 

3.4 pF 

3 pF 

0.05 max pF 

10 pF 

4.5 pF 
0.005 max pF 
0.025 max pF 

Pentode Unit 
330 volts 
330 volts 
See curve page 300 

0 volts 
3.75 watts 

1.1 watts 
See curve page 300 

150 volts 
150 volts 

volts 
150 ohms 

1I 

~ 
::lIS GRID-No.2 VOLTS = 150 

I II: 
III 
Go 
':IE 
:510 
oJ 
oJ 

2 
III 

!.i S 
oJ 
Go 

o 

-

lI. 

I-~ 

~ / 
~ J I-.~ 

~ / I :0/ 

1// /~ ,f:> 

/ .,/ " ./ V v-: ~ 
100 200 300 400 

PLATE VOLTS 92CS-8644T 

:Ib $. 
",-- I 

/ -l-

-h GRID-No.1 VOLTS EcI"-2 

~. -3 

- ~I"O - 'F---- -- - -- - -3 -
100 200 300 400 

PLATE VDLt§ 92CS~9173T 
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Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A .......................................... . 

MAXIMUM CIRCUIT VALUES 
Gl"id-No.I-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode ... bias operation .. . 

4000 
4 

-5 

0.5 
1 

0.2 
9500 

15 
3.5 

-S 

0.25 
1 

181 

megohm 
p.mhos 

mA 
mA 

volts 

megohm 
megohm 

6AX3 

12BL 

HALF-WAVE 
VACUUM RECTIFIER lZAX3, 17AX3 

Duodecar type used as damper tube in horizontal-de
flection circuits of television receivers. Outlines section, 
8C; requires 12-contact socket. Socket terminals 5, 6, 
8, and 9 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 12AX3 and 17 AX3 are identical with 
type 6AX3 except for heater ratings. 

Heater Voltage (ac/dc) ....................... . 
Rea ter Current ............................... . 
Heater Warm-up Time (Average) ............. . 
Direct Interelectrode Capacitances: 

6AX3 
6.3 
1.2 

12AX3 
12.6 
0.6 
11 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode ......................................... . 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................. . 
Peak Plate Current ........................................... . 
Average Plate CUlTent ....................................... . 
Plate Dissipation ............ . ................................ . 
Heater-Cathode Voltage: 

Peak value ................................... +300 
Average value ................................ +100 

CHARACTERISTIC 

17AX3 
16.S 
0.45 

11 

5.5 
7.5 
2.S 

6000 
1000 

166 
5.3 

-5000 
-900 

volt. 
amperes 
seconds 

pF 
pF 
pF 

volts 
rnA 
mA 

watts 

volts 
volts 

Tube Voltage Drop for plate cunent of 250 mA .................. 32 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 6AX4GT K*/ VAC~~~F~~~~FIER 1~~~~~!!A 
Glass octal type used as damper tube in horizontal-

Ie 2 7 H deflection circuits of color and black-and-white tele-
I 8 vision receivers. Outlines section, 13D; requires octal 

I H socket. May be supplied with pin No. 1 omitted. Socket 
4CG terminals 1, 2, 4, and 6 should not be used as tie 

points. This tube, like other power-handling tubes, should be adequately 
ventilated. Types 12AX4GTB and 17 AX4GTA are identical with type 
6AX4GTB except for heater ratings. 

Heater Voltage (ac/dc) ....................... . 
Heater Current ............................... . 
Heater Warm-up Time (Average) ............. . 
Uil..,ct Intel'electrode Capacitances (Approx.): 

6AX4-
GTB 

6.3 
1.2 

12AX4-
GTB 
12.6 
0.6 
11 

Cathode to Plate and Heater ............................... . 
Plate to Cathode and Heater ..............................•. 
Heatel' to Cathode ........................................ . 

17AX4-
GTA 
16.8 
0.45 

11 

8.5 
5 
4 

volts 
amperes 
seconds 

pF 
pF 
p] 
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Damper Service 
For operation in a 52S.line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 5000 volts 
Peak Plate Current ........................................... . 1000 rnA 
Average Plate Curl'ent ...................................... . 165 rnA 
Plate Dissipation .............................................. . 5.3 watts 
Heater-Cathode Voltage: 

Peak value ................................. '. . . +300 
Average value ...................... ,......... +100 

-5000 volts 
-900 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 250 rnA ................ 32 volt.. 
# Pulse duration mllst not exceed 15% of a horizolltal scanning cycle (10 microseconds). 

6AXSGT FULL-WAVE 
VACUUM RECTIFIER 

Glass octal type used in power supplies of radio equip
ment having moderate dc requirements. Outlines sec
tion, 13D; requires octal socket. This type may be sup
plied with pin No. I omitted. This tube, like other 
power-handling tubes, should be adequately venti
lated. Heater: volts (ac), 6.3; amperes, 1.2. -

P023 ~
PDI 

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ................................... . 
Peak Plate Current (Per Plate) ............................... . 
Hot-Switching Transient Plate Current: 

For duration of 0.2 second maximum ....................... . 
AC Plate Supply Voltage (Per Plate, rms) ..................... . 
Average Output Current (Per Plate, rma) ..................... . 
Peak Heater-Cathode Voltage ................................. . 

TYPICAL OPERATION WITH CAPAcJTOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rma) ......... . 
Filter Input. Capacitor· ......................... . 
Effective Plate-Supply Impedance Per Plate ...... . 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of i 62.5 rnA ....... . 
40 rnA ....... . 

At full-load cunent of 125 rnA ....... . 
80 rnA ....... . 

Voltage Regulation (Approx.): 
Half-load to full-load current ............... . 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rma) ......... . 
Filter Input Choke ............................... . 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of t 6~.~ :~ 
At full-load current of { t:g :::t 

... .. 
c 

TYPE 6AX5GT 
Ef • 6.5 VO~ TS 

RATING CHART 

700 
10 
50 

395 

350 

45 

700 
10# 

270 

250 

;1. MAXIMIJM OPERATING VALIJES WlTHI 

~ 
.. 80 
II! 

~ 10 

• 40 

r CHOKE -INPUT FI~ TER 
CAPACITOR -INPUT FI~ TER 

F A 

7:~2 q::-~ ~' ~ 
1 I' 1 1 '0 

~ 
~ 20 

g 

I I 
I 1 

I I 

sa! I 
55 G 450 

o 100 ZOO 500 400 500 
AC P~ATE ~y ~TS (RMS) PER PUTE (WITHOUT ~D) 

'ICS-7IUTI 

2 7 
H H 

I a 
Ne K 

as 

1250 volts 
375 rnA 

2.6 amperes 
See Rating Chart 
See Rating Chart 

±450 volts 

900 volts 
10 p.F 

105 ohms 

volts 
540 volt. 

volts 
490 volts 

50 volts 

900 volts 
10## henries 

volts 
365 volts 

volts 
350 volts 
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Voltage Regulation (Approx.): 
Half-load to full-load current 20 15 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 tt"ansient plate current. 
# This value is adequate to maintain optimum regulation pl'ovided the load current is not 
less than 30 mAo For load currents less than 30 rnA, a larger value of inductance is l'equh'ed 
for optimum regulation. 
## This value is adequate to maintain optimum regulation provided the load current is not 
less than 35 rnA. For load currents less than 35 mA, a larger value of inductance is required 
for optimum regulation. 

Refer to chart at end of section. 
Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

6AX8 
6AY3 

6AY3B 
llAYJA.17AYJA 

N ovar type used as damper tube in horizontal-de
flection cir~uits of black-and-white television receivers. 

9HP Outlines section. 30B; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not be used as tie points. It is es
pecially important that these tubes, like other power-handling tubes. be 
adequately ventilated. Types 12A Y3A and 17 A Y3A are identical with type 
6A Y3B except for heater ratings. 

6AY3B 12AY3A 
Heater Voltage (ac/dc) ....................... . 6.3 12.6 
Heater Current .............................. . 1.2 0.6 
Heater Warm-up Time (Average) ............. . 
Direct Interelectrode Capacitances (Approx.): 

11 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................. . 
Heater to Cathode ...................................... . 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ........................................ . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

Peak value .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +300 
Average value ......... +100 

CHARACTERISTIC, Instantaneous Value 

17AY3A 
16.8 volts 
0.45 amperes 

11 seconds 

6.5 pF 
9 pF 

2.8 pF 

5000 volts 
1100 rnA 

175 rnA 
6.5 watts 

-5000 volts 
-900 volts 

Tube Voltage Drop for plate current of 350 rnA ..... 32 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

9ED 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6AYll 

6AZ8 
Miniature type used in color and black-and-white tele
vision receiver applications. The pentode unit is used 
as an if amplifier, video amplifier, agc amplifier, or 
reactance tube. The triode unit is used in low-frequency 
oscillator, sync-separator. sync-clipper, and phase
splitter circuits. Outlines section, 6B; requires minia
ture 9-contact socket. 

Heater Voltage (ac/de) ....................................... . 6.3 
0.45 

volts 
ampere Heater Current ................................................ . 

Heater-r:athode Voltage:. 
Peak value ................................................ . 
Average value ...•......................................... 

±200 max 
100 max 

volts 
voltA 
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Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................... 1.7 pF 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2 pF 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 1.7 pF 

Pentode Unit: 
Grid No.1 to Plate ........................................ 0.02 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 6.5 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 2.2 pF 
Triode Grid to Pentode Plate .................................. 0.027 max pF 
Pentode Grid No.1 to Triode Plate ............................ 0.020 max pF 
Pentode Plate to Triode Plate ................................ 0.045 max pF 

• The heater-cathode voltage of the pentode unit should not exceed the value of the operating 
cathode bias. Grid No.3 will be made negative with respect to cathode if this value is ex
ceeded, and thus possibly cause a change in tube characteristics. 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ......... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ..... ". . .......................... " .. 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.). for plate current of 

10 /LA ....................................... . 
Grid-No.1 Voltage (Approx.) for transconductance 

of 100 /Lmbos ............................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:. 

Triode Unit 
300 

o 
2.6 

Triode Unit 
200 

-6 

19 
5750 
3300 

13 

-19 

Pentode" Unit 
300 volts 
300 volts 
See curve page 300 

o volts 
2 watts 

0.5 watt 
See curve page 1100 

Pentode Unit 
200 
150 

180 

300000 
6000 

9.5 
3 

-12.5 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 
rnA 

volts 

volts 

For fixed-bias operation ............. : ........ . 0.5 0.25 megohm 
For cathode-bias operation ............. : ..... . 1 1 megohm 

• If either unit is operating at maximum rated conditions, 
both units should not exceed the stated values. 

grid-No.1-circuit resistance for 

684G 

685 

686G 

687 
6875 

688 
688G 

6810 
8810 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

TWIN DIODE
MEDIUM-MU TWIN TRIODE 

Duodecar type used in television receiver applications; 
diode units are used in horizontal-phase-detector cir
cuits, and triode units are used in horizontal-oscillator 
circuits. Outlines section, 8A; requires duodecar 12-
contact socket. Type 8BI0 is identical with type 6BI0 
except for heater ratings. 12BF 
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6BI0 
6.3 
0.6 
11 

Heater Voltage (ae/de) ......................... . 
Heater Current ..... ' ............................. . 
Heater Warm-up Time (Average) ................ . 

±200 max 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ......... . 100 max 

Class Al Amplifier (Each Triode Unit) 
MAXIMUM RATING (Design·Maximum Value) 
Plate Voltage ................................................. . 
Average Cathode Current ...................................... . 
Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage .................................................. . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid Voltage (Appl"Ox.) for plate current of 50 p.A ............. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Diode Units (Each Unit) 
MAXIMUM RATING (Design·Maximum Value) 
Plate Current ................................................. . 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 20 rnA ................. . 

Refer to chart at end of section. 

For replacement use type 6BA6/EF93. 

H Gz 
3 b 

REMOTE-CUTOFF PENTODE 

185 

8BI0 
8.5 volts 

0.45 ampere 
11 seconds 

±200 max volts 
100 max volts 

330 volts 
20 rnA 

3 watts 

250 volts 
-8 volts 

18 
7200 ohm. 
2500 p.mho. 

10 rnA 
-20 volts 

0.25 megohm 
1 megohm 

5 rnA 

5 volts 

6BA3 

6BA6 

*H4 : 

2 7 
G3 K 
IS 

I 6BA6/EF93 
GI 12BA6 

Miniature types used as rf amplifiers in standard broad
cast and FM receivers, as well as in wide-band, high

frequency applications. The low value of grid-N o.l-to-plate capacitance 
minimizes regenerative effects, while the high transconductance makes pos
sible high signal-to-noise ratio. Outlines section, 5C; require miniature 
7-contact socket. Type 12BA6 is identical with type 6BA6/EF93 except for 
heater ratings. 

7BK 

Heater Voltage (ac/de) ........................... . 
Heater Current ................................... . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Intereleetl'ode Capacitances: 

6BA6/EF93 
6.3 
0.3 

±200 max 
100 max 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield .......................................... . 
Plate to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield ........................ '.' ................ . 

• This value is 5.5 pF with external shield connected to cathode. 

12BA6 
12.6 volts 
0.15 ampere 

±200 max volts 
100 max volts 

0.0035 max pF 

5.5 pF 

5· pF 
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Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.3 (SuppressOl'-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.2 Supply Voltage ..................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

Grid-No.1 (Control-Grid) Voltage: 
Negative-bias value ........................................ . 
Positive-bias value ......................................... . 

CHARACTERISTICS 

330 volt. 
o volts 

See curve page 300 
330 volts 
3.4 watts 

0.7 watt 
See curve page 300 

55 
o 

volts 
volts 

Plate Supply Voltage ........................... . 
Grid No.3 and Internal Shield ................... . 

100 250 volt. 
Connected to cathode at socket 

Grid-No.2 Supply Voltage ........................ . 100 100 volts 
Cathode-Bias Resistor ........................... . 68 68 ohms 
Plate Resistance (Approx.) ...................... . 0.25 1 megohm 
Transconductance ....... , ........ . 4300 4400 JLmhos 
Plate Current ................................... . 10.8 11 rnA 
Grid-No.2 Current ............................... . 4.4 4.2 rnA 
Gdd-No.1 Voltage (Approx.) for transconductance 

of 40 JLmhos ............................. . -20 -20 volt. 

TYPE 6BA6 ? GRID-No.2 VOLTSalOO I--+-+--l 
!::! GRID-No.3 VOLTS-O 
N 1<0--1 I I 
~ ~I:i 7 IECIDi -.1.1--1--+--+--1 
9 ~ 12 f-= GRID-No.1 VOLTS ECI--Ir--+-; 

ffi ~ 17 ECI~O -20 

~ 3 9 R' IC2 - I / 1 -15 
~:i 6 I/'foo- __ - -1i_3 j:.\_!-1,1 

~ ~v~iiii~iliiiiilEcij=i-11i~~\~-~9\~ n. 3~{b 'oY 
o 100 200 300 400 

PLATE VOLTS 
92CS-6609T 

Installation and Application 
Control-grid bias variation is effective in changing the volume of the 

receiver. To obtain adequate volume control, an available grid-No.1-bias 
voltage of approximately 50 volts is required. The exact value depends 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-grid) voltage may be obtained from a poten
tiometer or bleeder circuit across the B-supply source, or through a drop
ping 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 practically 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-N 0.2-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 nor
mal 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-
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resistor method of obtaining grid-No.2 voltage from a higher voltage supply 
necessitates the use of the variable cathode-resistor method of controIling 
volume in order to prevent too high a voltage 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. However, it should be noted 
that the use of a resistor in the grid-No.2 circuit has an effect on the 
change in plate resistance with variation in grid-No.3 (suppressor-grid) 
voltage in case grid No.3 is utilized for control purposes. 

PENTAGRID CONVERTER 6BA7 

aCT 

Miniature type used as converter in AM and FM re
ceivers. Outlines section, 6E; requires miniature 9-
contact socket. 

Heater Voltage ................................................ . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes ......................... . 
Plate to All Other Electrodes ............................... . 
Grid No. 1 to All Other Electrodes .......................... . 
Grid No. 3 to Plate ......................................... . 
Grid No.3 to Grid No.1 .................................... . 
Grid No. 1 to Plate ......................................... . 
Grid No. 1 to All Other Electrodes. except Cathode ........... . 
Grid No. 1 to Cathode ....................................... . 
Cathode to All Other Electrodes except Grid No.1 ..........•. 

Converter Service 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................•.. 
Grid-No.5-and-Internal-Shield VoltageA .......................... . 
Grids-No.-2-and-No.4. (Screen-Grid) Voltage ...................... . 
Grids-No.2-and-No.4 Supply Voltage ..............................• 
Plate Dissipation ............................................... . 
Grids-No.2-and-No.4 Input ...................................... . 
Total Cathode Current· .......................................... . 
Grid-No.3 Voltage: 

Negative-bias value .......................•••••••••.•.•••••. 
Positive-bias value .... • ...•.••.....••.•...•.....•.••.•..••• 

CHARACTERISTICS (Separate Excitation)" 

6.3 
0.3 

±90 

9.5 
8.3 
6.7 
0.19 max 
0.1 max 
0.05 max 
3.4. 
3.3 

4 

300 
o 

100 
300 

2 
1.6 
22 

100 
o 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

watts 
watts 

mA 

volts 
volts 

Plate Voltage .................................... . 100 250 volts 
Grid No.5 and Internal ShieldA ................... . Connected directly to ground 
Grids-No.2-and-No.4. (Screen-Grid) Voltage ...... . 
Grid-No.3 (Control-Grid) Voltage .................. . 
Grid-No.1 (Oscillator-Grid) Resistor ............... . 
Plate Resistance (Approx.) ....................... . 
Conversion Transconductance ...................... . 
Conversion Transconductance (Approx.)" ......... . 
Plate Current ..................................... . 

100 100 volts 
-1 -1 volt 

20000 20000 ohms 
0.6 1 megohm 
900 960 /Lmhos 
3.5 3.5 /Lmhos 
3.6 3.8 mA 

Grids-No.2-and-No.4 Current ....................... . 10.2 10 mA 
Grid-No.1 Current ................................ . 0.36 0.36 mA 
Total Cathode Current ............................. . 14.2 14.2 rnA 

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 8000 /Lmhos 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 16.6. 

• The characteristics shown with separate excitation correspond very closely with thoRe ob
tained in a self-excited oscillator circuit operating with zero bias • 

•• With grid-No.3 bias of -20 volts • 

• Internal Shield (pins No.6 and No.8) connected directly to ground. 
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6BA8A 
IBAIA 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receivers. The pentode unit is used as a. video 
amplifier, an agc amplifier, or a reactance tube. The 
triode unit is used in low-frequency oscillator and 
phase-splitter circuits. Outlines section, 6E; requires 
miniature 9-contact socket. Type 8BA8A is identical 
with type 6BA8A except for the heater ratings. 

6BASA 
Heater Voltage (ae/de) .......................... .. 
Heater Current ................................... . 

6.3 
0.3 

Heater Warm-up Time (Average) ................. . 11 
Heater-Cathode Voltage: 

8BA8A 
S.4 volts 

0.46 ampere 
seconds 

Peak value ................................... . ±200 max ±200max volts 
Average value ................................ . 100 max 100 max volts 

Direct Intereleetrode Capacitances (Approx.): 
Triode Unit: 

Grid to Plate ................................•• 2.2 2.2 pF 
Grid to Cathode and Heater ................... . 2.5 2.7 pF 
Plate to Cathode and Heater ................... . 0.4 1.9 pF 

Pentode Unit: 
Grid No.1 to Plate ............................ . 0.06 0.06 pF 
Grid No.1 to Cathode. Heater. Grid No.2. Grid 

No.3. and Internal Shield ................... . 10 10 pF 
Plate to Cathode. Heater. Grid No.2. Grid No.3. 

and Internal Shield ........................ . 3.6 4.5 pF 
Triode Grid to Pentode Plate .................... . 0.016 0.006 pF 
Pentode Grid No.1 to Triode Plate ............... . 0.006 0.003 pF 
Pentode Plate to Triode Plate ................... . 0.15 0.023 pF 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ............ . 
Grid-No.2 Voltage . . .............................. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ........................... . 
Positive-bias value .......................... .. 

Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ......... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate-Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................. . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ........................................•.. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-hias operation .................... . 

6BAll 

300 

2 

200 

-8 

18 
6700 
2700 

8 

-16 

0.5 
1 

IBAll TRIODE-TWIN PENTODE 
Duodecar type used as vertical-deflection oscillator 
and for combined sync-age applications in color and 
black-~nd-white television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Type 8BAll is 
identical with type 6BAll except for heater ratings. 

300 volts 
300 volts 
See curve page 300 

-50 volts 
0 volts 

3.26 watts 

1 watt 
See curve page 300 

200 volts 
150 volts 

volts 
ISO ohms 

400000 ohms 
9000 p.mhos 

13 rnA 
3.6 rnA 

-10 volts 

0.26 megohm 
1 megohm 

G3PI 

12ER 
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Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time ............................ . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ................................ . 

Direct Interelectrode Capacitances: 
Triode Unit: 

6BAll 
6.3 
0.6 
11 

±200max 
100 max 

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

Pentode Unit 
Grid No.3 to Plate (Each Unit) ........................... . 
Grid No.3 to all Other Electrodes (Each Grid) ............. . 
Grid No.1 to all Other Electrodes) ......................... . 
Plate to all Other Electrodes (Each Plate) ................. . 

Grid No.3 of Pentode 1 to Grid No.3 of Pentode 2 ............... . 

Triode Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .............................................. ,. ... . 
Average Cathode Current ...................................... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 100 /LA ............•. 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation .................................. . 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ..................................... . 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value ......................................... . 
DC negative value ......................................... . 
DC positive value .......................................... . 

Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Negative bias value ......... . 
Cathode Current ............................................... . 
Plate Dissipation (Each Unit) ............................... ' .. . 
Grid-No.2 Input ............................................... . 

CHARACTERISTICS (With Both Units Operating). 
Plate Voltage (Each Unit) ....................... . 
Grid-No.3 Voltage (Each Unit) ................... . 
Grid-No.2 Voltage ................................ . 

100 
-10 
67.5 

Grid-No.1 Voltage ................................ . • 
Plate Current (Each Unit) ....................... . 
Grid-No.2 Current ................................ . 

0 
7 

CHARACTERISTICS (With One Unit Operating) t 
Plate Voltage .................................... . 100 
Grid-No.3 Voltage ................................ . 0 
Grid-No.2 Voltage ................................ . 67.5 
Grid-No.1 Voltage ................................ . 0 
Grid-No.3 Transconductance ....................... . 
Grid-No.1 Transconductance ....................... . 1700 
Plate Current ..................................... . 

2.3 

Grid-No.2 Voltage (Approx.) for plate current of 
100/LA ....................................... . 

Grid-No.1 Voltage (Approx.) for plate current of 
100/LA ........•............................... 

MAXIMUM CIRCUIT VALUES 
Grid-No.8-Circuit Resistance (Each Unit) ....................... . 
Grid-No. I-Circuit Resistance ................................... . 
• Adjusted to provide a dc grid-No.1 current of 100 microamperes. 
t With plate and grid No.3 of the other unit connected to ground . 
• Voltages and plate curl'ent apply to each section. 
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8BAll 
8.4 volts 

0.45 amperes 
11 seconds 

±200 max volts 
100 max volts 

2 pF 
2 pF 

1.9 pF 

2 pF 
3.6 pF 

6 pF 
8 pF 

0.026 max pF 

300 
20 

1.5 

250 
-11 

18 
1800 

5 
-18 

0.25 
1 

300 

50 
50 

8 
150 
50 
12 
1.1 

0.75 

100 
0 

67.5 • 
2.5 
4.4 

100 
0 

67.5 • 
450 

2.5 

3.2 

0.5 
0.5 

volts 
mA 

watts 

volts 
volts 

/Lmho9 
mA 

volts 

megohm 
megohm 

volts 

volts 
volts 
volts 
volts 
volts 
mA 

watts 
watt 

volts 
volts 
volts 
volts 
mA 
mA 

volts 
volts 
volts 
volts 

/Lmhos 
/Lmhos 

mA 

volts 

volts 

megohm 
megohm 
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6BC4 MEDIUM-MU TRIODE 
Miniature type used as an rf amplifier in the cathode
drive circuits of uhf television tuners covering the fre
quency range of 470 to 890 MHz. Outlines section, 6A: 
requires miniature 9-contact socket. 
Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage .................................... . 
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate ...................................... . ..... . 
Grid to Heater and Cathode ................................. . 
Plate to Heater and Cathode ................................ . 
Heater to Cathode ......................................... . 

Class At Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ...............................................•.. 
Cathode Current ................................................ . 
Plate Dissipation ...... . ...................................... . 

CHARACTERISTICS 
Plate Supply VoltaJe ........................................... . 
Cathode.Bias Reslstnr ........................................... . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) ..................................... . 
Tranaconductanee .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 10 p,A ............... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation ................................ .. 

9DR 
6.3 volts 

0.225 ampere 
±75max volts 

1.6 pF 
2.9 pF 

0.26 pF 
2.7 pF 

260 volts 
25 mA 
2.5 watts 

150 volts 
100 ohms 

48 
4800 ohms 

10000 "mhos 
14.5 rnA 
-10 volts 

Not recommended 
0.5 megohm 

6BC5 Refer to chart at end of section. 

6BC5/6CE5 SHARP-CUTOFF PENTODE 
3BC5/lCES 

Miniature type used in compact radio equipment as an 
rf or if amplifier at frequencies up to 400 MHz. Out
lines section, 5C; requires miniature7~contact socket. 
For typical operation as resistance-coupled amplifier, 
refer to Resistance-Coupled Amplifier section. Type 
3BC5/3CE5 is identical with type 6BC5/6CE5 except for 
heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ..................................•• 
Heater Warm-up Time (Average) ........•.......•.. 
Heater-Cathode Voltage: 

Peak value .............................•.•....• 
Average value ................................ . 

Direct Interelectrode Capacitances : 
. Pentode Connection: 

IDC5/3CE5 
.. 3.15 

0.6 
11 

±200~ 
100 max 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.8. and 

Internal Shi .. :d ........................... -...... -~ .... :: .' .. ' .. 
Plate to Cathode. Heater. Grid No.2. Grid No.3. and Internal 

Shield ................................................. . 
Triode Connection:. 

Grid No.1 to Plate and Grid No.2 ............................ . 
Grid No.1 to Cathode. Heater. Grid No.8. and Internal Shield .. 
Plate and Grid No.2 to Cathode. Heater. Grid No.3. and 

Internal Shield ............................................ . 

• Grid No.2 eonnected to plate. 

*H P 
4 5 

H 3 . ::: & G2 

K --- K 
G 2 7 G3 
IS IS 
. . . I 

GI 

lBD 

6DC5/6CES 
6.3 . volts 
O.S ampere 

Beeonds 

±90max volts 
volts 

O.OSOmax pF 

6.5 pF 

1.8 pF 

2.5 pF 
3.9 pF 

3 pF 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................... . 

Triode Pentode 
Connection· Connection 

300 300 
300 

191 

volts 
volts Grid-No.2 (Screen-Grid) Supply Voltage ............ . 

Grid-No.2 Voltage. . .............................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value. o 

2.5 

See curve page 300 
o volts 

watts Plate Dissipation ................................. . 2 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ......... . 0.5 watt 
For grid-No.2 voltages between 150 and 300 volts. See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ......................... . 
Cathode-Bias Resistor ............................. . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ............................... . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Appro".) for plate current of 

10 p.A ........................................ . 
- Grid No.2 connected to plate. 

Triode 
Connedion· 
180 250 

330 820 
42 40 

0.006 0.009 
6000 4400 

8 6 

Refer to chart at end of section, 

For replacement use type 6BC8/6BZ8. 

Pentode 
Connection 

100 125 250 
100 125 150 
180 100 180 

0.6 0.5 0.8 
4900 6100 5700 

4.7 8 7.5 
1.4 2.4 2.1 

-5 -6 -8 

6BC7 

6BC8 

volts 
volts 
ohm. 

megohm 
p.mho. 

mA 
mA 

volts 

6BC8/6BZ8' 
MEDIUM-MU TWIN TRIODE 4BC8 

SAJ 

Miniature type used as a cascode amplifier in vhf tele
vision tuners and in push-pull cathode-drive rf ampli
fiers. Outlines section, 6B; requires miniature 9-contact 
socket. Type 4BC8 is identical with type 6BC8/6BZ8 
except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

4BC8 
4.2 
0.6 
11 

6BC8/6BZ8 
6.3 
0.4 

Peak value .................................... ±200"ma" ±200"max 
Average value................................. 100 max 100 max 

Direet Intereleetrode Capacitances-: Unit No.1 Unit No.2 

volts 
ampere 
seeonds 

volts 
volts 

Grid to Plate .................................. 1.2 1.2 pF 
Grid to Cathode, Heater, and Internal Shield .... 2.6 pF 
Cathode to Grid, Heater, and Internal Shield .... 5.5 pF 
Plate to Cathode, Heater, and Internal Shield. . . . 1.3 pF 
Plate to Grid, Heater, and Internal Shield ...... 2.4 pF 
Plate to Cathode ............................... 0.12 pF 
Heater to Cathode ............................. 2.8 2.8 pF 
Plate of Unit No.1 to Plate of Unit No.2 ........ 0.02 max pF 
Plate of Unit No.2 to Plate and Grid of Unit No.1 0.04 max pF 

- Rating may be as high as 300 volts under cutoll' conditions, when tube is used as a eascode 
amplifier, the two units are connected in series. and heater is negative with respeet to eathode. 
- With external shield conneeted to internal shield. 

Class Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 250- volts 
Cathode Current ................................................ . 22 mA 
Plate Dissipation ............................................... . 2.2 watts 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Cathode-Bias Resistor ........................................... . 

150 volts 
220 ohms 

Plate Resistance (Approx.) ..................................... . 
A.mplification Factor ........................................... . 
Transconduetanee .............................................. . 
Plate Current ..................... :: ........................... . 

5300 ohms 
35 

6200 p.mhos 
10 mA 

Grid Voltage (Approx.) for transconductanee of 50 p.mhos ........ . -13 volts 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance .......................................... 0.6 megohm 
• Rating may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

6BD4 
6BD4A Refer to chart at end of section. 

6BD6 
6BDll 
6BE3 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6BE3/6BZ3. 

6BE3/6BZ3 
12BE3, 

17BE3/17BZ3 

HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as damper tube in horizontal-de- He 3 
flection circuits of color and black-and-white television 
receivers. Outlines section, 8D; requires duodecar 12-
contact socket. Types 12BE3 and 17BE3/17BZ3 are 
identical with type 6BE3/6BZ3 except for heater ratings. 

17BE3/ 
6BE3/6BZ3 UBE3 17BZI 

Heater Voltage (ac/dc) .......................•. 6.3 12.6 
Heater Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 0.6 
Heater Warm-up Time (Average) .............. 11 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode, and Heater ............................... . 
Cathode to Heater, and Plate ............................... . 
Heater to Cathode .......................................... . 

Damper Service 
For operation in a 626-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 

16.8 
0.46 

11 

10 
8 

3.4 

Peak Inverse Plate Voltage# .................................... 6000 
Peak Plate Current .............................................. 1200 
Average Plate Current .......................................... 200 
Plate Dissipation ................................................ 6.6 
Heater-Cathode Voltage: 

Peak value ................................... +300 -5000 
Average value................................. +100 -900 

CHARACTERISTIC Instantaneous Value 
Tube Voltage Drop for dc plate current of 350 mA ................ 26 

-# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6BE6 PENTAGRID CONVERTER 
12BE6 

Miniature type used as converter in AM and FM re
ceivers. Outlines section, 5C; requires miniature 7-con
tact socket. For general discussion of pentagrid types, 
see Frequency Conversion in Electron Tube Applications 
section. Type 12BE6 is identical with type 6BE6 except 
for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
'. Heater Current ................................... . 

6BE6 
6.3 
0.3 

12BE6 
12.6 
0.16 

7CH 

volts 
ampere 
seconds 

pF 
pF 
pF 

volts 
mA 
mA 

watts 

volts 
volts 

volts 

volts 
ampere 
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Heater-Cathode Voltage: 
Peak value ................................... . ±200 max ±200'max 
Average value ................................ . 100 max 100 max 

Direct Intel'electrode Capacitances: 
Grid No.3 to Plate ........................... . 
Grid No.3 to Grid No.1 ....................... . 
Grid No.1 to Plate ...........................• 
Grid No.3 to All Other Electrodes ............ . 
Grid No.1 to All Other Electrode. . ............ . 
Plate to All Other Electrodes ............... . 
Grid No.1 to Cathode and Grid No.5 ......... . 
Cathode and Grid No.5 to All Other Electrodes 

except Grid No.1 .......................... . 
• With extemal shield connected to cathode and grid 

Converter 
MAXIMUM RATINGS (Design-Maximum Values) 

Unshielded 
0.30 max 
0.15 max 
0.10 max 

No.5. 

7 
5.5 
8.0 

3 

15 

Plate Voltage ................................................. . 
Grids-No.2-and-No.4 (Screen-Grid) Voltage ..................... . 
Grids-No.2-and-No.4 Supply Voltage ............................ . 
Cathode Current ............................................... . 
Plate Dissipation .....•......................................... 
Grids-No.2-and-No.4 Input ..................................... . 
Grid-No.3 Voltage: 

Negative-bias value ........................................ . 
Positive-bias value ......................................... . 

Heater-Cathode Voltage: 
Peak value ................................................ . 
Average value ............................................. . 

TYPICAL OPERATION (Separate Excitation)" 
Plate Voltage ................................... . 
Grids-No.2-and-No.4 (Screen-Grid) Voltage ....... . 
Grid-No.1 (Oscll1ator-Grid) Voltage (rms) ....... . 
Grid-No.3 (Control-Grid) Voltage ................ . 
Grid-No.1 (Oscillator-Grid) Resistor .............. . 
Plate Resistance (Approx.) ...................... . 
Conversion Transconductance ........... _ ......... . 
Plate Cunent .................................. .. 
Grids-No.2-and-No.4 Current ...................... . 
Grid-No.1 Current ............................... . 
Cathode Current ................................. . 
Grid-No.3 Voltage for conversion transconductance 

of 10 JLmhos ................................. . 

100 
100 
10 

-1.5 
20000 

0.4 
455 
2.6 
7.0 
0.5 

10.1 

-30 

Shielded· 
0.25 max 
0.15 max 
0.05 max 

7 
5.5 

13.0 
3 

20 

330 
110 
330 

15.5 
1.1 
1.1 

65 
o 

200 
.100 

250 
100 
10 

-1.5 
20000 

1 
475 
2.9 
6.8 
0.5 

10.2 

-30 
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volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

pF 

volts 
volts 
volts 

mA 
watts 
watts 

volts 
volts 

volts 
volts 

volts 
volts 
volts 
volts 
ohms 

megohm 
JLmhos 

mA 
rnA 
mA 
mA 

volts 

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 7250 /Amhos 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 cathode current is 25 mAo and the amplification factor is 20. Grid-No.1 voltage (Approx.) 
for plate current of 10 JLA is -11 volts. 
• The characteristics shown with separate excitation correspond very closely with those ob
tained in a self-excited circuit operating with zero bias. 

Installation and Application 
Because of the special structural arrangement of the 6BE6, 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 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 avc bias produce little change in oscillator trans
conductance and in the input capacitance of grid No.1. There is, therefore, 
little detuning of the oscillator by avc bias. 

A typical self-excited oscillator circuit employing the 6BE6 is given 
in the Circuits section. 

In the 6BE6 operation characteristics curves with self-excitation, Ek is 
the voltage across the oscillator-coil section between cathode and ground; 
Eg is the oscillator voltage between cathode and grid. 
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OPERATION CHARACTERISTICS 
WITH SELF-EXCITATION 

TYPE 6BE6 
~~~~N~~L~SN'4P1y~~S~~=2S0 -

g~:g:~:~ ~~~~:g~~J~LiJgO=O-1 -
p('to)=~)( 100 (Sj~ T~XT)I ,_ 
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OPERATION CHARACTERISTICS 
WITH SEPARATE OSCILLATOR [XCITATION 

.. 
o 
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I: 
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TYPE 6BE6 
£,..=6.3 VOLTS 
PL.AT( VOLTS:: 2$0 
GRIDS-NI2 & N94 VOLTS=IOO 
GRID- Nt 3 (CONTROL-GRID)VOLTS.-I.~ 
GRID-Nt: I RESISTOR-OHMS:: 20000 
GRID-Nt I CURRENT VARIED BY 

ADJUSTMENT or OSCILLATOR VOLTAGE 

I J J ~ I 
yRECOMMENDED MINIMUM 

'-I-- I VA1LUE rr II' -

, 
dATHboE ~URjENT 

:; ~ 
!, "2 
Sc V 

o 0.4 0.8 1.2 

~C .. -ee25T 
GRID· NO I MILLIAMPERES (ICI) 

92CM'1I624T 

6BF5 

6BF6 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BFll 
12BFll, 17BFll, Z4BFIl 

BEAM POWER TU BE
SHAR~CUTOFF PENTODE 

Duodecar type used as combined detector and amplifier 
tube in color and black-and-white television receivers. 
The dual-control, sharp-cutoff pentode unit is used as 
an FM detector and the beam power unit as an af output 
amplifier. Outlines section, 8C; requires duodecar 12-
contact socket. Types 12BFll, 17BFll and 24BFll are 
identical with type 6BFll except for heater ratings. 

Heater Voltage (ae/de) ....... . 

12EZ 

24BFll 
24.2 volt. 

Heater Current ............... . 

6BFll 
6.3 
1.2 

12BFll 
12.6 

0.6 

17BFll 
16.8 
0.45 

11 
0.315 amperes 

Heater Warm·up Time (Average) 
Heater·Cathode Voltage: 

11 

Peak value ............... ±200 max ±200 max ±200 max 
Average value ........... 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Plate .......................................... . 
Grid No.3 to Plate ......................... : ................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ....................................... . 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, 

and Internal Shield ....................................... . 
Grid No.1 to Gdd No.3 ..................................... . 

Beam Power Unit: 
Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................••... 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ...................................... . 
Pentode Plate to Beam Power Plate .......................... . 

11 seconds 

±200 max volts 
100 max volts 

0.36 pF 
3.2 pF 

6.5 pF 

8 pF 
0.11 pF 

0.24 pF 

13 pF 

10 pF 
0.13 pF 



TECHNICAL DATA 

Beam Power Unit as Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Average Cathode Current ....................................... . 
Plate Dissip!Ltion .............................................••. 
Grid-No.2 Input ................................................ . 

TYPICAL OPERATION 
Plate Voltage .................................................. . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid·No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 

140 

13120 

~ 
2100 

'" :::i 
::l80 
lE 

;;60 
~40 
~ 
g20 

~\ TYPE 6BFII 8EAM POWER UNIT 
DC GRID- No.2 VOLTAGE (EC 110 

35 

II,\~ I-"""" 
0 

Ill.. 
~ 

I N ,I VOLTAGE (EgJ-2 
~CGRID- o. 

I'~ i(1c"! -4 , ... 
I 

',>:: ~ ..... ££!.~ -6 
I 

~ roc - - =2 -8 ...... -... - :i!!.. - --..,. .16 ~ - - - -I 

o 100 200 !DO 
PLATE VOLTS 

400 
92CS-13742T 

Load Resistance ................................................. . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ............................... . ... . 
For cathode-bias operation .................................. . 

Pentode Unit as Class A, Amplifier 
CHARACTERISTICS 

165 
150 
65 
6.5 
1.8 

145 
llO 
-6 

6 
36 
40 

3 
9 

0.03 
8600 

3000 
10 

2.4 

0.25 
0.5 
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volts 
volts 
mA 

watts 
watts 

volts 
volts 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

megohm 
jtmhos 

ohms 
per cent 

watts 

megohm 
megohm 

Plate Supply Voltage ............................................ 150 volts 
Grid No.3 (Control-Grid) .................. Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Supply Voltage .......................... 100 volts 
Grid No.1 (Control Grid) .................... Connected to negative end of cathode resistor 
Cathode-Bias Resistor ........................................... 560 ohms 
Plate Resistance (Approx.) ...................................... 0.15 megohm 
Transconductance, Grid No.1 to Plate ............................ 1000 jtmhos 
Transconductance, Grid No.3 to Plate ............................ 400 jtmhos 
Plate Current ................................................... 1.3 rnA 
Grid-No.2 Current 2 rnA 
Grid-No.1 Voltage iAi;p~,;,;.)' 'f~": 'pl;'t~' cu~·"·~;'t· ~i '10 '~A..""""".'"" -4.5 volts 
Grid-No.3 Voltage (Approx.) for plate current of 10 jtA ........ -4.5 volts 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 Voltage .............................................. . 
Grid No.2 Supply Voltage ...................................... . 
Grid-No.2 Voltage ............................................•.. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........•. 
Plate Dissipation ............................................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......................•. 
For grid-No.2 voltages between 165 and 330 volts ............. . 

330 volts 
28 volts 

330 volts 
See curve page 300 

o volts 
1.7 watts 

1.1 watts 
See curve page 300 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................•.•• 
For cathode-bias operation ................................. . 

TYPE 6BFII 
PENTODE UNIT 
DC GRID-No.3 VOLTAGE IECjlaoV 
DC GRID-No.2 VOLTAGElEC2 -IOOV 

~ 

/' 
~ J 

i /"'"~ .J. 
~ 
~ V'6tT<j,!f. I~ laO 
ftl""'" -J 

...... -2 -,4 -
o 10 C:JU 300 4< 0 l! 0 

PLATE VOL~S_157. 

0.25 
0.5 

megohm 
megohm 

6BG6G 
6BG6GA 

Refer to chart at end of section. 

6BH3 

6BH3A 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BH6 SHARP-CUTOFF PENTODE 
Miniature type used as rf amplifier particularly in 
ac/dc receivers and in mobile equipment where low 
heater-current drain is important. It is particularly 
useful in high-frequency, wide-band applications. 
Outlines section, 5C; requires miniature 7 -contact 
socket. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage .................................. . 
Direct Interelectrode Capacitances:-

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ..... . ................................... . 
Plate to Cathode. Heater, Grid No.2, Grid No.3, and 

Intel'nal Shield .......................................... . 

~
H4 sP 

H 3 ::: b G2 

2 7 
K G3 
IS 

I 
GI 

7CM 
6.3 volts 

0.15 ampere 
±90 max volts 

0.0035 max pF 

5.4 pF 

4.4 pF 
• Without external shield, or with external shield connected to cathode. 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................ . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ...................................... . 

Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 160 and 300 volts ........... . 

CHARACTERISTICS 
Plate Voltage ................................... . 100 
Grid No.3 ....................................... . Connected 
Grid-No.2 Voltage ............................... . 100 
Grid-No.1 Voltage ............................... . -1 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 

0.7 
3400 

Plate Current ................................... . 3.6 
Grid-No.2 Current ............................... . 1.4 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ....................................... . -5 

300 volts 
See curve page 300 
300 volts 

50 
o 
s 

volts 
volts 

watts 

0.5 watt 
See curve page 300 

250 volts 
to cathode at socket 

150 volts 
-1 volt 
1.4 megohms 

4600 Jimhos 
7.4 mA 
2.9 mA 

-7.7 volts 
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Refer to chart at end of section. 6BH8 

MEDIUM-MU TWIN TRIODE
SHARP-CUTOFF PENTODE 6BHll 

Duodecar type used in color and black-and-white tele
vision receiver applications. The triode units are used 

10 Pp for general-purpose applications, and the pentode unit 
~ __ '" II Kp.G3pi~ used for h~rizontal-deflection service. Outlines sec-

12 IS bon, 8B; requIres duodecar 12-contact socket. Heater: 
12FP H volts (ac/dc), 6.3; amperes, 0.8; maximum heater

cathode volts, ±200 peak, 100 average. 

Pentode Unit as Horizontal-Deflection Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Gl·id-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Peak negative value ........................................ . 

Peak Cathode Current ......................................... . 
Avel'age Cathode Curt"ent ..................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................ . 
Grid Voltage. Positive-bias Value .............................. . 
Plate Dissipation . . .......................................... . 

350 
330 

0 
176 
300 

20 
2.5 

0.55 

Each Triode Unit 
330 

o 
2.5 

Each 
CHARACTERISTICS Pentode Unit Triode Unit 
Plate Voltage ................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor ............................ . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 p.A •..................................... 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

125 125 
125 
-1 

200000 
7500 

12 
4 

-1 
46 

5400 
8500 
13.5 

-8 -8 

volts 
volts 

volts 
volts 

mA 
mA 

watts 
watt 

volts 
volts 

watts 

volts 
volts 
volt 

ohms 
/<mhos 

mA 
rnA 

volts 

For fixed-bias operation ..................... .. 
For cathode-bias operation .................... . 

2.2 
2.2 

2.2 
2.2 

megohms 
megohms 

Refer to chart at end of section. 6BJ3 

REMOTE-CUTOFF PENTODE 6BJ6 

7CM 

Miniature type used as rf amplifier in high-frequency 
and wide-band applications. Features high transcon
ductance and low grid-to-plate capacitance. Outlines 
section, 5C; requires miniature 7-contact socket. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current .. .. .. .... . ................................ . 
Peak Heater-Cathode Voltage ................................. . 

6.3 volts 
0.15 ampere 
±90max volts 

Direct Interelectrode Capacitances:" 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heatel', Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 

0.0035 max pF 

4.5 pF 

5.5 pF 

" Without external shield, or with external shield conneeted to cathode. 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Sel'een-Grid) Voltage ............................... . 
Grid-No.2 Supply Voltage ..................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For gl·id-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 160 and 300 volts ........... . 

Grid-No.1 (Control-Grid) Voltage: 
Negative-bias value ......................................... . 
Positive-bias value ......................................... . 

CHARACTERISTICS 
Plate Voltage .. , ................................. . 100 

300 volts 
See eurve page 300 
300 volts 

3 watts 

0.6 watt 
See curve page 300 

60 
o 

260 

volts 
volts 

volts 
Grid No.3 ....................................... . Conneeted to cathode at soeket 
Grid-No.2 Voltage ............................... . 100 100 
Grid-No.1 Voltage ............................... . -1 -1 
Plate Resistance (Approx.) . . .................... . 
Transeonductance ................................ . 

0.26 1.3 
3660 3600 

Plate Current ................................... . 9 9.2 
Grid-No.2 Current ............................... . 3.6 3.3 
Grid-No.1 Voltage (Approx.) for transconductanee of 

10 jtmhos .................................... . -20 -20 

6BJ6A 
Refer to chart at end of section. 

6BJ7 

6BJ8 

For replacement use type 6BJ6. 

Refer to chart at end of section. 

TWIN DIODE
MEDIUM-MU TRIODE 

volt. 
volt 

megohms 
jtmhos 

rnA 
mA 

volts 

Miniature type used in black-and-white and color tele
vision receiver applications. The diode units are used 
in phase-detector, phase-comparator, ratio-detector or 
discriminator, and horizontal afc discriminator circuits. 
The triode unit is used in phase-splitter, audio-fre
quency amplifier, vertical-deflection amplifier, and low
frequency oscillator applications. Outlines section, 6E; 

9ER 
requires miniature 

9-contact socket. . 
Heater Voltage (ac/dc) .......................................•. 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................. . 
Heater-Cathode Voltage: . 

6.3 volts 
0.6 ampere 
11 seconds 

!:~g:al~:lu';"::::::::::::::::::: ::: :::::::::: :::::: :::::::: ±200max volts 
100 max volts 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................. . 2.6 pF 
Grid to Cathode and Heater ............................... . 2.8 pF 
Plate to Cathode and Heater ...............................• 0.31 pF 

Diode Units: 
Plate to Cathode and Heater (Eaeh Unit) ................. . 1.9 pF 
Cathode to Plate and Heater (Eaeh Unit) ................. . 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 

4.6 pF 
0.06 max pF 

Plate of Diode Unit No.1 to Triode Grid ..................... . 0.07 max pF 
Plate of Diode Unit No.2 to Triode Grid ..................... . 0.11 max pF 
Plate of Either Diode Unit to All Other Electrodes ........... . 3 pF 
Cathode of Either Diode Unit to All Other Eleetrodes ......... . 4.8 pF 

Triode Unit as Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 1 late Voltage ................................................. . 

rid Voltage. Positive-bias value ..............................•• 
verage Cathode Current ..................................... . 

330 volts 
0 volts 

22 mA 
Plate Dissipation ............................... , .............. . 4 watt. 

CHARACTERISTICS 
Plate Voltage .................................... 90 260 volts 
Grid Voltage ...................................... 0 -9 volts 
Amplifieation Faetor .............................. 22 
Plate Resistance (Approx.) ...................... 4700 
Transconductanee .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4700 

20 
7160 ohms 
2800 jtmhoB 
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Plate Current .................................... 13.5 
Plate Current for grid voltage of -12.5 volts ..... . 
Grid Voltage (Approx.) for plate current of 10 /LA .• -7 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ......................................... . 

8 
1.7 

-18 

1 

199 

mA 
mA 

volts 

megohm 

Triode Unit as Vertical-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 330 volts 
Peak Positive-Pulse Plate Voltage# ............................. . 1200 volts 
Peak Negative-Pulse Grid Voltage ............................. . 275 volts 
Peak Cathode Current ......................................... . 77 rnA 
Average Cathode Current ..................................... . 22 rnA 
Plate Dissipation .............................................. . 4 watts 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation ............. . 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds) • 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit) : 

Peak ..................................................... . 
Average ..................••....•.....•..••••..• 0 •••••••• 

13 
~ 25 
:,; 
420 
:I 
:i 15 

~ 101~~~L+1-~--~-f~~~ 
~ 

Refer to chart at end of section. 

BEAM TRIODE 

92CS-9531T 

54 
9 

6BK4 
6BK4A 
6BK4B 

6BK4C/ 
6EL4A 

mA 
rnA 

IC~1C4 _:_ 5

G 

a'C 

2 7 
H H 

I a 
" IC 

aGe 

Glass octal type used for the voltage regulation of 
high-voltage, low-current dc power supplies in color 
and black-and-white television receivers. Outlines sec
tion, 21B; requires octal socket. Socket terminals 3, 4, 
6, and 8 should not be used for tie points. For high 
voltage and X-ray safety considerations, refer to page 
93. 

Heater Voltsge (ac/dc) ........................................ . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ................................... . 

6.3 volts 
0.2 ampere 

-450· max volts 
Direct Interelectrode Capacitances (Approx.):t 

Grid to Plate ............................................... . 0.03 pF 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater ............................... . 

2.6 pF 
1 pF 
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Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .............................................. . 27000 volts 
Unregulated DC Supply Voltage ................................ . 
DC Grid Voltage ............................................... . 

60000 volts 
-135 volts 

Peak Grid Voltage" ............................................ . -440 mA 
Average Plate Current .......................................... . 1.6 mA 
Plate Dissipation .............................................. . 40 watts 
TYPICAL OPERATION 
Unregulated DC Supply Voltage ................................ . 36000 volts 
Equivalent Resistance of Unregulated Supply ................... . 11 megohms 
Voltage Divider Values: 

Rl (5 watts) ............................................... . 
lU (2 watts} ............................................... . 

220 megohms 
1 megohm 

Ra (0.5 watt} ............................................. . 0.82 megohm 
DC Reference Voltage Supply' .......................... , ...... ' .. . 200 volts 
Equivalent ResiStance of Reference Voltage ..................... . 
Effective Grid-Plate Transconductance .......................... . 
DC Plate Current for Load Current of 0 mA .................... . 
DC Plate Current for Load Current of 1 mA .................... . 

1000 ohms 
200 /Lmhos 

1000 /LA 
45 /LA 

Regulated DC Output Voltage for Load Current of 0 mA ......... . 
Regulated DC Output Voltage for Load Current of 1 mA ......... . 

25000 volts 
24500 volts 

MAXIMUM· CIRCUIT VALUE 
Grid-Circuit Resistance .......................................... 3 megohms 
" For interval of 20 seconds maximum duration during equipment warm-up period. 

X-RADIATION CHARACTERISTIC 
X-Radiation, l\('!J'imum: 

Statistical value controlled on a lot sampling basis 

CHARACTERISTICS RANGE VALUES Note Min 
Grid Voltage (1) ........................... 1 -7 

0.5 

Max 

Grid Voltage (2) ........................... 2 -40 
Grid-Voltage Change........................ 3. 9 
Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mAo 
Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mAo 
Note 3: Difference between grid voltage (1) and'grid voltsge (2}. 

mR/hr 

volts 
volts 
volts 

Caution-Operation of this tube outside of the'ml',ximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

AVERAGE TRANSFER 
CHARACTER ISTICS 

TYPE 6BK4C/6EL4A 
E4'= 11.3 VOLTS 

0 
2.5 

8 
2.0:3 

0: i tf-
it 
I I 
! I/~: 

OJ 
II. 

.5 ~ 
:::; 
..J 

.0 2 
OJ 

~ 
0.5 i II II 0 

J J Jo/ 
vv 

- - - --25 20 15 10 5 0 
GRID VOLTS 

112CS-8432T3 

• Series impedence should be used with the cathode to limit the cathode current under pro-
longed short-circuit conditions to 450 mAo ' 
1: Without external shield. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

6BK5 

6BK7A 

201 

MEDIUM-MU TWIN TRIODE 6BK7B 
5BK7A 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners and in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re
quires miniature 9-contact socket.' For typical opera
tion as a resistance-coupled amplifier, refer to Resist
ance-Coupled Amplifier section. Type 5BK7 A is identi
cal with type 6BK7B except for heater ratings. 

Heater Voltage (ae/de) "., ............. , ... , .... . 
Heater Current ........ , .. , .... , ...... , ......... . 
Heater Warm-up Time (Average) , ..... ,., ........ . 
Heater-Cathode Voltage: 

5BK7A 
4.7 
0.6 
11 

6BK7B 
6.3 

0.45 
11 

Peak value ......... , ....... , ..... , ...... ,.,.. ±200'max ±200·max 
Average value .......................... ,..... 100 max 100 max 

Direct Intereleetrode Capacitances: Unit No.1 Unit No.2 
Grid to Plate ................................ 1.8 1.8 
Grid to Cathode, Heater, and Internal Shield .. .3 3 
Plate to Cathode, Heater, and Internal Shield .. 1 0.9 
Cathode to Grid, Heater, and Internal Shield ,. 6 6 
Plate to Grid, Heater, and Internal Shield .... 2.4 2.4 
Plate to Cathode .............................. 0.22 0.22 
Heater to Cathode .... ,......................... 2.8 3 
Grid of Unit No.1 to Grid of Unit No.2 ,., .............. ,.. 0.004 max 
Plate of Unit No.1 to Plate of Unit No.2 , .. , ...... ,....... 0.075 max 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

• Rating may be as high as 300 volts under cutoll' conditions when tuhe is used as a cascode 
amplifier, the units are connected in series. and heater is negative with respect to cathode. 

Class Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Value) 
Plate Voltage .......................................... ', ..... . 
Grid Voltage, Negative-bias value , ............... , ............ . 
Plate Dissipation .. ,." ........... , ............. , .............. . 

CHARACTERISTICS 
Plate Supply Voltage .................. , ............... , ...... . 
Cathode-Bias Resistor .,.. ., .... ,., ........................... . 
Amplification Factor .............. , ..... , ...................... . 
Plate Resistance (Approx.) ....... , .............. , .......... ,.,. 
Transconductance .............................................. . 
Plate Current ., ..... "., .. ,., .... , ...................... , ..... . 
Grid Voltage (Approx.) for plate current of 10 p.A .. , .......... . 

Refer to chart at end of section. 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

300 
50 

2.7 

150 
56 
43 

4600 
9300 

18 
-11 

6BL4 

6BL7GT 

volts 
volts 

watts 

volts 
ohms 

ohms 
p.mhos 

mA 
volts 

6BL7GTA 

BBD 

Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers. When so operated, 
it is recommended that unit No.1 (pins 4, 5, and 6) be 
used as the oscillator. Outlines section, 13D; requires 
octal socket. 

Heater Voltage (aclde) ....... " ... , .......................... . 
Heater Current " ........ , .... ,., .............................. . 
Heater-Cathode Voltage: 

Peak value .,.,.,., .. , ........... , ............ ,., ...... , ... . 
Average value ............................................. . 

6.3 volts 
1.5 amperes 

±200 max volts 
100 max volts 
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Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ............................... . 
Grid to Cathode and Heater ................. . 
Plate to Cathode and Heater ................. . 

Class Al Amplifier 
CHARACTERISTICS (Each Unit) 

Unit No.1 
6 

4.2 
0.9 

Plate Voltage ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 250 
Grid Voltage .................................. 0 -17 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 
rransconduetanee ............................. . 
Plate Current ............................ 65- 4 
Grid Voltage (Approx.) for plate current of 

50 p.A .................................. . 
- This value can be measured by a method involving a recurrent 
the maximum ratings of the tube will not be exceeded. 

Unit No. 2 
6 

4.6 
0.9 

pF 
pF 
pF 

250 volts 
-9 volts 

15 
2150 ohms 
7000 p.mhos 

40 mA 

-23 volts 
waveform such that 

Vertical-Deflection Oscillator or Ampl ifiero 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Center Values) Oscillator Amplifier 
DC Plate Voltage ................................ 500 500 volts 
Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum) ........................ . 2000. volts 
Peak Negative-Pulse Grid Voltage ................ 400 250 volts 
Peak Cathede Current ............................ 210 210 rnA 
Average Cathode Current .......................... 60 60 rnA 
Plate Dissipation: 

For either plate ............................... 10 10 watts 
For both plates with both units operating ...... 12 12 watts 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance ............................ 4.7 4.7t megohms 
• Unless otherwise specified, values are for each unit. 
# Pulse duration must not exceed 15% of a vertical sC!Lnning cycle (2.5 milliseconds) • 
• Under no circumstances should this absolute value be exceeded. 
t For cathode-bias operation. 

6BL8 Refer to chart at end of section. 

6BLSI 
ECFSO 

MEDJUM-MU TRIODE
SHARP-CUTOFF PENTODE 

4BL8/XCF80 

Miniature type used in frequency-changer service in 
color and black-and-white television receivers. Outlines 
section, 6B; require miniature 9-contact socket. Type 
4BL8/XCF80 is identical with type 6BL8/ECF80 ex
cept for heater ratings. 

Heater Voltage (ac/dc) ............ '" ......•.... 
Heater Current .................................. . 
Peak Heater-Cathode Voltage ................... . 

4BL8/ 
XCF80 

4.6 
0.6 

±100 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ............................ . 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage .......... . 
Grid-No.2 Voltage: 

With c!Lthode current of 14 rnA .............•. 
With cathode current less than 10 rnA ....... . 

Cathode Current ................................. . 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

With plate dissipation greater than 1.2 watts .. 
With p.late dissipation less than 1.2 watts .... 

Triode Unit 
550 
250 

14 
1.5 

6BL8/ 
ECF80 

6.3 

9DC 

0.45 
±100max 

Pentode Unit 
550 
250 
550 

175 
200 

14 
1.7 

0.5 
0.75 

volts 
ampere 

volts 

volts 
volts 
volts 

volts 
volts 

rnA 
watts 

watt 
watt 
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CHARACTERISTICS 
Plate Voltage .................................... 100 170 volts 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................. -2 

170 volts 
-2 volts 

Amplification Factor .............................. 20 
Mu-Factor, Grid No.2 to Grid No.1 ............... . 
Plate Resistance (Approx.) ...................... . 
Transconductance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6000 

47 
0.4 megohm 

6200 /Lmhos 
Plate Current ........................ ,'.,." .. ,... 14 10 mA 
Grid-No.2 Current ,., ... , """ ..... ,.,.,.,., .... . 2.8 mA 
Input Resistance at frequency of 60 MHz .,.,", .. . 0.01 megohm 
Equivalent Noise Resistance .,.".,", ........... . 1500 ohms 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .,.,.................. 0.6 0.5 megohm 
For cathode-bias operation ................... 0.6 1 megohm 

6BM8/ 
H 

HIGH-MU TRIODE- ECL82 
Pp POWER PENTODE SOBM8/UCL81 

e Miniature type used in color and black-and-white tele-
1 G2Pvision receiver applications. The pentode unit is used 

as an audio output tube, and the triode unit as an 
I<p.G3p 2 e Kr oscillator and af voltage amplifier. Outlines section. 

IS "";:::::~F:.. 6G; requires miniature 9-contact socket. Type 50BM8/ 
UCL82 is identical with type 6BM8/ECL82 except for 
heater ratings. 

Heater Voltage .................................. . 
Heater Current ... , .............................. . 
Peak Heater Cathode Voltage .................... . 

6BMS/ 
ECLS2 

6.3 
0.78 
100 max 

Class At Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ............................. . 
Plate Voltage .................................. . 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.2 Voltage ............................... . 
Cathode Current ................................. . 
Plate Dissipation ............................... .. 
Grid-No.2 Input ........... , .............. . 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ........................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .................... . 
For cathode-bias operation .................. . 

• Grid No.2 to Grid No.1 

Refer to chart at end of section. 

Triode Unit 
550 
300 

15 
1 

100 

o 
70 

2500 
3.5 

1 
2 

50BMS/ 
UCLS2 

50 
0.1 

±200 max 

Pentode Unit 
900 
600 
550 
300 

50 
7 

1.8 

200 
200 

-16 
9.5· 

0.02 
6400 

35 
7 

1 
2 

volts 
ampere 

volt. 

volts 
volts 
volts 
volts 

mA 
watts 
watts 

volts 
volts 
volts 

megohm 
/Lmhos 

mA 
mA 

megohm 
megohms 

6BN4 

6BN4A ~
H4 sP 

H K 
3 ___ I> MEDIUM-MU TRIODE lBN4A,3BN4A 

2 7 
G G 

I 
K 

7EG 

Miniature type used as rf amplifier tube in grid-drive 
circuits of vhf color and black-and-white television 
tuners. Outlines section, 5C; requires miniature 7-con
tact socket. Types 2BN4A and 3BN4A are identical 
with type 6BN4A except for heater ratings. 
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2BN4A 
2.36 

SBN4A 

0.6 
Heat Voltage (ae/de) ..................... . 
Heater Current .................•.......... 

3 
0.46 

volts 

Heater Warm-up Time (Average) ......... . 
Peak Heater-Cathode Voltage ............ . 

11 
±l00max 

11 
±100max 

ampere 
seconds 

±100 max volts 
Direct Interelectrode Capaeitances (ApproL):* 

Grid to Plate ............................................. . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and H!!&ter ............................... . 

* With external shield connected to cathode. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ............................................•.•••• 
Grid Voltage. Positive-bias value .............................•.• 
Cathode Current ............................................... . 
Plate Dissipaation ............................................. . 
CHARACTERISTICS 
Plate-Supply Voltage .......................................... . 
Catbode-Bias Resistor ......................................... . 
Amplification Factor .......................................... . 

~~~~~:..".."!, {~~~~~:) .. :::::::::::::::::::::::::::::::::::::: 
Plate Current ...............................................•.. 
Grid Voltage (Approx.) for plate eurrent of 100 /LA ..........••. 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistanee 

1.2 
3.2 
1.4 

276 
o 

22 
2.2 

150 
220 
43 

5400 
7700 

9 
-6 

0.6 

pF 
pF 
pF 

volts 
volts 

mA 
watts 

volts 
ohms 

ohms 
/Lmhos 

mA 
voits 

megohm 

6BN6 Refer to chart at end of section. 

6BN6/6KS6 
3BN'. 4BN6 BEAM TUBE 

Miniature type used as combined limiter, discriminator, 
and audio~voltage amplifier in intercarrier television 
and FM receivers. Outlines section, 5D; requires mini
ature 7-contact socket. Types 3BN6 and 4BN6 are iden
tical with type 6BN6/6KS6 except for heater ratings. 

Healer Voltage (ae/de) ...... . 
Heater Current .............. . 
Heater Warm-up Time (Aver-

age) ...................... . 
Heater-Cathode Voltage: 

SBNS 
3.15 
0.6 

11 

4BN6 
4.2 

0.45 

11 

6BN6,6KS6 
6.3 
0.3 

Peak value ................ ±200 max ±200 max ±200 max 
A"erage 'value ............ 100 max 100 max 100 max 

Dh'eet Intereleetrode Capaeitanees: 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield ..........................................•. 
Grid No.3 to Cathode. Heater. Grid No.1. Grid No.2. and 

Internal Shield .......................................... . 
Grid No.1 to Grid No.3 ................................... . 

Limiter and Discriminator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate-Supply Voltage .......................................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage. Positive peak value .........................• 
Cathode Current .............................•.................• 

~ 
.. ~~ 

H 3 ___ 61'3 

G 2 7 " 

KI 
IS 

7DF 
UBN6 

12.6 
0.16 

±200max 
100 max 

4.2 

3.3 
0.004 max 

330 
110 

60 
13 

volts 
ampere 

seconds 

volts 
volts 

pF 

pF 
pF 

volts 
volts 
volts 
mA 
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TWIN DIODE
HIGH-MU TWIN TRIODE 

205 
.".~ . 

6BN8 
SBNS 

9ER 

Miniature type used in color and black-and-white tele
vision receiver applications. The triode unit is used in 
burst-amplifier, af amplifier, and low-frequency oscil
lator applications. The diode units are used in phase
detector, ratio-detector or discriminator, and horizon
tal afc discriminator circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 8BN8 is 
identical with type 6BN8 except for heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current ................................. . 
Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances: 

6BNS 
6.3 
0.6 
11 

±200max 
100 max 

Triode Grid to Triode Plate ............................... . 
Triode Grid to Cathode and Heater ......................... . 
Triode Plate to Cathode and Heater ....................... . 
Plate of Diode Unit No.1 to Triode Grid ................... . 
Plate of Diode Unit No.2 to Triode Grid ................... . 
Plate of Diode Unit No.1 to Plate of Diode Unit No.2 ..... . 
DiGde Cathode to All Other Electrodes (Each Diode Unit) ... . 
Diode Plate to Diode Cathode and Heater (Each Diode Unit) .. 
Diode Cathode to Diode Plate and Heater (Each Diode Unit) .. 
Diode Plate to All Other Electrodes (Each Diode Unit) ..... . 

Triode Unit as Class At Amplifier 
MAX.IMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ................................ . 
Plate Dissipation ......•........................•....•.......•.•• 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid Voltage (Approx.) for plate current of 10 /lA 
MAXIMUM CIRCUIT VALUE 

100 
-1 

75 
21000 
3500 

1.5 
-2.5 

Grid-Circuit Resistance ......................................... . 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit): 

Peak ...................................................... . 
Average .....................................•............. 

1 

6 I 
_EI 
~ 

-if ~ 
-~ 

l5j 

I / 

/ / 

/ 
/ 

./ 

TYPE 6BNS 
;-1 TRIODE UNIT 

il 
7 

/ ~ 
I 

/ " / J / ;r 
...,./ ../ ./ ,/ 

o 100 200 300 400 
PLATE VOLTS 92CS-9363T 

SBNS 
S.4 volts 

0.45 ampere 
11 seconds 

±200max volts 
100 max volts 

2.5 pF 
3.6 pF 

0.25 pF 
0.06 max pF 
0.1 max pF 

0.07 max pF 
5 pF 

1.9 pF 
4.8 pF 

3 pF 

330 volts 
0 volts 

1.7 watts 

250 volts 
--3 volts 

70 
28000 ohms 

2500 /lmhos 
1.6 mA 

-5.5 volts 

1 megohm 

54 mA 
9 rnA 
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6BNll SHARP-CUTOFF 
TWIN PENTODE 

Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8B; requires duodecar 12-
contact socket. 12GF 

Heater Voltage ................................................. 6.3 volts 
ampere 
seeonds 

Heater Current ................................................ 0.8 
Heater Warm-up Time ......................................... . 
Heater-Cathode Voltage: 

Peak value '"'''''''''''''''''''''''''''''''''''''''''''''' ±200 max volts 
volts Average value .............................................. 100 max 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage .............................................. . 

330 volts 
See curve page 300 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . o volts 
Plate Dissipation ............................................... . 3.1 watts 
Grid-No.2 Input ............................................... . 0.65 watt 

CHARACTERISTICS 
Plate Voltage ................................................... 125 volts 
Grid No.3 (Suppressor Grid) .............................. Connected to cathode at socket 
Grid-No.2 Voltage .............................................. 125 volts 
Cathode-Bias Resistor ........................................... 56 ohms 
Plate Resistance (Approx.) ...................................... 0.2 megohm 
Transconductance ................................................ 13000 /Lmhos 
Plate Current ................................................... 11 mA 
Grid-No.2 Current .............................................. 3.8 mA 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA .......... -3 volts 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation 0.25 

6BQ5 For replacement use type 6BQ5/EL84. 

6BQS/EL84 
POWER PENTODE 8BQ5,lOBQ5 

Miniature type used in the output stage of audio-fre
quency amplifiers. Outlines section, 6G; requires mini
ature 9-contact socket. Types 8BQ5 and 10BQ5 are 
identical with type 6BQ5/EL84 except for hlo'at-er rat
ings. 

Heater Voltage (ac/dc) ................. . 
Heater Current ......................... . 
Heater Warm-up Time (Average) ....... . 
Heater-Cathode Voltage: 

Peak value ......................... . 
Average value ..................... . 

Direct Interelectrode Capacitances: 

6BQ5/EL84 
6.3 

0.76 

±100max 
100 max 

8BQ5 
8 

0.6 
11 

±100max 
100 max 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 
Grid No.1 to Heater ....................................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ......... . 
Cathode Current .................. ; ........................... . 

" 

9CV 
10BQ5 

10.6 
0.45 

11 

±100max 
100 max 

0.5 max 
10.8 

6.5 
0.25 max 

800 
300 

o 
65 

megohm 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 

volts 
volts 
volts 

mA 
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Plate Dissipation .. 
Grid No.2 Input .. 

TYPICAL OPERATION 
Plate Voltage ....... . 
Grid-No.2 Voltage .. . .... 
Grid-No.1 (Control-Grid) Voltage 
Peak AF Grid No.1 Voltage 
Zero-Signal Plate Current ..... 
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 
Plate Resistance (Approx.) 
Transconductance 
Load Resistance ..... 
Total Harmonic Distortion ..... 
Maximum-Signal Power Output ......... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.-Circuit Resistance: 

For fixed-bias operation . 
For cathode-bias operation 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage .... 
Grid-No.2 Supply Voltage 
Cathode-Bias Resistor 
Peak AF Grid-No.1-to-Grid-No.1 Voltage 
Zero-Signal Plate Current 
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current .... 
Maximum-Signal Grid-No.2 Current 
Effective Load Resistance (Plate-to-plate) 
Total Harmonic Distortion ................... . 
Maximum-Signal Power Output 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-hias operation 

Refer to chart at end of section. 

250 
250 
130 
22.6 

62 
75 
7 

15 
8000 

3 
11 

207 

12 watts 
2 watts 

250 volts 
250 volts 

-7.3 volts 
6.2 volts 
48 mA 

50.6 mA 
5.5 mA 
10 mA 

38000 ohms 
11300 I'mhos 

4500 ohms 
10 per cent 

5.7 watts 

0.3 megohm 
1 megohm 

300 volts 
300 volts 
130 ohms 
28.3 volts 

72 mA 
92 mA 
8 rnA 

22 mA 
8000 ohms 

4 per cent 
17 watts 

0.3 megohm 
1 megohm 

6BQ6GT 

NH~2 ": ;;:" 7 H 
BEAM POWER TUBE 

6BQ6GTB 
16CU6 

12BQ6GTB/12CU6, 
25BQ6GTB/25CU6 

Glass octal type used as horizontal-deflection amplifier 
N~ 8 K in color and black-and-white television receivers. Out-

G3 lines section, 14D; requires octal socket. This type may 
GAM be supplied with pin No.1 omitted. Types 12BQ6GTB/ 

12CU6 and 25BQ6GTB/25CU6 are identical with type 6BQ6GTB/6CU6 ex
cept for heater ratings. 

Heater Voltage (acldc) 
Heater Current ................ . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

6BQ6GTB/ 
6CU6 

6.3 
1.2 

12BQ6GTB/ 
12CU6 
12.6 

0.6 
11 

Peak value .. ±200 max ±200 max 
Average value .. .. . 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .. . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

25BQ6GTB/ 
25CU6 

25 volts 
0.3 ampere 

seconds 

±200 max volts 
100 max volts 

0.6 vF 
15 pF 

7 pF 
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Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage ................................ . 
Grid-No.2 Voltage ........................... . 
Grid-No.1 Voltage ........................... . 
Mu-Factor. Grid No.2 to Grid No.1 ........... . 
Plate Resistance (Approx.) .................. . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate mA = 1 . 

60 
150 

o 

260· 
26· 

150 
150 

-22.5 
4.3 

250 
150 

-22.5 

14500 
5900 

57 
2.1 

-43 
• These values can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

recurl'ent waveform such 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voitage ............................................. . 
Peak Positive-Pulse Plate Voltage'" (Absolute Maximum) ....... " 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2" (Screen-Grid) Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... . 
Peak Cathode Current .......................... , .............. . 
Ave1·age Cathode Current ...................................... . 
Plate Dissipation- ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ............................ . 

MAXIMUM CIRCUIT VALUE 

600 
6000t 
1250 
200 
300 
400 
110 
11 

2.6 
220 

volts 
volts 
volta 

ohmli 
"mhos 

mA 
mA 

volta 
that the 

volta 
volts 
volta 
volts 
volta 
mA 
rnA 

watts 
watts 

·C 

Grid-No.l-Circuit Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 7 megohm 
if Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t Under no circumstances should this absolute value be exceeded • 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6BQ7 For replacement use type 6BQ7A/6BZ7/6BS8. 

6BQ7A For replacement use type 6BQ7A/6BZ7/6BS8. 

6BQ7A/ 
6BZ7/ 
6B58 

4BQ7A/4BZ7, 
5BQ7A MEDIUM-MU TWIN TRIODE 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re
quires miniature 9-contact socket. For typical opera
tion as a resistance-coupled amplifier, refer to Resist
ance-Coupled Amplifier section. Types 4BQ7A/4BZ7 
and .5BQ7A are identical with type 6BQ7A/6BZ7/6BS8 
except for heater ratings. 9AJ 

4BQ7A/ 
4BZ7 
4.2 

6BQ7A/6BZ7! 
5BQ7A 6BS8 

Heater Voltage (ac/de) .................... . 
Heater Current ............................ . 0.6 

6.6 6.8 
0.46 0.4 

HeAter Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

Peak value ............................ . 
Average value ......................... . 

11 11 

±200*max ±200*max ±200*max 
100 max 100 max 100 max 

volts 
ampere 
seconds 

volts 
volta 
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Direct Interelectrode Capacitances:' 
Grid to Plate ................................. . 
Grid to Cathode, Heater, and Internal Shield ... . 

Unit No.1 
1.2 
2.6 

Unit No.2 
1.2 

Cathode to Grid, Heater, and Internal Shield ... . 
Plate" to Cathode, Heater, and Internal Shield .. 1.2 
Plate to Grid, Heater, and Internal Shield ..... . 
Plate to Cathode .............................. 0.12 
Heater to Cathode ............................. 2.6 
Plate of Unit No.1 to Plate of Unit No.2 ................. . 
Plate of Unit No.2 to Plate and Grid of Unit No.1 ........ . 

6 

2.2 
0.12 
2.6 

0.010 max 
0.024 max 

209 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

• Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode . 
• With external shield connected to internal shield. 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Center Values) 
Plate Supply Voltage ........................................... . 
Cathode Current ................................................ . 
Plate Dissipation ............................................... . 

CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Cathode-Bias Resistor ........................................... . 
Amplification Factor ............................... " ............ . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.): 

For plate current of 100 /LA ................................. . 
For plate current of 10 /LA ..............•..............•••.•• 

MAXIMUM CIRCUIT VALUE 

260· 
20 

2 

160 
220 

38 
5900 
6400 

9 

-6.6 

volts 
mA 

watts 

volts 
ohms 

ohms 
/Lmh08 

"mA 

volts 
volts 

Grid-Circuit Resistance .......................................... 0.5 megohm 
• Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

9CB 

TYPE 6BQ7A 
FOR EACH UNIT 

600 
92CS-753&TI 

HALF-WAVE 
VACUUM RECTIFIER 

6BR3/ 
6RK19 

17BR3/17RK19 
Miniature type used as damper tube in horizontal
deflection circuits of television receivers. Outlines sec
tion, 7D; requires miniature 9-contact socket. Type 
17BR3/17RK19 is identical with type 6BR3/6RK19 ex
cept for heater ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current ................................... . 

6BR31 
6RKI9 

6.3 
1.2 

17BR31 
17RKI9 

16.8 
0.46 

11 

volts 
ampere 
seconds Heater Warm-up Time ........................... . 
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Damper Service 
For operation in a 52S-line, 30-frame _,._tem 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................. . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation ............. ...... . ........................ . 
Heater-Cathode Voltage: 

Peak value .................................... +300 
Average value ................................ +100 

Bulb Temperature (At hottest point) ........................... . 

5500 volts 
1200 IDA 
200 IDA 
6.11 watts 

-5600 volts 
-900 volts 

180 ·C 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 260 mA ................ 19 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

68R8 Refer to chart at end of section. 
For replacement use type 6BRSA/6FVSA. 

68R8A For replacement use type 6BRSA/6FVSA. 

6BR8A/ 
6FV8A 

5BR8/5FV8 

MEDIUM-MU TRIODE~ 
SHAR~CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. Especially useful as com
bined triode oscillator and pentode mixer in vhf tele
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. Except for basing arrangement and 
grid-No.1-to-plate capacitance of pentode unit, types 
5BRS/5FVS and 6BRSA/6FVSA are identical with 
types 5US and 6USA, respectively. 

6853 

6BS3A 
12BS3A{ 

12DW4A, 17BS3A 
17BS3A/I7DW4A 

Refer to chart at end of section. 
For replacement use type 6BS3A. 

HALF-WAVE 
VACUUM RECTIFIER 

Novar type used as damper tube in horizontal-de
flection circuits of black-and-white television receivers. 

9FA 

Outlines section, 30B; requires novar 9-contact socket. 9HP 
Socket terminals 1,3, 6, and S should not be used as tie points; it is recom
mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. Types 12BS3A/12DW4A, 17BS3A, 
and 17BS3A/17DW4A are identical with type 6BS3A except for heater 
ratings. 

Heater Voltage (ac/dc) ....................... . 
Heater Current ............................... . 
Heater Warm-up Time (Average) ............. . 
Direct Intel'electrod.. Capacitances (Approx.): 

6BB3A 12BB3A/ 
12DW4A 

6.3 12.6 
1.2 0.6 

11 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode ......................................... . 

17BS3A 
17BB3A{ 
17DW4A 

16.8 
0.45 

11 

6.5 
9 

2.8 

volts 
amperes 
seconds 

pF 
pF 
pF 
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Damper Service 
For operation In a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltagell! ................................... . 5000 volts 
Peak Plate Current ............................................ . 1100 mA 
Average Plate Current ........................................ . 200 mA 
l'late Dissipation .............................................. . 6 watts 
Heater-Cathode Voltage: 

Peak value ................................... +300 
Average value ................................ +100 

-5000 volts 
-900 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 140 mA ................ 12 volts 
." Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6BQ7A/6BZ7/6BS8. 

SHARP-CUTOFF 
TWIN PENTODE 

6858 

6BU8 
3BUB/3GSB 
4BUB/4GSB 

9FG 

Miniature type used as combined sync separator, sync 
clipper, and agc amplifier tube in color and black-and
white television receivers. Outlines section, 6E; re
quires miniature 9-contact socket. Types 3BU8/3GS8 
and 4BU8/4GS8 are identical with type 6BU8 except 
for heater ratings. 

3BU8/3GS8 4BU8/4GS8 
Heater Voltage (ac/dc) ...................... 3.15 4.2 
Heater Current ............................. 0.6 0.45 
Heater Warm-up Time (Average) .......... 11 11 
Heater-Cathode Voltage: 

GBUS 
6.3 
0.3 

Peak value ............................. ±200 max ±200 max ±200 max 
Average value.......................... 100 max 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Unit) ............................. . 
Grid No.1 to All Other Eleetrodes ........................... . 
Grid No.3 to All Other Electrodes (Each Unit) .............. . 
Plate to All Other Electrodes (Each Unit) .................. . 
Grid No.3 of Unit No.1 to Grid No.3 of Unit No.2 ........... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ...................................... . 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value ......................................... . 
DC negative value .......................................... . 
DC positive value ........................................... . 

Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Negative bias value ........... . 
Cathode Current ............................................... . 
Plate Dissipation (Each Unit) .................................. . 
Grid-No.2 Input ................................................ . 

CHARACTERISTICS (With Both Units Operating) 
Plate Voltage (Each Unit) ....................... . 
Grid-No.3 Voltage (Each Unit) ................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Plate Current (Each Unit) ........................ . 
Grid-No.2 Current ................................ . 
Cathode Current ................................. . 

CHARACTERISTICS (With One Unit Operating) 
Plate Voltage .................................... . 

gai:EH ~~t:~: ':::::::::::::::::::::::::::::::: 
Grid-No.3 Transconductance ....................... . 
Grid-No.1 Transconductance ....................... . 

100 
-10 
67.5 

• 
6.5 
6.6 

100 
o 

67.5 
o 

1500 

1.9 
6 

3.6 
3 

0.015 max 

300 

50 
60 
3 

150 
50 
12 

1.1 
0.76 

100 
o 

67.6 • 
2.2 
3.3 
7.8 

100 
o 

67.5 • 
180 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volts 
volts 
volts 
volts 
mA 

watts 
watt 

volts 
volts 
volts 
volts 

mA 
mA 
mA 

volt. 
volta 
volts 
volts 

JLmhos 
JLmhos 
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Plate Current .................................... . 
Grid-No.8 Voltage (Approx.) for plate current of 

100 /LA ...................•........••..•••.... 
Grid-No.1 Voltage (Approx.) for plate current of 

100/LA ...................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.8-Circuit Resistance (Each Unit) ....................... . 
Grid-No.1-Circuit Resistance .................................... . 
• Adjusted to provide a de grid-No.1 current of 100 microamperes. 
t With plate and grid No.8 of the other unit connected to ground. 

TYPE 6BU8 WITH Eel AS VARIABLE 
GRID-No.3 VOLTS'O GRID-No.2 VOLTS·67.5 

fa PLATE AND GRID No.3 OF OTHER UNIT 

15 5 GROUNDED . ·V~0~L~T;!S..!E~:!::::.11-1 
0.. ~.tlo.1. 

~4r'--II-;tG~~~~II==t:~~=+~~ JI 
...J 

:hl--+"-¥. 
~.~~-+--t--;--~'1iT 

o 100 200 300 400 
PLATE VOLTS t2CS-9418T 

2.2 mA 

-4.5 volts 

·-2.3 volt. 

0.5 megohm 
0.5 megohm 

PLATE AND GRID 
NO.3 OF OTHER 
UNIT GROUNDED. 

92CS-9429T 

6BV8 Refer to chart at end of section. 

6BVll 
llBVll 

SHARP-CUTOFF 
TWIN PENTODE 

Duodecar type used as color demodulators in color tele
vision applications. Grid Nos. 1 and 3 may be used as 
independent control electrodes. Outlines section, 8C; 
requires duodecar 12-contact socket. Type 12BVll is 
identical with type 6BVll except for heater ratings. 

Heater Arrangement .............................. . 
Heater Voltage (ac/dc) ........................... . 

6BVll 
Series 

Heater Current ................................... . 
Heater Warm-up Time ........................... . 

6.8 
0.9 

Direct· Interelecb'ode Capacitances: 
Grid No.1 to Plate ....................................... . 
Grid No.8 to Plate ....................................... . 
Grid No.1 to Heater, Cathode, Grid No.2, Grid No.8, and 

Internal Shield '" . .. . ................................. . 
Grid No.3 to All Other Electrodes ......................... . 
Glid No.1 to Grid No.8 ................................... . 

Class Ai Ampiifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Grid-No.3 (Suppressor-Grid) Voltage: 

Positive .. bias value .................... " .................... . 
Negative-bias value ....................................... . 

Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Plate Dissipation .............................................. . 
Grid-No.3 Input ............................................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

12HB 

12BVll 
Parallel 

12.6 
0.45 
11 

0.1 
8.2 

7 
S.5 

O.OS 

300 

volts 
ampere 
seconds 

pF 
pF 

pF 
pF 
pF 

volts 

25 volts 
100 volts 
300 volts 
See curve page 800 

o 
50 
1.7 
0.1 

volt 
volts 

watts 
watt 

1 watt 
See curve page 800 
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CHARACTERISTICS 
Plate Supply Voltage 
Grid-No.3 Voltage .................. . 
Grid-No.2 Supply Voltage 
Cathode Resistor 
Plate Current ..... 
Grid-No.2 Current 
Transconductance, Grid· N~.l· 
Transconductance, Grid No.3 
Plate Resistance (Approx.) 
Grid-No.1 Voltage (Approx.) for plate 'c'';~r~~'t' '';i 75 /lA 
Grid-No.3 Voltage (Approx.) for plate current of 85 /lA 
Amplification Factor 

MAXIMUM CIRCUIT VALUES 
Gl'id~No.3-Circuit Resistance 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

150 
o 

100 
180 
3.1 
2.4 

3200 
390 
0.17 

-3.5 
-5.5 

67 

0.68 

0.22 
0.47 

213 

volts 
volt 

volts 
ohms 

rnA 
rnA 

p,mhos 
p,mhos 

megohm 
volts 
volts 

megohm 

megohm 
megohm 

For replacement use type 6CG3/6BW3/6DQ3. 6BW3 

Refer to chart at end of section. 

Refer to chart at end of section. 

SHARP-CUTOFF 
DUAL PENTODE 

6BW4 

6BW8 

6BWll 
Duodecar type used in color and black-and-white tele
vision receiver applications. Unit No. 1 is used as a 
video amplifier; unit No.2 is used in bandpass ampli
fier, burst amplifier, or sound-if or video-if applications. 
Outlines section, SB; requires duodecar 12-contact 

12HD socket. Heater: volts (ac/dc), 6.3; amperes, O.S; maxi-
mum heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
PIa te Dissipation .......... . 
Grid-No.2 Dissipation .......... . 

CHARACTERISTICS 
Plate Voltage 
Grid No.3 (Suppressor Grid) 
Grid-No.2 Voltage 
Cathode-Bias Resistor ....... . ............... . 
Plate Resistance (Approx.). . ................. . 
Transconductance ............ . ........... . 
Plate Current ...................... . 
Grid-No.2 Current ............ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 /LA ................... . ................. . 

MAXIMUM CIRCUIT VALUES 
Grid-N o.l-Circuit Resistance: 

For cathode-bias operation 

Refer to chart at end of section. 

Refer to chart at end of section. 

Unit No.1 Unit No.2 
330 330 
330 330 

See curve page 300 
o 0 
4 3.1 

0.8 0.65 

volts 
volts 

volts 
watts 
watt 

125 125 volts 
Connected to cathode at socket 
125 125 volts 

66 66 ohms 
0.12 0.2 megohm 

8500 13000 /lmhos 
22 11 rnA 

4.8 3.8 rnA 

-9.5 -3 volts 

0.25 0.26 megohm 

6BX7GT 

6BY5GA 
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6BY6 PENTAGRID AMPLIFIER 
Miniature type used as a gated amplifier in color tele" 
vision receivers. In such service, it may be used as a 
combined sync separator and sync clipper. Outlines 
section, 5Cj requires miniature 7-contact socket. 

GBYG 
Heater Voltage (ac/dc) . .................. ................... 6.3 volts 

ampere 
seconds 

volts 
volts 

Heater Current ................................................ 0.3 
Heater Warm-up Time (Average) ............................. -

Peak value ............................................. .. ±200 max 
Average value ............................................ 100 max 

Oil'ect Interelectrode Capacitances: 
Grid No.1 to Plate 
Grid No ~ to Plate ......... . 
Grid No.1 to Grid No.3 . . . . ....... . 
Grid No. 1 to All Other Electrodes 
Gr'd No.3 to All Other Electrod"" 
Plate to AI! Other Electrodes 

Class At Amplifier . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grids-No.2-and-No.4 Voltage .................................... . 
Grid-No.3 Voltage .............................................. . 
Grid-No.1 Voltage .............................................. . 
Grid-No.3-to-Plate Transconductance ............................ . 
Grid-No.1-to-Plate Transconductance ............................ . 
Plate Current ................................................ . 
Grids-No.2-and-No.4 Current _... . .............................. . 
Grid-No.3 Volts (Approx.) for plate current of 35 p.A and 

grid-No.1 volts = -,4 . 
Grid-No.1 Volts (Approx.) 'f;'~: pli..ie· ~~~~~;'i: ;'i '35' '~A' '~';d' ..... . 

grid-No.3 volts = 0 .. 

Gated Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grids-No.2-and-No.4. Voltage .................................... . 
Grids-No.2-and-No.4 Supply Voltage ............................. . 
Grid-No.3 Voltage: 

Negative-bias value ........................................ . 
Positive-bias value ......................................... . 
Positive peak value ........................................ . 

Grid-No.1 Voltage, Negative bias value .......................... . 
Plate Dissipation .............................................. . 
Grid-No.3 InJlut. ......... " ... . 
Grids-No.2-and-No.4 Input: 

For grids-No.2-and-No.4. voltages up to 165 volts ........... . 
For grids-No.2-and-No.4 voltages between 165 and 330 volts ... . 

Grid-No.1 Input ................................................ . 

CHARACTERISTICS AS SYNC SEPARATOR AND SYNC CLIPPER 
Plate Voltage .................................................. . 
Grid-No.3 Voltage .............................................. . 
Grids-No.2-and-No.4 Voltage .................................... . 
Grid-No.1 Voltage ....... " ...................................... . 
Plate Current .................................................. . 
Grids-No.2-and-No.4 Current .................................... . 
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 p.A ................................. - ... . 

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 p.A ..... __ ............. _ .. - ............. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1 or Grid-No.3-Circuit Resistance: 

For fixed-bias operation ...................... . 
For cathode .. bias operation .................................. . 

0.08 max 
0.35 max 
0.22 max 
5.4 
6.9 
7.6 

250 
100 

-2.5 
-2.5 

500 
1900 

6.5 
9 

-15 

-12 

pF 
pF 
pi" 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

p.mhos 
p.mhos 

mA 
mA 

volts 

volts 

330 volts 
See curve page 300 
330 volts 

55 
o 

27 
110 
2.3 
0.1 

volts 
volts 
volts 
volts 

watts 
watt 

1.1 watts 
See curve page 300 
0.1 watt 

10 
o 

25 
o 

1.4 
3.5 

-2.5 

-2.3 

0.5 
1 

volts 
volts 
volt. 
volts 
rnA 
rnA 

volts 

volts 

megohm 
megohm 
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o 

TYPE 6BY6 GRID-No.1 VOl.TS'-2.lS 
GRIDS-No.2 III No.4 VOl.TS·IOO 

IC2'~fSI~i'!!i 3"'y~ ~ ~1!~~8 J ,-t J I '::. ==== ==-=-"3 0 .... __ ':__ __ 0-1 

,~ 

v: 
~ 

i::-=::: - - -"'I"~ ::Z. 
GRID-No.3 VOl.TS EQ..\-

Ib 
~ 

Ib 

I 

100 200 
Pl.ATE VOl.TS 

-6 

-8 

-I~ 

300 
92CS-81~9TI 

DIODE
SHARP-CUTOFF PENTODE 

215 

6BY8 

9FN 

Miniature type used in television receiver applications. 
The pentode unit is used as an rf amplifier and the 
high-perveance diode as a limiter or detector. Outlines 
section, 6E; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ........................ . 
Heater-Cathode Voltage: 

Peak value ................. . 
Average value .............. . 

Direct Interelectrode Capacitances: 0 

Pentode Unit: 

g~i~ :~:t ~ C~~i;!,"de; ·Heatel·,G;·i<i . N~.2; . d':id· ·N~::i; ·~';d· ... 
Internal Shield . . . .. ............. . 

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

6.3 
0.6 
11 

±200 max 
100 max 

0.0035 max 

5.5 

volts 
!lmpere 
seconds 

volts 
volts 

Internal Shield ........................................... 5 

pi'" 

pF 

pF 
pF Diode Plate to All Other Electrodes ............................ 4.8-

• With external shield connected to cathode of pentode unit (pin 9), except as noted. 
- With external shield connected to ground. 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. . 
Grid-No.2 (Screen Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage ............................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ........................................ . 
Positive-bias value ......................................... . 

Plate Dissipation ........................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts. . . . ............. . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

300 volts 
o volts 

300 volts 
See curve page 300 

50 
o 
3 

volts 
volts 

watts 

0.65 watt 
See curve page 300 

Plate Supply Voltage ............................. . 100 250 volts 
Grid No.3 ........................................ . 
Grid-No.2 Supply Voltage ......................... . 
Cathode-Bias Resistor ............................. . 
Plate Resistance (Approx.) .. . .................. . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ........................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Connected to cathode at socket 
100 150 volts 
150 68 ohms 
0.5 1 megohm 

3900 5200 p.mhos 
5 10.6 mA 

2.1 4.3 mA 

-4.2 -6.5 volts 

For fixed-bias operation ..................................... . 0.25 
1 

megohm 
megohm For cathode-bias operation .................................. . 



216 RCA RECEIVING TUBE MANUAL 

Diode Unit 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ..................................... . 
Peak Plate Current ............................................. . 
Average Plate Current .......................................... . 

430 
180 

46 

volts 
mA 
mA 

6BYll Refer to chart at end of section. 

6BZ3 For replacement use type 6BE3/6BZ3. 

68Z6 
68Z6/6JH6 

3BZ6, 4BZ6, llBZI) 

SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type used in gain-controlled video if stages 
of color and black-and-white television receivers. Out
lines section, 5C; requires miniature 7-contact socket. 
Types 3BZ6, 4BZ6, and 12BZ6 are identical with type 
6BZ6 except for heater ratings. 

6HZ6 

~
H P 

4 5 

H 3 . ::: 6 G2 ---
2 7 

~ G3 
I 

GI 

7CM 

3HZ6 4BZ6 6HZ6/UH6 12BZ. 
Heater Voltage (ac/dc) ....... 3.15 4.2 6.3 12.6 volta 
Heater Current ............... 0.6 0.45 0.3 '0.16 ampere 
Heater Warm-up Time (Aver-

.age) . . . . . . . . . . . . . . . . . . . . . . . 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............... . ±200 max ±200 max ±200 max ±200 max volts 
Average value ............ 100 max 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded 
Grid No.1 to Plate .... . . . . . . . . . . . . . . . . . . . . . . 0.025 max 0.015 max pF 
Grid No.1 to Cathode. Heater. Grid No.2. Grid 

No.3. and Internal Shield .................... 7 7 pF 
Plate to Cathode. Heater. Grid No.2. Grid No.3. 

and Internal Shield .......................... 2 3 pF 
A With external shield connected to cathode. 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........................................... . 
Grid No.3 (Suppressor-Grid) Voltage. Positive value ............. . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value ........... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volta ....................... . 
For grid-No.2 voltages between 165 and 330 volta ............. . 

TYPE 6BZ6 
GRID No.3 AND INTERNAL SHIELD_ 

CONNECTED TO CATHODE AT 
SOCKET. 

GRID-No.2 VOLTS-125 0 

IJy GR1D-Nj.1 voLTS ~CI·~0.50 
r I~ -I 

~\ "\ I -1.5 
-2 

''V -. :.!£? ..,.<1 Ir2 17~5 -Iii== -I -.5 -4 
v:- -I -10 

... 
5 
IL 

5 

o 100 200 300 400 
PLATE VOLTS 92CS-8508TS 

330 volta 
o volts 

330 volts 
See curve page 300 

o volts 
2.3 watt. 

0.55 watt 
See curVe page 300 
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CHARACTERISTICS 
Plate Supply Voltage ............................................ 125 volts 
Grid No.3 .................................................. Connected to cathode at socket 
Grid-No.2 Supply Voltage ........................................ 125 volts 
Cathode-Bias Resistor ............................................ 56 ohms 
Plate Resistance (Approx.) ...................................... 0.26 megohm 

~sr;;~~~ir~:t'::: :.::::::::::::::::::::::::::::::::::::::::::: 8:~i I'm:l 
Grid-No.1 Voltage (Approx.) for transconductance of 50 I'mhos ... -19 volts 
Grid-No.1 Voltage (Approx.) for transconductance of 700 Itmhos -4.5 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Refer to chart at end of section. 
For replacement use type 6BQ7 AI 6BZ7 I 6BS8. 

Refer to chart at end of section. 
For replacement use type 6BC8/6BZ8. 

POWER TRIODE 

0.25 
1 

6Bl7 

6Bla 

6C4 

megohm 
megohm 

*45 P 

H 3 6 G 

Ie 2 7 K 

pi 

6BG 

Miniature type used as a cascode amplifier in vhf color 
local oscillator in FM and other high-frequency cir
cuits and as a class C rf amplifier. Outlines section. 
5C; requires miniature 7-contact socket. For typical 
operation as a resistance-coupled amplifier. refer to 
Resistance-Coupled Amplifier section. For additional 
curve of plate characteristics, refer to type 12AU7A. 

Heater Voltage (ae/de) ......................................... . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value .............................................. . 

Direct Intereleetrode Capacitances (Approx.) Unshielded 
Grid to Plate .................................. 1.6 
Grid to Cathode and Heater .................... 1.8 
Plate to Cathode and Heater ............. . . . . . . . 1.3 

A With external shield connected to cathode. 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage ..................... . . . . . . . . . . . . . . . 100 
Grid Voltage· ......................... . . . . . . . . . . . 0 
Amplification Factor .............................. 19.5 
Plate Resistance (Approx.) .... '. . . . . . . . . . . . . . . . . . . 6250 
rransconduetanee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3100 
Plate Current .................................... 11.8 
Grid Voltage (Approx.) for plate current of 10 itA -10 

MAXIMUM CIRCUIT VALUES 
Grid-Cireuit Resistance: 

For fixed bias operation ................................... . 
For cathode-bias operation ................................. . 

6.3 
0.15 

±200max 
100 max 

ShieldedA 
1.4 
1.8 
2.5 

300 max 
3.5 max 

250 
-8.5 

17 
7700 
2200 
10.5 

-25 

0.25 
1 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
watts 

volts 
volts 

ohms 
ILmhos 

mA 
volts 

megohm 
megohm 

• Transformer- or impedance-type input coupling devices are recommended to minimize 
resistance in the grid circuit. 

RF Power Amplifier and Oscillator-Class C Telegraphy 
MAXIMUM RATINGS (Design-Center Values) 

~!-ir v"';,r~!e .:::::::::::::::::::::::::::::::::::::::::::::::::: 
Plate Current .. : .............................................. . 

~J.!t., ~'i!":i::tio;"'::::::: ~: ::: :: :::::: : :: ::: :::: ::::: ::::: ::::::: 

300 
~50 

25 
8 
5 

volts 
volts 

mA 
rnA 

watts 



218 RCA RECEIVING TUBE MANUAL 

TYPICAL OPERATION AT FREQUENCIES UP TO 50 MHz 
Plate Voltage ................................................. 300 
Grid Voltage .................................................. -27 
Plate Current ................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Grid Current (Approx.) ........................................ 7 
Driving Power (Approx.) ...................................... 0.35 
Power Output (Approx.) 0 •••••••••••••.•••••••••••••••••••••••• 5.5 

volts 
volts 

mA 
mA 

watt 
watts 

o Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 
as an oscillator with grid resistor of 10,000 ohms and with maximum rated input. 

MHz 

6C5 Refer to chart at end of section. 

6C5GT Refer to chart at end of section. 

6C6 Refer to chart at end of section. 

6C7 Refer to chart at end of section. 

6C8G Refer to chart at end of section. 

17C9 

SHARP-CUTOFF 
DUAL TETRODE 

Miniature type used as vhf rf-amplifier and autodyne 
mixer tube. Outlines section, 6B; except center pin is 
added to base; requires miniature 10-contact socket. 
Type 17C9 is identical with type 6C9 except for heater 
ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current .................................. . 
Peak Heater-Cathode Voltage .................... . 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and 

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

In ternal Shield ............................ . 
Heater to Cathode .. .. . . . . . . . . . ......... . 
Plate of Unit No.1 to Plate of Unit No.2 ..... . 
Grid No.1 of Unit No.1 to Grid No.1 of Unit No.2 
Grid No.1 of Unit No.1 to Plate of Unit No.2 .. 
Grid No.1 of Unite No.2 to Plate of Unit No.1 .. 

6C9 17C9 
6.3 16.8 
0.4 0.15 

±100 max ±100 max 
Unit No.1 Unit No.2 

0.055 max 0.06 max 

4.4 4.2 

2.2 2.2 
4.2 4.8 

0.003 max 
0.001 max 
0.001 max 
0.032 max 

volts 
ampere 

volts 

pF 

pF 

pF 
pF 
pF 
pF 
pF 
pF 
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Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................ . 
Cathode Current ....... _ ............................... _ .... . 
Plate Dissipation: 

Either plate ............................................... . 
Both plates (both units operating) ......................... . 

Grid-No.2 Input: 
For grid-No.2 voltages liP to 90 volts ...................... . 
For grid-No.2 voltages between 90 and 180 volts ............ . 

CHARACTERISTICS 
Plate Voltage .............................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ........................... _ ................. . 
Plate Resistance (Approx.) ................................... . 
Transconductance ........... , .................................. , 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A 

Refer to chart at end of section. 

FULL-WAVE 
VACUUM RECTIFIER 

219 

260 volts 
180 volts 
See curve page 300 

20 mA 

1.5 
2.6 

watts 
watts 

0.5 watt 
See curve page 300 

126 
80 

-1 
0.1 

8000 
10 

1.6 
-6 

6Cl0 

volts 
volts 
volt 

megohm 
p.mhos 

mA 
mA 

volts 

6CA4 

9M 

Miniature type used in power supply of compact audio 
equipment having moderate dc requirements. Outlines 
section, 6G; requires miniature 9-contact socket; This 
tube, like other power-handling tubes, should be ade
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ................................... . 
Peak Plate Current (Per Plate) ............................... . 
AC Plate Supply Voltage (Per Plate, rms) with Capacitor Input 

to Filter .................................................. . 
Average Output Curl'ent ...................................... . 
Hot Switching Transient Plate CUl'l"ent (Per Plate) ............. . 
Peak Heater-Cathode Voltage .................................. . 

0 

0 

OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUI1 CAP'-CITOR INPUT TO FILTER 

T~PE f>~A4 I Ef'=~" V~LTS I 
I 

t- SUPPLY FREQUENCY (CPs) •• o I CAPACITOR INPUT TO rlL TER I ~O,.,.~ 

- TOTAL EFFECTIV~~~:;~ -:~P:Li' ~"PEOANC[ -
PER PLATE OHMS ISO 2002040 

~ ~l"S:-- C 
~~-::..!!~~~ o _ 

A 

0 

0 

o SO 100 ISO 200 
DC LOAD MILLIAMPERES 

1000 
450 

360 
160 

# 
-600 

volts 
mA 

volts 
mA 

volts 
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms) ..... . 
Filter-Input Capacitor ........................ . 
Total Effective Plate Supply Impedance 

per Plate ................................ . 
DC Output Voltage at Input to Filter (Approx.) 

For dc output current of 150 mA ......... . 

500 
50 

150 

245 

600 
50 

200 

293 

700 
50 

240 

347 

volts 
p.F 

ohms 

volts 
#: When capacitor-input circuits are used. a maximum peak current value per plate of 
ampere during the initial cycles of the hot-switching transient should not be exceeded. 

6CAS 
BEAM POWER TUBE UCA5 

Miniature type used in af power output stage of radio 
and television receivers. Outlines section, 5D; requires 
miniature 7-contact socket. Type 12CA5 is identical 
with type 6CA5 except for heater ratings. 

Heater Voltage (ac/de) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 

&CA5 
6.3 
1.2 

12CA5 
12.6 

0.6 
11 

Heater-Cathode Voltage: 
Peak value ........................... . 
Average value ........................ . 

±200max 
100 max 

+200 -300 max 
+100 -200 max 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ...............................................••. 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ..........•• 
Plate Dissipation .............................................. . 
Grid-No.2 Input .........................................•...... 
Bulb Temperature (At hottest point) .......................... .. 
TYPICAL OPERATION 
Plate Voltage .................................. .. 
Grid-No.2 Voltage ...............................•. 
Grid-No.1 (Control-Grid) Voltage .................• 
Peak AF Grid-No.1 Voltage ..................... . 
Zero-Signal Plate Current .......................•. 
Maximum-Signal Plate Current .................••• 
Zero-Signal Grid-No.2 Current (Approx.) .........• 
Maximum-Signal Grid-No.2 Current (Approx.) .... . 
Plate Resistance (Approx.) ...................... .. 
Transconductance ............................... .. 
Load Resistance ................................ .. 
Total Harmonic Distortion ..................... .. 
Maximum-Signal Power Output ..............•••. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

110 
110 
-4 

4 
32 
31 

3.5 
7.5 

16000 
8100 
3500 

5 
1.1 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

130 
180 

o 
6 

1.4 
180 

125 
125 

-4.5 
4.6 
37 
36 

4 
11 

15000 
9200 
4500 

6 
1.5 

0.1 
0.1i 

6CA7 Refer to chart at end of section. 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 
volts 

watts 
watts 

·C 

volts 
volts 
volts 
volts 
rnA 
rnA 
rnA 
mA 

ohms 
p.mhos 

ohms 
per cent 

watts 

megohm 
megohm 

6CA7/ 
EL34 POWER PENTODE 

Glass octal types used in the output stage of .. · audio
frequency amplifiers. Maximum dimensions: over-all 
length, 4%6 inches; seated height, 3% inches; diameter, 
1 ¥.is inches. Tube requires octal socket. 

P~': ,,;" . ~ 
H 2 7 H 

I 8 

Heater Voltage (ac/dc) ......................................•• 
Heater Current ........................ ; ...................... . 
Peak Heater-Cathode Voltage .................................. . 

G3 I< 

BET 
6.3 
1.5 

±200 max 

volts 
amperes 

volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .......................................• 
Grid No.1 to Cathode, Heater, Grid No.2, and ,Grid No.3 ...• 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Gdd) Voltage ............................... . 
Grid-No.2 Input ............................................... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................. . 

TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage .............................. . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Zero-Signal Grid-No.2 Current ................................. . 
Transconductance .............................................. . 
Plate Resistance .............................................. . 
Load Resistance ., ............................................. . 
Maximum-Signal Power Output ............................... . 
Total Harmonic Distortion ..................................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation ......... . 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Class At Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ........................................•. 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Grid-No.2 Resistor ............................................. . 
Peak AF Grid-No.1 to Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ........................... . 
Effective Load Resistance (Plate-to-plate) ..................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 

Refer to chart at end of section. 

BEAM POWER TU BE 

1 
15.5 

7.2 

SOO 
425 

S 
150 
25 

265 
250 

-13.5 
12.3 
100 

15 
11000 
15000 

2000 
11 
10 

0.7 

450 
450 
232 

1000 
3S.2 
120 
143 

20 
44 

6500 
5.1 
40 

6C85 

221 

pF 
pF 
pF 

volts 
volts 

watts 
mA 

watts 

volts 
volts 
volts 
volts 

mA 
mA 

pmhos 
ohms 
ohms 
watt. 

per cent 

megohm 

volts 
volts 
ohms 
ohms 
volts 

mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

6CB5A 

aGD 

Glass octal type used as horizontal-deflection ampli
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 

Heater Voltage (ac/dc) ...................................•..•. 
Heater Current .... , ....•..•.•.•....•..••..••••••••••••••..•.. " 
Heater-Cathode Voltage: 

Peak value ............................................... , 
Average value ., ......... , .. , ........ , ..................... . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .......... , ............................. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage ....... , ........ , .. , ................ . 
Gdd-No.2 Voltage .,.,.,., .... , .................. . 
Grid-No.1 Voltage ,." .. , .... ,., .. ' ... , .......... . 

75 
150 

o 

6.3 
2.5 

±200max 
100 max 

0.4 
22 
10 

175 
175 

-30 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
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Xu-Factor, Grid No.2 to Grid No.1 ................ 3.8 
Plate Resistance (Approx.) ........................ 5000 ohms 
Transconductance .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. 8800 "mhos 
Plate Current ................... :................ 460- 90 mA 
Grid-No.2 Current ................................ 42- 6 mA 
Grid-No.1 Voltage (Approx.) for plate current of 1 mA -60 volts 
- These values can be measured by a method involving a recurrent waveform Buch that the 
maximum rating of the tube will not be exceeded. 

Horizontal-Deflection Ampl ifier 
For operation in a US-Une, ao-frame .ystem 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Voltaire .............................................. . 
Peak Positive-Pulse Plate Voltage# ...........................• 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 (Screen-Grid) Voltage ... ' ........................ . 
DC Grid-No.1 (Control-Grid) Voltage ........... ; ............. . 
Peak Negative-Pulse Grid-No.1 Voltage .................. ,' ..... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipationt ., ........... ' ............................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

880 
6800 
1650 

220 
-66 

220 
860 
240 

4 
26 

220 

volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts ·c 

Grid-No.1-Circuit Resistance ' , , ..................... " . . . . . . . . . 0.47 megohm 
"Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6CB6 Refer to chart at end of section. 
For replacement use type 6CB6A/6CF6. 

6CB6A For replacement use type 6CB6A/6CF6. 

6CB6A/ 
6CF6 

3C86/3CF6,4C86 

SHARP-CUTOFF PENTODE 

Miniature types used in color and black-and-white tele
vision receivers as if amplifier at frequencies up to 
about 45 MHz and as rf amplifiers in vhf television 
tuners. Outlines section, 5C; requires miniature 7-con

*H P 
4 5 

H 3' _, _..: 6 G2 ---
2 7 

K G3 
I IS 

GI 

7CM 

tact socket. For typical operation as resistance-coupled amplifiers, refer 
to Resistance-Coupled Amplifier section. Types 3CB6/3CF6, and 4CB6 are 
identical with type 6CB6A/6CF6 except for heater ratings. 

3CB6/3CF6 
Heeter Voltage (ac/de) .................. 8.16 
Heater Current.......................... 0.6 
Heater Warm-up Time (Averase) 11 
Heater-Cathode Voltage: 

Peak value ............ .. 

Average value .......... . 

Direct Interelectrode Capacitances: 

{ +200 max 
-300 max 

100 max 

Grid No.1 to Plate ...........................• 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3. 

and Internal Shield ....................... . 
.. With external shield connected to cathode. 

Class A.. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

'CB6 6CB6A/6CF6 
4.2 6.3 

0.46 0.8 
11 11 

i +200 max 
-300 max ±200 max 
+100 max 100 max 
-200 max 
Unahielded Shielded" 
0.025 max 0.015 max 

6.6 6.6 

II 8 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

)IF 

Plate Voltage ................................................. . 330 volts 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............ . 
Grid-No.2 (Screen-Grid) Voltase .............................. .. 

o volts 
,See curve page 300 
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Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ..... . ......................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ........ . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

~~rje ~~.)pIY Voltage .. :::::::::::::::::::::::::::::::: .. 'C~;';'~~ted 
Grid-No.2 Supply Voltage . . . . . . . . . . . ........... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ......... .. . .............................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A 
Grid-No.1 Voltage (Approx.) for plate current of 2.8 mA 

TYPE 6CB6A 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID- No.2 VOLTS-125 

I GRID-No.1 VOLTS EClaO-

\ r -
I. Ib -0.5 
Ir 

-1-

-1.5 -
I ' ... 1-- I~. ECI"O -2 

- .5 -=3 
~4 

o 100 200 300 400 

330 
o 

2.3 

223 

volts 
volts 

watts 

0.55 watt 
See curve page 300 

125 
to cathode 

125 
56 

0.28 
8000 

13 
3.7 

-6.5 
-3 

volts 
at socket 

volts 
ohms 

megohm 
p.mhos 

mA 
mA 

volts 
volts 

PLATE VOLTS 92CS-gee4Tl 

For replacement use type 6CE3/6CD3/6DT3. 

Refer to chart at end of section. 

BEAM POWER TUBE 

6CD3 

6CD6G 

6CD6GA 
25CD6GB 

SST 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of color and black
and-white television receivers. Outlines section. 21B; 
requires octal socket. This type may be supplied with 
pins 1, 4, and 6 omitted. Vertical tube mounting is pre
ferred, but horizontal operation is permissible if pins 
No.2 and 7 are in vertical plane. Type 25CD6GB is 
identical with type 6CD6GA except for heater ratings. 

Heater Voltage (ac/dc) ........................ . 
Heater Current . . ......... , ... . 
Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

Peak value 
Average value ..... . 

Direct Interelectrode Capacitances (Approx.): 

6CD6GA 
6.3 
2.5 

:±:200 max 
100 max 

Grid No.1 to Plate .' . . . . . . . . ................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Voltage ........... . 
Grid-No.1 (Control-Grid) Voltage ............ . 
Mu-Faetor, Grid No.2 to Grid No.1 ......... . 

60 
100 

o 

25CD6GB 
25 

0.6 
11 

±200 max 
100 max 

1.1 
22 
8.5 

175 
175 

-30 
3.9 

volts 
amperes 
seconds 

volt. 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
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Plate Resistance (Approx.) ....................... . 
Tr .. nsconductance ................................. . 
PI .. te Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Volt .. ge (Approx.) for plate current of 

230-
21-

7200 
7700 

5.5 
6.6 

ohms 
pmhos 

mA 
mA 

1 mA ........................................ -55 volts 
• This v .. lue ce.n bemeuured by .. method involving .. recurrent w .. veform such the.t the 
me.ximum n.tings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For oper .. tion in .. 5Z5-line. 30-fr .. me system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................. , ............... . 
Pee.k Positive-Pulse Plate Voltege# (Absolute Me.ximum) ....... . 
Pee.k Neg .. tive-Pulse Plate Voltlllte ............................. . 
DC Grid-No.2 (Scl-een-Grid) Volte.ge ........................... . 
Pee.k Neg .. tive-Pulse Grid-:No.l Voltege ....................... . 
Pee.k C .. thode Current ......................................... . 
Aver .. ge C .. thode Current ...................................... . 

~~~N~~il!~~:t .:::::::::::::::::::::::::::::::::::::::::::::: 
Bulb Temper .. ture (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

700 
7000· 
1500 

175 
700 
200 

-200 
20 

3 
225 

volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts . 
watts 

·C 

Grid-No.-Circuit Resistance, for grid-resistor-biu oper .. tion ..... 0 .• 7 megohm 
'" Pulse dun.tion must not exceed 15% of a horizontal scanning cYcle (10 microseconds) • 
• Under no circumstances should this absolute v .. lue be exceeded. 
t A bi... resistor or other means is required to protect the tube in .. bsence of excitetion. 

Refer to chart at end of section. 6eE3 For replacement use type 6CE3/6CD3/6DT3. 

6CE3/ 
6CD3/6DT3 

34CE3 

HALF-WAVE 
VACUUM RECTIFIER 

Duodecar type used as a damper diode in the horizontal
deflection circuit of color television receivers. Outlines 
section, 8G; requires duodecar 12-contact socket. Type 
34CE3 is identical with type 6CE3/6CD3/6DT3 except 
for heater ratings. 

Hee.ter Voltage (""Ide) ............................. . 
Hee.ter Current ..................................... . 
Hee.ter We.rm-up Time (Avere.ge) ................... . 
Direct Interelectrode Cape.citances: 

6CES/ 
6CD3/6DT3 

6.3 
2.5 

Plate to Cathode .. nd Hee.ter ............................... . 
C .. thode to Plate and Hee.ter .............................. .. 
Hee.ter to C .. thode ........................................ .. 

12GK 

UCE3 
34.5 
6.45 

11 

13 
18 
5.5 

volts 
ILJDperes 
seconds 

pF 
pF 
pF 
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Damper Service 
For operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................. 5000 
Peak Plate Current ............................................ 1600 
Average Plate Current ......................................... 350 
Plate Dissipation ............................................... 11 
Bulb Temperature (At hottest point) ............................ 220 
Heater-Cathode Voltage 

Peak value ................................... +300 -5500 
Average value ................................ +100 -900 

CHARACTERISTIC, Instantaneous Value 

225 

volts 
mA 
mA 

watts 
·C 

volts 
volt. 

Tube Voltage Drop for plate current of 680 mA .................. 20 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6CE5 

6CF6 

6CG3 

6CG3/6BW3 

Refer to chart at end of section. 
For replacement use type 6BC5/6CE5. 

Refer to chart at end of section. 
For replacement use type 6CB6A/6CF6. 

For replacement use type 6CG3/6BW3/6DQ3. 

For replacement use type 6CG3/6BW3/6DQ3. 

HALF-WAVE 
VACUUM RECTIFIER 

6CG3/ 
6BW3/ 
6DQ3 

12FX 

19CG3/19DQ3, 25CG3 
Duodecar type used as damper diode in horizontal
deflection circuits of color and black-and-white tele
vision receivers. Outlines section, 8G, requires duodecar 
12-contact socket. Types 19CG3/19DQ3 and 25CG3 are 
identical with type 6CG3 except for heater ratings. 

6CG31 
6BWS/6DQS 

Heater Voltsge (acldc) ..................... 6.S 
Heater Current ............................. 1.8 
Heater Warm-up Time .................... . 

Damper Service 

19CGSI 
19DQS 

19 
0.6 
11 

Fur operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................... , .................. . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Heater-Cathode Voltage: 

Peak value ...................................... +300 
Average value ................................... +100 

CHARACTERISTIC, Instantaneous Value 

25CG3 
25 

0.45 
11 

5000 
2100 
350 
6.5 

-5000 
-900 

volts 
amperes 
seconds 

volts 
mA 
mA 

watts 

volts 
volts 

rube Voltage Drop for plate current of 700 mA .................. 25 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6CG3/6BW3/6DQ3. 

For replacement use type 6FQ/6CG7. 

Refer to chart at end of section. 

6CG3j6CD3 

6CG7 

6CG8 
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6CG8A 
5008 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. 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 high-gain 

H 

9GF 
pentode mixer; in the FM section, the pentode unit is used either as a pen
tode lJlixer or as a triode-connected mixer depending on signal-to-noise 
considerations. Outlines section, 6B; requires miniature 9-contact socket. 
Type 5CG8 is identical with type 6CG8A except for heater ratings. These 
types are elflctrically identical with miniature type 6X8 except for inter
electrode capacitances. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................... . 
Grid to Cathode, Heater, and Pentode Grid No.3 
Plate to Cathode, Heater, and Pentode Grid No.8 

Pentode Unit: 
Grid No.1 to Plate ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and 

Grid No.3 ................................. . 
Plate to Cathode, Heater, Glid No.2, and 

Grid No.3 ................................. . 
Pentode Grid No.1 to Triode Plate ............. . 
Pentode Plate to Triode Plate ................. . 
Heater to Cathode ............................. . 

o With external shield connected to cathode, except as
• With external shield connected to plate. 

5CGS 
4.7 
0.6 
11 

±200max 
100 max 

Unshielded 

1.5 
2 

0.5 

0.04 max 

4.6 

0.9 
0.05 max 
0.05 max 
6.5 

noted • 

6CG8A 
6.S 

0.45 
11 

±200max 
100 max 

Shielded" 

1.5 
2.4 

1 

0.02 max 

4.8 

1.6 
0.04 max 

0.008 max 
6.5' 

6CH3 

6CH8 

6CJ3 

For replacement use type 6CJ3/6CH3. 

Refer to chart at end of section. 

For replacement use type 6CJ3/6CH3. 

6CJ3/6CH3 
HALF-WAVE 

VACUUM RECTIFIER 

Novar type used as damper tube in horizontal-deflection 
circuits of black-and-white television receivers. Out
lines section, 30F; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not be used as 
tie points. This tube, like other power-handling tubes, 
should be adequately ventilated. Heater: volts (ac/dc), 
6.3; amperes, 1.8. 

Damper Service 
For operation In a 52I1-Une, 3D-frame 8711telll 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ...........................................•.• 
Average Plate Current ......................................... . 
Plate Dissipation ......................•......................•.. 
Heater-Cathode Voltage: 

Peak value....................................... +300 
Average value .................................... +100 

5500 
2100 

350 
6.& 

-5&00 
-900 

9HP 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

volta 
mA 
mA 

watts 

volts 
volta 
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CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 700 mA 25 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6CL3/6CK3. 

Refer to chart at end of section. 

For replacement use type 6CL3/6CK3. 

HALF-WAVE 
VACUUM RE,CTIFIER 

6CK3 

6CK4 

6CL3 

6CL3/6CK3 
llCL3 

9HP 

N ovar type used as a damper tube in horizontal-de
flection circuits of color and black-and-white tele
vision receivers. O~tlines section, 30B; requires novar 
9-contact socket. S<i>cket terminals 1, 3, 6, and 8 should 
not be used as tie ipoints. This tube, like other power
handling tubes, should be adequately ventilated. Type 
12CL3 is identical with type 6CL3/6CK3 except for 
heater ratings. 

Heater Voltage (ac/dc) . . ........................ . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Direct Interelectrode Capacitances : 

6CL3/6CK3 
6.3 
1.2 

Plate to Cathode and Heater .... , .......................... . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode .......................................... . 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltsge# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current .......................................... . 
Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
Heater-Cathode Voltage: 

Peak value .................................... +300 
Average value................................. +100 

CHARACTERISTICS, Instantaneous Value 

12CL3 
12.6 volts 
0.6 amperes 
11 seconds 

6.5 pF 
9 pF 
3 pF 

5500 volts 
1300 mA 
250 mA 
8.5 watts 
220 ·C 

-5000 volts 
-900 volts 

Tube Voltage Drop for plate current of 350 mA .................. 16 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

POWER PENTODE 6CL6 

9BV 

Miniature type used in output stage of video amplifier 
of color and black-and-white television receivers and 
as wide-band amplifier tube in industrial and labora
tory equipment. Outlines section, 6E; requires minia
ture 9-contact socket. 

Heater Voltage (ae/dc) ......................................... . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage ...... ' ............................ . 

6.3 volts 
0.65 ampere 

±100max volts 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2. Grid No.3. 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Grid' No.2, Grid No.3, 

and Internal Shield .................. ' ................... . 

0.12 pF 

11 pF 

5.5 pF 
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Class A. Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .............................................. ___ • 
Grid-No.3 (Suppresso .... Grid) Voltage, Positive value .........••.•• 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage ............................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ........................................ . 
Positive-bias value .......................................... . 

Plate Diasipation ............................................... . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ............................ . 

TYPICAL OPERATION 

300 
o 

300 
150 

60 
o 

'1.6 
L'I 

200 

volts 
volts 
volts 
volts 

volts 
volts 

watts 
watts 

·C 

Plate Voltage ................................................... 250 volts 
Grid No.8 .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Connected to cathode at socket 
GridcNo.2 Voltage .............................................. 150 volts 
Grid-No.1 Voltage ............................................... -3 volts 
Peak AF Grid-No.1 Voltage ...................................... 3 volts 
Zero-Signal Plate Current ...........................•......••••• 30 mA 
Maximum-Signal Plate Current ................................. 31 mA 
Zero-Signal Grid-No.Z"Current ................................•.. 'I mA 
Maximum-Signal Grid-No.2 CUrrent ............................•• '1.2 mA 
Plate .Resistance (Approx.) ...................................... 0.09 mecohm 
Transconductance ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 11000 "mhos 
Load Resistance ................................................. 7500 ohms 
Total Harmonie Distortion ....................................... 8 per cent 
Maximum-Signal Power Outnut .................................• 2.8 watts 
Grid-No.1 Voltage (AI'Prox.) for plate current of 10 "A .......... -14 volts 
TYPICAL OPERATION IN MHz-BANDWIDTH VIDEO AMPLIFIER 
Plate Supply Voltage ........................................... 300 volts 
Grid No.3 ............................................... :. Connected to cathode at socket 
Grid-No.2 Supply Voltage ........................................ 300 volts 
Grid-No.1 Bias Voltage .......................................... -2 volts 
Grid-No.1 Signal Voltage (Peak to Peak) ......................... 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................................... 'I mA 
Voltage Output (Peak to Peak) .........•.................••••• 132 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation ................................••••. 
For cathode-bias operation ............•............•.•.•••••. 

N 
u ... 

TYPE 6CL6 
GRID No. 3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT 
SOCKET. 

GRID-No. 2 VOLTS"150 

50B,.1i 

o 100 200 300 400 500 
PLATE VOLTS 'Z~S-:"02TI 

0.1 
0.1i 

6C;L8 Refer to chart at end of section. 

megohm 
megohm 
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6CL8A 

9FX 

MEDIUM·MU TRIODE
SHARP·CUTOFF TETRODE seL8A 

Miniature type used as combined vhf oscillator and 
mixer in color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. For maximum ratings as class A. amplifier, 
see type 6USA. Type 5CLSA is identical with type 
6CLSA except for heater ratings. 

5CLSA GCLSA 
Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 

4.7 6.3 volts 
0.6 0.45 ampere 

Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

11 11 seconds 

Peak value .................................. . ±200max ±200max volts 
Average value ................................ . 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded 
Triode Unit: 

Grid to Plate ................................. . 1.S 1.S pF 
Grid to Cathode. Tetrode Cathode. Heater. 

and In~nal Shield ......................... . 2.S 2.S pF 
Plate to Cathode, Tetrode Cathode. Heater. 

and Internal Shield ......................... . 1.5 2 pF 
Tetrode Unit: 

Grid No. 1 to Plate ........................... . 0.02 max 0.01 max pF 
Grid No.1 to Cathode, Heater, Grid No.2. 

and Intemal Shield ......................... . 6 5 pF 
Plate to Cathode, Heater. Grid No.2. 

and Internal Shield ........................ . 2 8 pF 
Tetrode Grid No.1 to Triode Plate .............. . 
Tetrode Plate to Triode Plate ................... . 

0.015 max 0.01 max pF 
0.15 max O.OSmax p}i' 

Heater to Cathode (Each Unit) ................. . 3 3 pF 

Class A, Amplifier 
CHARACTERISTICS Triode Unit Tetrode Unit 
Plate Supply Voltage ............................. . 
Grid-No.2 (Screen-Grid) Voltage .................. . 
Grid-No.1 Voltage ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ....•................................... 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................... .. 
For cathode-bias operation .........•.......•.•. 

HALF·WAVE 

125 

-1 
40 

0.005 
SOOO 

14 

-9 

0.5 
1 

VACUUM RECTIFIER 

125 volts 
125 volts 
-1 volt 

0.2 megohm 
6600 "mhos 

12 rnA 
.4 rnA 

-9 volts 

0.25 megohm 
1 megohm 

6CM3 

9HP 

Novar type used as damper tube in horizintal-deflection 
circuits of color and black-and-white television receiv
ers. Outline section, 30B; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, and S should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Direct lnterelectrode Capacitances: 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ................................ . 
Heater to Cathode ................................... . 

6.3 
2.4 

20 
IS 
4 

volts 
amperes 

pF 
pF 
pF 
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Damper Service 
For operation in a 525-Jlne, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Heater-Cathode Voltage: 

Peak value ....................................... +300 
Average value.................................... +100 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA ................. . 

5500 
1700 
400 

12 

-5500 
-900 

10 

volts 
mA 
mA 

watts 

volts 
volts 

volts 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

6CM6 Refer to chart at end of section. 

6CM7 
SCMf MEDIUM·MU DUAL TRIODE 

Miniature type used as combined vertical-deflection os
cillator and vertical-deflection amplifier in black-and
white television receivers. Unit No.1 is used as a 
conventional blocking oscillator in vertical-deflection 
circuits, and unit No.2 as a vertical-deflection ampli~ 
fier. Outlines section, 6E; requires miniature 9-contact 
socket. Types 8CM7 is identical with type 6CM7 except 
for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

SCM7 
6.3 
0.6 
11 

I 

PT2 

8CM7 
8.4 

0.46 
11 

9ES 

Peak value ................................... . ±200 max ±200 max 
Average value ................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ................................. . 
Grid to Cathode and Heater ................... . 
Plate to Cathode and Heater ..................• 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ..................................... . 
Ampliftca tion Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ....................................• 
Plate Current for grid voltage of -10 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 p.A . 

100 max 100 max 
Unit No.1 Unit No.2 

3.8 3 
2 3.6 

0.6 0.4 

Unit No.1 
200 
-7 

21 
10600 

2000 
6 
1 

-14 

Unit No.2 
250 
-8 

18 
4100 
4400 

20 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 625-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................. . 
Peak Positive-Pulse Plate Voltage# ................ . 
Peak Negative-Pulse Grid Voltage ................•• 
Peak Cathode Current ............................ . 
Average Cathode Current ......................... . 
Plate Dissipation ................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

660 

220 
77 
17 

l.45 

Unit No.2 
Ampliller 

650 
2200 

220 
77 
22 

6 

For ftxed-bias operation ........................ 2.2 1 
For cathode-bias operation ..................... 2.2 2.5 
For grid-resistor-bias operation ................. 2.2 

"" Pulse duration must not exceed 16% of a vertical scanning cycle (2.6 milliseconds). 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
p.mhos 

mA 
mA 

volts 

volts 
volts 
volts 
mA 
mA 

watts 

megohtns 
megohms 
megohms 



TECHNICAL DATA 231 

TYPE 6CM7 
30r--'--~~-r------------~ 

UNIT No.2 
50~~~~~~~-r--~--t-~ 

1!l40 
II: 
1&1 

~ 30 

"' ~ 20 

H 

92CS-8615T 

Refer to chart at end of section. 

TWIN OIOOE
HIGH-MU TRIODE 

TYPE 6CM7 
UNIT No.1 

12CS-8617T 

6CM8 

6CN7 
Miniature type used as combined horizontal phase de
tector and reactance tube in color and black-and-white 
television receivers. The triode unit is used in sync
separator, sync-amplifier, or audio amplifier circuits. 
Outlines section, 6B; requires miniature 9-contact 

9EN socket. For typical operation of triode unit as resist-
ance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Heater Voltage (ac/dc) : 

Series ...................................................... . 
Parallel .................................................... . 

Heater Current: 
Series ....................................................... . 
Parallel .................................................... . 

Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value ................... , .................. , ....... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................................... . 
Grid to Cathode and Heater .................................. . 
Plate to Cathode and Heater ............................... . 

Diode Units: 
Diode-No.1 Plate to Cathode of Diodes No.1 and No.2, 

Heater, and Internal Shield .............................. . 
Diode-No.2 Plate to Cathode of Diodes No.1 and No.2, 

Heater, and Internal Shield .............................. . 
Triode Grid to Either Diode Plate ............................ . 

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS {Design-Maximum Values} 
Plate Voltage .................................................. . 
Grid Voltage, Positive-bias value ................................ . 
Plate Dissipation ............................................... . 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ..................................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 

Diode Units 
MAXIMUM RATINGS {Design-Maximum Values} 

100 
-1 

70 
54000 
1300 

0.8 

Plate Current (Each Unit) ................................... . 

6.3 
3.15 

0.3 
0.6 
11 

±200 max 
100 max 

1.8 
1.5 
0.5 

3.6 

3.6 
0.006 

330 
o 

1.1 

250 
-3 

70 
58000 

1200 
1 

5.5 

volts 
volts 

ampere 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 
pF 

volts 
volts 
watt 

volts 
volts 

ohms 
JLmhos 

rnA 

rnA 
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6CQ4 

6CQ8 

Refer to chart at end of section. 
For replacement use type 6DE4/6CQ4. 

MEDIUM-MU TRIODE
SHARP-CUTOFF TETRODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The tetrode unit is used 
as a mixer, video if amplifier, or sound if amplifier G2TRI..::3~:~~r:~i\ 
tube. The triode unit is used in vhf oscillator, phase
splitter, sync-clipper, sync-separator, and rf amplifier 
circuits. Outlines section, 6B; requires miniature 9-
contact socket. 

:::::: ri~;~~~ ~~~~~~).:::::::::::::::::::::::::::::::::::::::::: 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value ............................................. . 

Direct Interelectrode Capacitances: Unshielded 
Triode Unit: 

Grid to Plate .................................. 1.8 
Grid to Cathode and Heater................... 2.7 
Plate to Cathode and Heater ................. 0.4 

Tetrode Unit: 
Grid No.1 to Plate ............................ . 0.019 max 
Grid No.1 to Cathode, Heater, Grid No.2 

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

and Internal Shield ....................... . 
Tetrode Plate to Triode Plate ................... . 
Heater to Cathode lEach Unit) ................. . 

• With external shield connected to catholie of unit under test. 
t With external shield connected to ground. 

Class A, Amplifier 

5 

2.5 
0.07 max 

3 

9GE 

6.3 
0.45 

11 

±200 max 
100 max 

Shielded· 

1.8 
2.7 
1.2 

0.015 max 

5 

3.3 
0.01 max 

3t 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Tetrode Unit 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 

Plate Voltage .................................... . 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

Grid Input ....................................... . 

CHARACTERISTICS 
Plate-Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................. . 
Amplification Factor ............................. . 
Plate Resistance (Approx;) ....................... . 
Transeondu~tance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p.A ....................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

330 volts 
See curve page 300 

o 0 volts 
3.1 3.2 watts 

0.7 watt 
See curve page 300 

0.55 watt 

125 125 
125 
-1 

56 
40 

5000 140000 
8000 5800 

15 12 
4.2 

-7 -7 

0.5 0.25 
1 1 

volts 
volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 

megohm 
megohm 

6CR6 Refer to chart at end of section. 
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6CS6 
PENTAGRID AMPLIFIER 3CS6, 4CS6, lZCS6 

7CH 

Miniature type used as a gated amplifier in color and 
black-and-white television receivers. In such service, 
it may be used as a combined sync separator and sync 
clipper. Outlines section, 5C; requires miniature 7-
contact socket. Types 3CS6, 4CS6, and 12CS6 are iden
tical with type 6CS6 except for heater ratings. 

3CS6 4CS6 6CS6 12CS6 
Heater Voltage (ae/dc) .............. 3.15 4.2 6.3 12.6 volts 
Heater Current ...................... 0.6 0.45 0.3 0.15 ampere 
Heater Warm-up Time (Average) .... 11 11 11 seconds 
Heater·Cathode Voltage: 

Peak value ...................... ±200 max ±200 max ±200 max ±200 max volts 
Average value ................... 100 max 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.) 
Grid No.1 to Plate .......................................... 0.07 max pF 
Grid No.3 to Plate .......................................... 0.36 max pF 
Grid No.1 to Grid No.3 ...................................... 0.22 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

Grid No.4, and Grid No.5 .................................. 5.5 pF 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, 

Grid No.4, and Grid No.5 ................................• 7 pF 
Plate to Cathode, Heater, Grid No.1, Grid No.2, Grid No.3, 

Grid No.4, and Grid No.5 .................................. 7.5 pF 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grids-No.2-and-No.4 Voltage ...................... . 
Grid-No.3 Voltage ................................ . 
Grid-No.1 Voltage ............................... . 
Plate Resistance (Approx.) ....................... . 
Grid-No.3-to-Plate Transconductance .............. . 
Grid-No.l-to-Plate Transconductance .............. . 
Plate Current .................................... . 
Grids-No.2-and-No.-4 Current ..................... . 
Grid-No.3 Voltage (Approx.) for plate current of 

50 /LA ....................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

50 /LA ....................................... . 

Gated Amplifier Service 
MAXIMUM RATINGS (Design-Center Values) 

100 
30 

-1 
o 

0.7 
1500 

0.8 
5.5 

-2.2 

Plate Voltage ................................................. . 
Grids-No.2-and-No.4 Supply Voltage ............................. . 
Grids-No.2-and-No.4 Voltage .................................... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
Grids-No.2-and-No.4 Input: 

For grids-No.2-and-No.4 voltages up to 150 volts ............. . 
For grids-No.2-and-No.4 voltages between 150 and 300 volts .. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance .................................... . 
Grid-No.3-Circuit Resistance .................................... . 

H 

MEDIUM-MU DUAL TRIODE 

100 
30 
o 

-1 
1 

1100 
1 

1.3 

-2.5 

volts 
volts 
volt 
volt 

megohm 
/Lmhos 
jLmhos 

mA 
mA 

volts 

volts 

300 volts 
300 volts 
See curve page 300 

14 mA 
1 watt 

1 watt 
See curve page 300 

0.47 
2.2 

megohm 
megohms 

6CS7 
8CS7 

Miniature type used as combined vertical-deflection os
cillator and vertical-deflection amplifier in television 
receivers. Unit No.1 is used as a conventional block-

9EF ing oscillator in vertical-deflection circuits, and unit 
No.2 as a vertical-deflection amplifier. Outline section, 6E; requires minia
ture 9-contact socket. Type 8CS7 is identical with type 6CS7 except for 
heater ratings. 
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Heater Voltage (ae/de) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................... , .............. .. 
Average value ..... " ................. ,~ ....... . 

Direct Interelectrode Capaeitances {Appr~: 
Grid to Plate ....................... :: ....... .. 
Grid to Cathode and Heater ................... . 
Plate to Cathode and Heater ................... . 

Class A. Amplifier 

CHARACTERISTICS 
Plate .Voltage .................................... . 
Grid Voltage ..................................... . 
Amplification Factor .............................. . 
Plate Resistance (.Approx.) ...................... .. 
Transconductance ............................... .. 
Plate Current .................................... . 
Plate Current for grid voltage of -16 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 /LA 
Grid Voltage (Approx.) for plate current of 50 /LA 

6C87 8C87 
6.3 8.4 
0.6 0.45 
11 11 

±200 max ±200 max 
100 max 100 max 

Unit No.1 Unit No.2 
2.6 2.6 
1.8 3 
0.5 0.5 

Unit No.1 
Oscillator 

250 
-8.5 

17 
7700 
2200 
10.5 

-24 

Unit No.2 
Amplifier 

250 
-10.5 

15.5 
3450 
4500 

19 
3 

-22 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 1i25-line, 30-frame System 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute 

Maximum) ................................... . 
Peak Negative-Pulse Grid Voltage ................. . 
Peak Cathode Current ............................ . 
Average Cathode Current ......................... . 
Plate Dissipation ................................. . 

MAXIMUM CIRCUIT VALUES 

Unit No.1 
Oscillator 

500 

400 
70 
20 

1.25 

Unit No.2 
Amplifier 

500 

2200. 
250 
105 

30 
6.5 

volts 
ampere 
seeonds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
/Lmhos 

mA 
mA 

volts 
volts 

volts 

·volts 
volts 
mA 
rnA 

watts 

Grid-Cireuit Resistanee ............................. 2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a vertieal seanning cycle (2.5 milliseconds). 
A Under no circumstances should this absolute value be exceeded. 

6CT3 Refer to chart at end of section. 

6CUS BEAM POWER TUBE 
IlCUS! IlCS. 
17CUS/17C5 

Miniature type used in the audio output stage of tele
vision receivers. Outlines section, 5D; requires minia
ture 7-contact socket. Types 12CU5/12C5, and 17CU5/ 
17C5 are identical with type 6CU5 except for heater 
ratings. 

Heater Voltage (ae/de) .................... .. 
Heater Current ............................ . 
Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

6CUIi 
6.3 
1.2 

12CUIi/12CIi 
12.6 

0.6 
11 

Peak value ............................. ±200 max ±200 max 
Average value.......................... 100 max 100 max 

Direct Interelectrode. Capacitances (Approx.): 
Grid No.1 to Plate ... . ................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... . 

17CU5/ 
17C5 

16.8 
0.45 

11 

±200 max 
100 max 

0.6 
13 

8.5 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 



TECHNICAL DATA 

Class A, Ampl ifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......... . ............ . 
Grid-No.2 (Screen-Grid) Voltage ................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ........... . ........... . 
Grid-No.2 Input 
Bulb Temperature (A't' ·h~ttest point) 

TYPICAL OPERATION 
Plate Voltage .......................................... . 
Grid-No.2 Voltage ............... . ......................... . 
Grid-No.1 Voltage ......... . ................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current .... . 
Maximum-Signal Plate Current .......... . 
Zero-Signal Grid-No.2 Current .... . 
Maximum-Signal Grid-No.2 Current 
Plate Resistance (Approx.) 
Transconductance ......... . 
Load Resistance . . . . . . . . . . . . . ........................ . 
Total Harmonic Distortion ..... . 
Maximum-Signal Power Output 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .... 
For cathode-bias operation .. 

For replacement use type 6BQ6GTB/6CU6. 

Refer to chart at end of section. 

p 

150 
130 

o 
7 

1.4 
220 

120 
110 
-8 

8 
49 
50 

4 
8.5 

10000 
7500 
2500 

10 
2.3 

0.1 
0.5 

6CU6 

6CU8 

235 

volts 
volts 
volts 

watts 
watts 

·C 

volts 
volts 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
/Lmhos 

ohms 
per cent 

watts 

megohm 
megohm 

6CW4 
HIGH-MU TRIODE lCW4.13CW4 

G 
INDEX = LARGE LUG • = PIN CUT OFF 

12AQ 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and
white television and FM receivers. Outlines section, 
1; requires nuvistor socket. Types 2CW 4 and 13CW 4 
are identical with type 6CW 4 except for heater ratings. 

2CW4 6eW4 13CW4 
Heater Voltage (acidc) .................... 2.1 6.3 13.5 volts 
Heater Current . .. ...... . . . . . . . 0.45 0.135 0.06 ampere 
Heater Warm-up Time (Average) .......... 8 seconds 
Peak Heater-Cathode Voltage .............. ±100 max ±100 max ±100 max volts 
Direct Interelectrode Capacitances (ApPl'Ox.) ................... . 

Grid to Plate .............................................. 0.92 pF 
Grid to Cathode, Heater, and Shell .......................... 4.3 pF 
Plate to Cathode, Heater, and Shell ............... 1.8 pF 
Plate to Cathode .......................................... 0.18 pF 
Heater to Cathode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . 1.6 pF 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .. . ...................... . 
Plate Voltage .. . ................ . 
Grid Voltage: 

Negative-bias value 
Peak positive value 

Cathode Current 
Plate Dissipation 

300· volts 
135 volts 

55 volts 
0 volts 

15 rnA 
1.5 watt 
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CHARACTERISTICS AND TYPICAL OPERATION 
Plate Supply Voltage ........................... . 
"Grid Supply Voltage ............................. . 
Cathode-Bias Resistor ............................ . 
Grid Resistor ........•............................ 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid Voltage (Approx.) for plate cm'rent of 10 /LA 

MAXIMUM CIRCUIT VALUES 
Glid-Circuit Reslstance: o 

Typical 
Characteristics Operation 

110 70 
o 0 

130 
47000 

65 68 
6600 5440 
9800 12500 

7 7.2 
-4 

volts 
volts 
ohms 
ohms 

ohms 
/Lmhos 

mA 
volts 

For fixed-bias operation .................................... 0.5 megohm 
For cathode-bias operation .................................. 2.2 megohms 

o A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of opel·ation. 
o For operation at metal-shell temperatures up to 1350 C. 

TYPE 6CW4 

'" m40~+-~-+~--~4-~ 
~ 301---1---" 
:i 

~20 
~ 

300 
92CS-IOe24T1 

6CW5 Refer to chart at end of section. 

6CWSI 
EL86 

seW5/XLI .. , 
lOCW5/LL86 
15CW5/PL84 

POWER PENTODE 

Miniature type used for vertical-deflection amplifier 
service in color and black-and-white television receiv
ers. Outlines section, 6G; requires miniature 9-contact 
socket. Types 8CW5/XL86, 10CW5/LL86, and 15CW5/ 
PL84 are identical with type 6CW5/EL86 except for 
heater ratings. 

6CW5/ 8CW5/ Itl':f' EL86 XL86 
Heater Voltage (ae/de) .......... 6.3 8 10.6 
Heater Current .................. 0.76 0.6 0.45 
Heater Warm-up Time .......... 11 
Heater-Cathode Voltage: 

H 

scv 

15CW5/ 
PL84 

15 
0.3 

Peak value .................. ±330max ±330max ±330 max ±330 max 
Average value ............... ±220max ±220 max ±220max ±220 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .......................................••• 
Grid No.1 to Heater .....................................•. 
Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ..... . 
Plate to Cathode. Heater. Grid No.2, and Grid No.3 ......... " 

0.6 
0.25 max 

13 
6.8 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 
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Class Al or Class ASI Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Plate Supply Voltage ......................................... . 

g~i~~~~:~ iS~~~~~-G~idi ·s~ppiY· V~it~ge ::: ........ ::::::::::::: 
Cathode Current .... . ........................................ . 
Plate Dissipation 
Grid-No.2 Input 
Peak Grid-No.2 Input ........................................ . 

CHARACTERISTICS 
Plate Voltage ......... . 
Grid-No.2 Voltage ... . ........ . 
Grid-No.1 (Control-Grid) Voltage 
Mu Factor (Grid No.2 to Grid NO_I) .......................... . 
Plate Resistance ...................... . 
Transconductance .............. . 
Plate Current .... . 
Grid-No.2 Current ............................................. . 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage . . . . . . . . . . . . . . . . ......................... . 
Peak Positive-Pulse Plate Voltage# ... . .................. . 
Grid-No.2 Voltage .. ... . ........................ . 
Peak Negative-Pulse Grid-No.1 Voltage ..... . ......... . 
Peak Cathode Current .. . ........................ . 
Average Cathode Current ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

237 

275 volts 
600 volts 
220 volts 
600 volts 
110 rnA 

14 watts 
2.1 watts 

7 watts 

170 volts 
170 volts 

-12.5 volts 
8 

26000 ohms 
11000 umbos 

70 rnA 
3.5 rnA 

megohm 

275 volts 
2200 volts 

275 volts 
250 volts 
240 rnA 
110 rnA 

12 watts 
2.1 watts 

2.2 megohms 
#: Pulse duration must. not exceed 6o/t) of a vertical scanning cycle (1.2 milliseconds). 

H 
MEDIUM·MU TRIODE

SHARP·CUTOFF PENTODE 
6CX8 

8eX8 

9DX 

Miniature type med in television receiver applications. 
Pentode unit is used as video a~plifier; triode unit is 
used in sound if-amplifier, sweep-oscillator, sync-sep
arator, sync-amplifier, and sync-clipper circuits. Out· 
lines section, 6E; requires miniature 9-contact socket. 
Type 8CX8 is identical with type 6CX8 except for 
heater ratings. 

Heater Voltage (acldc) .......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ..............•. 
Heater-Cathode Voltage: 

Peak value ................................••. 
Average value ............................... . 

Direct Interelectrode Capacitances: 
'friode Unit: 

6CX8 
6.3 

0.75 

±200 max 
100 max 

Grid to Plate ................................... - ••••.....•. 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and Heater ...........................•.•• 

Pentode Unit: 
Grid No.1 to Plate ...................................... _ •. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Plate tn Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................••. 
Triode Grid tn Pentode Plate ............................... . 
Pentode Grid No.1 to Triode Plate ........................... . 
Pentode Plate to Triode Plate ................................. . 

8CX8 
8 volts 

0.6 ampere 
11 volt. 

±200 max volts 
100 max volts 

4.4 pF 
2.2 pF 

0.38 pF 

0.06 pF 

9 pF 

4.4 pF 
0.018 max pF 
0.005 max pF 

0.17 max pF 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit ·Pentode Unit 
Plate Voltage .................................... . 330 330 volts 
Grid-No.2 (Screen-Grid) Voltage ................. . 330 volts 
Grid-No.2 Voltage ............................... . See curve page 300 
Grid-No.1 (Control-Gdd) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation ................................ . 2 6 watts 
Grid-No.~ Input: 

F')r gdd-No.2 voltages up to 165 volts ....... . 1.1 watta 
For gdd-No_ voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Gdd-No.2 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................. . 
Amplifiration Factor ..............•............... 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Cunent ...............................• 
Gdd-N".l (Voltage Approx.) for plate curl'ent of 

100 p.A .................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .....•........•...... 
For cathode-bias opention ................. , 

6CY5 

150 

150 
40 

8700 
4600 

9.2 

-5 

0.5 
1 

lCY!,3CY! SHARP-CUTOFF TETRODE 
Miniature type used as rf amplifier in vhf tuners. of 
television receivers. Outlines section, 5C; requIres 
miniature 7-contact socket. Types 2CY5 and 3CY5 are 
identical with type 6CY5 except for heater ratings, 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... .. 
Heater Warm-up Time (Average) ......... . 
Peak Heater-Cathode Voltage ............. . 
Direet Illterelectrode Capacitallces (Approx_)·: 

2CY5 
2.4 
0.6 
11 

±100max 

3CYS 
2.9 

0.46 
11 

±100max 

Grid-No.1 to Plate .. ' ...................................... . 
Glid-No.l to Cathode, Heater, Grid No.2 alld Internal Shield .. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield .... 

• With external shield eonnected to eathode. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Gdd) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts ..................... . 
For gdd-No.2 voltaSes between 90 and 180 volts ........... . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................ . 
Grid-No.1 Voltage ............................................ . 
Plate Resistance (Approx.) ................................... . 
Transconductanee .............................................. . 
Plate Current ..................... ' ........................... .. 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 "A ......... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Clreuit Reslstanee ................................... . 

200 volts 
126 volts 
68 ohms 

70000 ohms 
10000 p.mhos 

24 mA 
6.2 mA 

-8.5 volts 

0.25 megohm 
1 megohm 

H~H4 ~p Ge 
3 & 

K K 

IS 2 'I ,7,IS, 

GI 

7EW 

GCYS 
6.3 volts 
0_2 ampere 

seconds 
±100max volts 

0.03 pF 
4.5 pF 

3 pF 

180 volts 
180 volts 
See curve page 300 

o volts 
20 mA 
2 watts 

0.5 watt 
See curve page 300 

125 volts 
80 volts 

-1 volt 
0.1 megohm 

SOOO p.mhos 
10 mA 

1.5 mA 
-6 volts 

0.5 megohm 
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N 
U 
!:! 
N 

... 
!;( 
...J 
IL 

o 50 100 
PLATE VOLTS 

DUAL TRIODE 

239 

-2.5 

150 200 

92CS-9518T 

6CY7 
Miniature type used as combined vertical oscillator 
and vertical-deflection amplifier in television receivers. 
Unit No.1 is used as a blocking oscillator in vertical
deflection circuits, and unit No.2 is used as a vertical
deflection amplifier. Outlines section, 6E; requires mini
ature 9-contact socket. 

9LG 

Heater Voltage (ac/dc) 
Heater Current 
Heater-Cathode Voltage: 

Peak value ........ . 
Average value .. 

CHARACTERISTICS 

Class A, Amplifier 

Plate Supply Voltage .................. . 
Grid Voltage .................................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current .................................. .. 
Plate Current for grid voltage of -30 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 p.A .. 
Grid Voltage (Approx.) for plate current of 200 p.A 

6.3 
0.75 

±200 max 
100 max 

Unit No.1 Unit No.2 
250 150 
-3 

620 
68 5 

52000 920 
1300 5400 

1.2 30 
3.5 

-5.5 
-40 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Unit No.1 

Oscillator 
350 DC Plate Voltage ............................... . 

Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Grid Voltage ............... . -400 
Peak Cathode Current ......... . 
Average Cathode Current ...... . ................. . 
Plate Dissipation .......... . 

MAXIMUM CIRCUIT VALUES 

Unit No.2 
Amplifier 

350 
1800 

-250 
120 

35 
5.5 

volts 
ampere 

volts 
volts 

volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 
volts 

volts 
volts 
volts 

mA 
mA 

watts 

Grid-Circuit Resistance . . . . . . . . . . . . . . . . . 2.2 2.2t megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t For cathode-bias operation. 



240 RCA RECEIVING TUBE MANUAL 

6CZS 
5CZ5 BEAM POWER TUBE 

Miniature type used as a vertical-deflection amplifier 
in high-efficiency deflection circuits of color and black
and-white television receivers and in the audio output 
stage of television and radio receivers. Outlines see
tion, 6G; requires miniature 9-contact socket. Type 
5CZ5 is identical with type 6CZ5 except for heater 
ratings. 

Heater Voltage (ac/dc) .....................•..•. 
Heater Current .................................. . 
Heater Warm-up Time (Average) ...............•. 
Heater-Cathode Voltage: 

5CZ5 
4.7 
0.6 
11 

8CZ5 
6.3 

0.46 
11 

9HN 

Peak value .................................. . ±200 max ±200 max 
Average value ............................... . 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ..... . 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 

Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Voltage ...............................• 
Grid-No.1 Voltage ...............................• 
Plate Resistance ................................. . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current pf 

100 p.A ...................................... . 

76 
260 

o 

130· 
16· 

Vertical-Deflection Amplifier 
For operation in a 5,25-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................ . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Grid-No.2 (Screen-Grid) Voltage ................ . ............. . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ......................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

0.4 max 
9 
6 

260 
250 

-15 
73000 

4800 
46 
4.6 

-40 

350 
2200 

315 
275 
165 

45 
10 

2.2 
250 

volts 
ampere 

seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

p.mhos 
rnA 
rnA 

volts 

volts 
volts 
volts 
volts 

mA 
rnA 

watts 
watts 

·C 

For fixed-bIas operation .............• • . . . . . . . . . . . . . .. . . . • • . 0.5 megohm 
For cathode-bias operation ............... . . . . . . . . . . . . 1 megohm 

11 Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds) • 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

6D4 

6D6 

6D7 

6D8G 

6D10 

6DA4 

6DB5 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6DM4A/6DA4. 

Refer to chart at end of section. 
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4 :; 

SHARP-CUTOFF PENTODE 6DC6 * p 

H 3 ::: 6 G2 

2 7 
K G3 

I IS 

GI 

7CM 

Miniature type used in the gain-controlled picture if 
stages of color and black-and-white television re
ceivers and as an rf amplifier in the tuners of such 
receivers. Outlines section, 5C; requires 7-contact mini
ature socket. 

Heater Voltage (ac/dc) ............................••.......••. 
Heater Current ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ......................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................•• 

TYPE 60e6 
GRID-No.3 VOLTS'O 

2 
5 GRID-No.2 VOLTS-150 

0 

0 
( 

I/. -I 

::l a: 
~2 
cl 

3 
:il 
III 

5 

!;i 10 
GRID-No.1 VOLTS lEe =-2 

...J 
D. 

5 ! 
if. 

J 
-4 iq 

-6-1 

o 100 200 300 
PLATE VOLTS 92CS"3$On 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............. . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Connected 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor .......................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) f01' transconductance of 50 I'mhos .. 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Refer to chart at end of section. 

Refer to chart at end of section. 

6.3 volts 
0.3 ampere 

±200 max volts 
100 max volts 

0.02 max pF 

6.5 pF 

2 pF 

300 volts 
o volts 

300 volts 
See curve page 300 

o volts 
2 watts 

0.5 watt 
See curve page 300 

200 
to cathode 

150 
180 
0.5 

5500 
9 
3 

-12.5 

0.25 
1 

volts 
at socket 

volts 
ohms 

megohm 
I'mhos 

mA 
mA 

volts 

megohm 
megohm 

6DCB 
6DCB/EBFB9 

6DE4 
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6DE4/6CQ4 

4CG 

HALF-WAVE 
VACUUM RECTIFIER 17DE4, UDE4 

Glass octal type used as damper tube in horizontal
deflection circuits of television receivers. Outlines sec
tion, 13G; requires octal socket. Socket terminals 1, 
2, 4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 17DE4 and 22DE4 are identical with 
type 6DE4/6CQ4 except for heater ratings. 

6DE4/6CQ4 17DE4 22DE4 
Heater Voltage (ac/dc) ....................... 6.3 17 
Heater Current ..... . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6 0.6 
Heater Wal"m-up Time (Average) ............. 11 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater .............................. . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode ........................................ . 

Damper Service 
}o'or operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ......................................... . 
Plate Dissipation .. . ...........................•............. 
Heater-Cathode Voltage: 

Peak value .................................. +300 
Average value ............................... +100 

CHARACTERISTIC Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA ................. . 

22.4 volts 
0.45 amperes 

11 seconds 

8.5 pF 
11.5 pF 

" pF 

5500 volts 
1100 mA 

180 mA 
6.6 watts 

-5500 volts 
-900 volts 

34 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6DE6 
4DEIi SHARP-CUTOFF PENTODE 

Miniature type used in the gain-controlled picture if 
stages of television receivers utilizing an intermediate 
frequency in the order of 40 MHz and as an rf am
plifier in vhf television tuners. Outlines section, 5C; re
quires miniature 7-contact socket. Type 4DE6 is iden
tical with type 6DE6 except for heater ratings. 

Heater Voltage (ac/de) .........................•. 
Heater Current .................................•. 
Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

Peak value .................................•. 
Average value ................................ . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield .................•....... 
& With extel'nal shield connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 

4DEG 
4.2 

0.46 
11 

±200max 
100 max 

Unshielded 
0.026 max 

6.5 

2 

Plate Voltage ..............................................•... 
Grid-No.3 (SUppl'essor-Glid) Voltage, Positive value ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Contl"Ol-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 

~ 
.. 

.. S 

H 3 ::: • GZ 

2 7 
K Gl 

I IS 
GI 

7CM 

SDES 
6.3 
0.3 

±200max 
100 max 

Shielded& 
0.015 max 

6.5 

3 

volts 
ampere 
seconds 

volts 
volts 

pI 
pF 

pF 

330 volts 
o volts 

330 volts 
See CU1've page 300 

o volts 
2.3 watts 
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Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

0.55 watt 
See curve page 300 

f:! 
15 
IL 

30 

~20 

3 
i 
III 
!;r 10 

~ 

o 

CHARACTERISTICS 

TYPE 6DE6 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID-No.2 VOLTS "55 I f--

/ 
0 

!I 

r 
II -2 

I 
/ -., 

r GRID-No.1 VOLTS ECI"-4 
F. ~5 

-6 
100 200 300 400 

PLATE VOLTS 92CS -8578TI 

Plate Supply Voltage ......................................... . 
Grid No.3 ........................................... Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (App,·ox.) .................................... . 
Transconductance ......................................... __ . 
Transconductance for grid-No.1 volts of -5.5 and cathode resistor 

of 0 ohms ................................................. . 
Plate Current ...... _ ........ _ ................................. . 
Grid-No.2 Ourrent .. ~ ............................... _ .......... . 
Grid-No.1 Voltage (Approx.) for plate CUI·rent· of 20 p.A ....•••••• 

125 
to cathode 

125 
66 

0.25 
8000 

700 
16.5 
4.2 
-9 

volts 
at socket 

volts 
ohms 

megohm 
p.mhos 

p.mhos 
mA 
mA 

volts 

6DE7 
DUAL TRIODE 10DE7. 13DE7 

Miniature type used as combined vertical oscillator and 
vertical-deflection amplifier in television receivers. 
Unit No.1 is used as a blocking oscillator in vertical
deflection circuits, and unit No.2 is used as a vertical-

9HF deflection amplifier. Outlines section, 6E; requires mini-
ature 9-contact socket. For curve of average plate characteristics, Unit 
No.2, refer to type 6DR7. Types 10DE7 and 13DE7 are identical with type 
6DE7 except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

6DE7 
6.3 
0.9 

10DE7 
9.7 
0.6 
11 

13DE7 
13 

0.46 
11 

volts 
ampere 
seconds 

Peak value ...........................• 
Average value ........................ . 

Direct Interelectrode Capacitances (Approx.): 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Unit No.1 Unit No.2 

volts 
volts 

Grid to Plate ................................ . 
Grid to Cathode and Heater ................. . 
Plate to Cathode and Heater ................. . 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ...................................•. 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ......................•. 
Tranaeonductance ................................ . 
Plate Current .................................... . 
Plate Current for grid voltage of -24 volta ....... . 
Grid Voltage (Approx.) for plate current of 10 p.A 
Grid Voltage (Approx.) for plate current of 50 p.A 

4 8.5 
2.2 5.5 

0.62 1 

Unit No.1 
250 

-11 
17.5 
8760 
2000 

6.5 

-20 

Unit No.2 
150 

-17.5 
6 

925 
6500 

35 
10 

-44 

pF 
pF 
pF 

volts 
volts 

ohms 
J,mhos 

rnA 
rnA 

volts 
volts 
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Vertical-Deflection Oscillator and Amplifier 
For operation in. a 525 .. line, 30-fra",e syste", 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................ . 
Peak Positive-Pulse Plate Voltage# ............. . 
Peak Nevative-Pulse Grid Voltage ............... . 
Peak Cathode Current ........................... . 
Average Cathode Current ....................... . 
Plate DissIpation ............................... , .. 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 Unit No.2 
Oscillator A",plifier 

330 275 

400 
77 
22 

1.5 

1500 
250 
171i 

50 
7 

volts 
volts 
volts 
mA 
mA 

watts 

For grid-resistor bias or cathode-bias operation 2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

TYPE 6DE7 
UNIT No.1 

~25r-;--+--+.r-r~~4--+--~~ .., 
~201t--+-+ 
c 
3. 
:E 

.ZCS-.... T 

6DG6GT BEAM POWER TUBE 
Glass octal type used as output tube in audio-ampli
fier applications Outlines section, 13D; requires octal 
socket. This type may be supplied with pin I omitted. 
Heater Voltage (ae/de) ....................................... . 
Heater Current ... : ............................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .. ;.; ........................................ . 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.1 to Plate ............ " ............................. . 
Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ... . 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 ......... . 

Class A. Audio-Frequency Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ..••............................................... 
Grid-No.2 (Sereen-Grld) Voltage .............................. .. 
Plate Dissipation ............................................... . 
Grid-No.2 Input ............................................... . 

TYPICAL OPERATION 
Plate Supply Voltage ............................. 110 
Grid-No.2 Supply Voltage ........................ 110 
Grid-No.1 (Control-Grid) Supply Voltage .......... -7.5 
Peak AF Grid-No.1 Voltage ...................... 7.5 
Cathode-Bias Resistor .................... _ ....... . 
Zero-Signal Plate Current ........................ 49 
Maximum-Signal Plate Current ..................•• 50 
Zero-Signal Grid-No.2 Current ........... . . . . . . . . . 4 
Maximum-Signal Grid-No.2 Current ............... 10 

6.3 volts 
1.2 amperes 

±200max volts 
100 max volts 

0.6 pF 
15 pF 
10 pF 

200 . volts 
125 volts 

10 watts 
1.25 watts 

200 volts 
125 volts 

volts 
8.5 volts 
180 ohins 

46 mA 
47 DiA 
2.2 mA 
8.5 mA 



TECHNICAL DATA 

Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Load Resistance ................................. . 
Total Harmonic Distortion ........................ . 
Maximum-Signal Power Output ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

13000 
8000 
2000 

10 
2.1 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................. . 

MEDIUM-MU TWIN TRIODE 

28000 
8000 
4000 

10 
3.8 

0.1 
0.5 

245 

ohms 
"mhos 

ohms 
per cent 

watts 

megohm 
megohm 

6DJa/ 
ECC88 
INDUSTRIAL 

TYPE 

9AJ 

Miniature type used as a casco de amplifier in vhf color 
and black-and-white television tuners. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) .............................. . 
Heater Current ...................................... . 

6.3 
0.365 

Heater-Cathode Voltage: Unit No.1 Unit No.2 
Peak value ....................................... . -150 
Average value ................................... . 50 -130 

Direct Interelectrode Capacitances: 
Grid to Plate ................................... . 1.4 1.4 
Grid to Cathode, Heater, and Internal Shield ..... . 3.3 
Cathode to Grid, Heater, and Internal Shield ..... . 
Plate to Cathode, Heater, and Internal Shield ..... . 1.8 
Plate to Grid, Heater, and Internal Shield ....... . 
Plate to Cathode ................................ . 
Heater to Cathode ............................... . 
Grid to Heater .................................. . 
Plate of Unit No. 1 to Plate of Unit No.2 ....... . 
Grid of Unit No. 2 to Plate of Unit No.1 ......... . 

Class Al Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ........................................... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
Negative Grid Voltage ......................................... . 
Plate Supply Voltage (cold condition) .......................... . 

CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Transconductance ............................................... . 
Plate Current ................................................. . 
Equivalent Noise Resistance .................................... . 

MAXIMUM" CIRCUIT VALUES 
Grid-Circuit Resistance ...... " .................................. . 
Heater to Cathode Circuit Resistance ...... " .................... . 

0.13 
0.045 
0.005 

6.0 

2.8 
1.8 
2.7 

130 
25 

1.8 
50 

550 

90 
-1.3 

33 
12250 

15 
300 

1.0 
0.02 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
rnA 

watts 
volts 
volts 

volts 
volts 

"mhos 
mA 

ohms 

megohm 
megohm 

• • 
~

" 6DK6 
H 3 " ::: 6 GZ ---

2 7 
K G3 

I IS 

GI 

7CM 

SHARP-CUTOFF PENTODE 3DK6, 4DK6, 12DK6 

Miniature type used as if-amplifier tube in color and 
black-and-white television receivers. Outlines section, 
5e; requires miniature 7-contact socket. Types 3DK6, 
4DK6, and 12DK6 are identical with type 6DK6 except 
for heater ratings. 
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Heater Voltage (ac/dc) ......... . 
Heater Current ................ . 

3DKG 
3.15 
0.6 
11 

4DK6 
4.2 

0.45 
11 

SDK6 
6.3 
0.3 

12DKG 
12.6 
0.15 

volts 
ampere 
seconds Heater Warm-up Time (Average) 

Heater-Cathode Voltage: 
Peak value ................. . { +200 max ±200 max ±200 max ±200 max volts -300 max 
Average value .............. . 100 max 100 max 100 max 100 max volts 

,Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and 

Internal Shield .................................... . 
Plate to Cathode. Heater, Grid No.2, Grid No.3. and 

Internal Shield .... . ...............................••••• 

Class A1 Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage. Positive value ............. . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

TYPE 601<6 
GRID No.3 AND INTERNAL SHIELD CONNECTED 

TO CATHDDE AT SOCKET. 
GRID-No.2 VOLTS -125 

I ( GRID-No.1 VOLTS Ecl-D 

\ I l:b -0.5 

i , -II 

j~ -.:!:~ ~;; 1'-- _ 

k ;1.1 ---r~--o.5 
-2.5-3 

-3.5 
o 200 400 flOG 

PLATE VOLTS 1I2CS-985m 

CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid No.3 ............................................ Connected 
Grid-No.2 Supply Voltage ....................................•. 
Cathode-Bias Resistor . . ....................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A ....... . 

6DL3 
2SDL3 

HALF-WAVE 
VACUUM RECTIFIER 

Novar type used as a damper tube in television receiv
ers. Outlines section, 40B; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8, and 9 should not 
be used as tie points. Type 25DL3 is identical with type 

0.025 max 

6.3 

1.9 

pF 

pF 

pF 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
2.3 watts 

0.55 watt 
See curve page 300 

125 
to cathode 

125 
56 

0.35 
9800 

12 
3.8 

-6.5 

volts 
at socket 

volts 
ohms 

megohm 
p.mhos 

mA 
mA 

volts 

6DL3 except for heater ratings. 9GD 



TECHNICAL DATA 

Heater Voltage (ac/dc) .............................. . 
Heater Current .. . .................................. . 
Heater Warm-up Time (average) ..................... . 
Direct Interelectrode Capacitances: 

6DL3 
6.3 
2.3 

Cathode to Plate and Heater ............................... . 
Plate to Cathode and Heater ............................... . 
Heater to Cathode .......................................... . 

Damper Service 

25DL3 
25.2 
0.45 

11 

17 
13 
4.4 

For operation in a 525-Jine. 30-frame system 

Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

6500 
1800 
400 
11 

220 
Heater-Cathode Voltage: 

Peak value ........................................ +300 -6500 
Average value ...................................... +100 -900 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 800 mA .................. 25 
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

volts 
ampere 
seconds 

pF 
pF 
pF 

volts 
rnA 
mA 

watts 
'c 

volts 
volts 

volts 

Refer to chart at end of section. 6Dl4/EC88 

Refer to chart at end of section. 
6Dl5 

6Dl5/El95 

Refer to chart at end of section. 
For replacement use type 6DM4A/6DA4. 

6DM4 
6DM4A 

~
p 

HALF-WAVE 
VACUUM RECTIFIER 

6DM4A/ 
6DA4 

17DM4A 
K 

3 . 

2 7 
Ie 8 H 

H 

4CG 

Glass octal type used as damper tube in horizontal
deflection circuits of television receivers. Outlines sec
tion, 13G; requires octal socket. Socket terminals 1, 2, 
4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Type 17DM4A is identical with type 6DM4A/ 
6DA4 except for heater ratings. 

6DM4A/6DA4 17DM4A 
Heater Voltage (ac/dc) ........................... . 6.3 16.8 
Heater Current ................................... . 1.2 0.46 
Heater Warm-up Time (Average) ................. . 

Damper Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation .............................................. . 
Heater-Cathode Voltage: 

11 

5000 
1200 

200 
6.6 

Peak value ........................................ +300 -5000 
Average value ...................................... +100 -900 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 

volts 
amperes 
seconds 

volts 
mA 
mA 

watts 

volts 
volts 

microseconds) • 
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6DN3 HALF-WAVE 
VACUUM RECTIFIER 

Novar type used as a damper diode in horizontal
deflection circuits of color television receivers. Outlines 
section, 8G; requires novar 9-contact socket. Terminals 
1, 3, 6, and 8 should not be used as tie points for ex
ternal-circuit components. 

Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................ . 
Direct Interelectrode Capacitances: 

Plate to Cathode and Heater ............................... . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode ......................................... . 

Damper Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inver,e Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
Heater-Cathode Voltage: 

Peak value ........................................ +300 
Average value .................... ................. +100 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA ................. . 

6.3 
2.4 

13 
16 .. 

5500 
2100 
350 

9 
220 

-5500 
-900 

14 

9HP 
volts 

amperes 

pF 
pF 
pF 

volts 
mA 
mA 

watts 
·C 

volts 
volts 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6DN6 Refer to chart at end of section. 

6DN7 MEDIUM-MU DUAL TRIODE 
Glass octal type used as combineClvertical-defiection
oscillator and vertical-deflection-amplifier tube in tele
vision receivers. Outlines section, 13B; requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.9; maxi
mum heater-cathode volts, ±200 peak, 100 average. 

Class At Amplifier 
CHARACTERISTICS Unit No.1 
Plate Voltage .................................... 250 
Grid Voltage ...................................... -8 
Amplification Factor .............................. 22.5 
Plate Resistance (Approx.) ........................ 9000 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2500 
Plate Current .................................... g 

Unit No.2 
250 

-9.5 
15.4 
2000 
7700 

41 

volts 
volts 

Grid Voltage (Approx.) for plate current of 10 /LA .. -18 
Grid Voltage (Approx.) for plate current of 50 /LA .. -23 

ohms 
/Lmhos 

mA 
volts 
volts 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................... . 
Peak Positive-Pulse Plate Voltage# .............. . 
Peak Negative-Pulse Grid Voltage ................ . 
Peak Cathode Current ............................ . 
Average Cathode Current ......................... . 
Plate Dissipation ................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

350 

400 

1 

For fixed-bias operation ....................... 2.2 
For cathode-bias operation ..................... 2.2 

# Pulse duration must not exceed 15% of a vertical scanning cycle 

Unit No.2 
Amplifier 

550 
2500 
250 
150 

50 
10 

volts 
volts 
mA 
mA 
mA 

watts 

2.2 megohms 
megohms 

(2.5 milliseconds). 
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Refer to chart at end of section. 
For replacement use type 6CG3/6BW3/6DQ3. 6DQ3 

Refer to chart at end of section. 6DQ4 

BEAM POWER TUBE 6DQ5 
2 7 * H Glass octal type used as horizontal-deflection ampIi. 

Gil 8 Gz tier in color and black-and-white television receivers. 
8JC Outlines section, 21B; requires octal socket. 

Heater Voltage (ac/dc) ......................................... 6.3 
Heater Current ................................................. 2.5 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ..... . 
Plate to Cathode. Heater, Grid No.2. and Grid No.3 ......... . 

Class A. Amplifier 

CHARACTERISTICS 
Plate Voltage ................................ . 
Grid No.2 (Screen-Grid) Voltage .............. . 
Grid No.1 (Control-Grid) Voltage ............. . 
Amplification Factor .......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage (Approx.) for plate mA = 1 . 
- Grid No.2 connected to plate. 

Pentode 
Connection 

70 175 
126 126 

o -25 

5500 
10600 

650. 110 
42* 5 

-65 

±200max 
100 max 

0.6 
23 
11 

Triode
Connection 

126 

-25 
3.3 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
/£mhos 

rnA 
mA 

volts 

• This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a .·ecurrent waveform such that the 

TYPE 60Q5 E~r1 o GRID-No. 2 _ . 

VOL~ -5 

1." -~ 
I ---rl-"'"" TS EC 1._10 

o IlO-I \IOL f c;l\IO-~;"--
_::;:;;- -15 

\Kr \ ..--~ 1.b -20 

~ ~ -r-- -25 
-30 

yo - - -0 -35 

~ 
i .. 
::; 

zooj 

I 

~ 
N 

00.; 
Z 
I 

C 

TYPE 6005 
GRID-No.1 VOLTS - 0 

-
o 

~ 
100 200 300 400 0 OC~~~~~~~:;UO 

PLATE VOLTS 92C8-9309\" 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate VoltageI' ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ........................... . 
Peak Negative-Pulse Grid-No.1" (Control-Grid) Voltage .......... . 
Peak Cathode Current ......................................... . 
Average Cathode Cunent ...................................... . 
Grid·No.2 Input .............................................. . 
Plate Dissipation· ............................................. . 
Bulb Temperature (At hottest point) ........................... . 

990 
6600 
1100 

190 
250 

1100 
315 
3.2 
24 

220 

UCS-UIIT 

volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 
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MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for grid-resistor-bias operation .... 0.47 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• A bias resistor or other means is l'equil'ed to protect the tube in absence of excitation. 

6DQ6A 

6DQ6B 

Refer to chart at end of section. 

For replacement use type 6GW6/6DQ6B, 

6DR7 
IODR7, 13DR7 DUAL TRIODE 

Miniature type containing high-mu and low-mu 
triodes; used as combined vertical-deflection-oscillator 
and vertical-deflection-amplifier tube in television re
ceivers. Outlines section, 6E; requires miniature 9-con
tact socket. Types 10DR7 and 13DR7 are identical with 
type 6DR7 except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Wal'm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

6DB7 
6.3 
0.9 

10DB7 
9.7 
0.6 
11 

9HF 

13DB7 
13 

0.45 
11 

Peak value ........................... . ±200 max ±200 max ±200 max 
Average value ........................ . 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ....................... ; ....... . 

Unit No.1 Unit No.2 
4.5 8.5 

Grid to Cathode and Heater ................. . 2.2 5.5 
Plate to Cathode and Heater ................. . 0.34 1 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor ............................. . 
Plate Resistance (ApPl·OX.) ...................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Plate Current for grid voltage of -24 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 /LA 
Grid Voltage (Approx.) for plate current of 50 /LA 

Unit No.1 
250 
-3 

68 
40000 

1600 
1.4 

-5.5 

14 

12 

TYPE 6DR7 
UNIT No.1 

.0 V 140 

1201---+--1-1 

Unit No.2 
150 

-17.5 
6 

925 
6500 

35 
10 

-44 

TYPE 6DR7 
UNIT No.2 

<J}" ?' A.,G:> 

~/ 
::l10 
0: .., 
~ 8 
<t 

:3 6 
i 

\"": 
~4 
0. 

o 

:; ~O 

lr// ~ 
V 1/ / 

V 
/ tp V V 1/ 

I--

./ 1/ / 

~ I--

V ~ V V 1/ ~ .6 

100 200 300 400 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
/Lmhos 

rnA 
mA 

volts 
volts 

PLATE VOLTS 92CS-9912T PLATE VOLTS 92CS-9913T 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Voltage ................................ . 
Peak Positive-PulsePJate VoltaBe# .......•.....•. 

Unit No.1 Unit No.2 
Oscillator Amplifter 

330 275 
1500 

volts 
volts 



TECHNICAL DATA 

Peak Negative-Pulse Grid Voltage ................ . 
Peak Cathode Current ............................ . 
Average Cathode Current ........................ . 
Plate Dissipation ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

400 
70 
20 
1 

250 
175 

50 
7 

251 

volts 
mA 
mA 

watts 

For grid-resistance-bias or cathode-bias operation 2.2 2.2 megohms 
"" Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

HIGH-MU TRIODE 
Nuvistor type used as grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and-white 
television and FM receivers. Outlines section, 1; re
quires nuvistor socket. Type 2DS4 is identical with 
type 6DS4 except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .................. . 
Peak Heater-Cathode Voltage ...................... . 

Direct Interelectrode Capacitances (Appro".) 

2D84 
2.1 

0.45 
8 

±100rnax 

Grid to Plate ............................................... . 
Grid to Cathode, Heater, and Shell .......................... . 
Plate· to Cathode, Heater, and Shell ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode ......................................... . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................... . 
Plate Voltage .................................................. . 
Grid Voltage, Negative-bias value ............................... . 
Grid Voltage, Peak positive value ............................... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 

CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid Supply Voltage ........................................... . 
Cathode-Bias Resistor ........................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ............................ . ................... . 
Grid Voltage (Approx.) for plate current of 100 /LA ....... . 
Grid Voltage (Approx.) for plate current of 10 /LA ............. . 

TYPE 6054 

e~-+--+-~---r--t--+--~ 

92CS-1I20tT 

6084 
6.3 

0.135 

±100 max 

0.92 
4.3 
1.8 

0.18 
1.6 

300· 
135 

56 
o 

15 
1.5 

110 
o 

130 
63 

7000 
9000 

6.5 
-5 

-6.8 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

rnA 
watt 

volts 
volts 
ohms 

ohms 
"mhos 

mA 
volts 
volts 
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TYPICAL OPERATION 
Plate Voltage .................................................. . 
Grid Supply Voltage .................... ; ....................... . 
Grid Resistor .................................................. . 
Amplification Factor ............................................ . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:. 

70 
o 

47000 
68 

5440 
12500 

7 

volts 
volts 
ohms 

ohms 
I'mhos 

mA 

For fixed-bias operation ..................................... 0.6 megohm 
For cathode-bias operation ................................... 2.2 melrohm 

° A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 
in the plate circuit to limit the plate dissipation to 1.6 watts under any condition of operation • 
• For operation at metal-shell temperatures up to 125°C. 

6D55 
BEAM POWER TUBE llDS5 

Miniature type used in the audio output stages of tele
vision and radio receivers. Outlines section, 5D; re
quires miniature 7-contact socket. Type llDS5 is identi
cal with type 6DS5 except for heater ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current.. . .............................. . 
Heater Warm-up Time ........................... . 
Peak Heater-Cathode Voltage ..................... . 
Direct Interelectrode Capacitances (Approx.): 

6DS5 
6.S 
0.8 

±200 max 

Grid No.1 to Plate .. . . . . . . ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.S ...... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.S .......... . 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .... ... . ........................................ . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...........• 
Plate Dissipation ............................................. . 
Gri<l-No.2 Input ............................................ . 
Bulb Temperature (At hottest point) ............................ . 

20~~~ ~ -4 
o 100 200 :SOO 

PLATE VOLTS nC5-eztaT 

llDS5 
11.2 
0.45 

11 
±200max 

0.19 
9.5 
6.S 

275 
275 

0 
9 

2.2 
250 

TYPICAL OPERATION AND 
CHARACTERISTICS 

Cathode-Bias 
Operation 

Fixed-Bias 
Operation 

Plate Supply Voltage ............... . 200 250 200 250 
Grid-No.2 Supply Voltage ........... . 200 200 200 200 
Grid-No.1 Voltage .................. . -7.5 -8.5 
Cathode-Bias Resistor ............... . 180 270 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
,vatts 

·C 

volts 
volts 

ohms 
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Peak AF Grid-No.1 Voltage ......... . 
Zero-Signal Plate Current .......... . 
Maximum-Signal Plate Current .. 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No~2 Current .. 
Plate Resistance (Approx.) ......... . 
Transconductance ................. . 
Load Resistance .................... . 
Total Harmonic Distortion .......... . 
Maximum-Signal Power Output 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

7.5 
34.5 
32.5 

3.5 
9 

28000 
6000 
6000 

10 
2.g 

9.2 
27 
25 

3 
9 

28000 
5800 
8000 

10 
3.6 

7.5 
35 
36 

3 
9 

28000 
6000 
6000 

9 
3 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................. . 

Refer to chart at end of section. 
For replacement use type 6CE3/6CD3/6DT3. 

BEAM POWER TUBE 

8.5 
29 
32 

3 
10 

28000 
5800 
8000 

10 
3.8 

0.1 
1 

6DT3 

volts 
mA 
mA 
mA 
mA 

ohms 
J.lmhos 

ohms 
per cent 

watts 

megohm 
megohm 

6DT5 
IlDTS 

9HN 

Miniature type used as a vertical-deflection-amplifier 
tube in television receivers employing llO-degree pic
ture-tube systems. Outlines section, 6E; requires 
miniature 9-contact socket. Type 12DT5 is identical 
with type 6DT5 except for heater ratings. 

6DT5 
Heater Voltage (ac/dc) ........................... . 6.3 
Heater Current ................................... . 1.2 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . ±200 max 
Average value ................................ . 100 max 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage ................................ . 60 80 
Grid-No. 2 Voltage ............................ . 150 250 
Grid-No.1 Voltage ............................ . 0 0 
Transconductance ............................. . 
Plate Current ......... ' ....................... . 95· 195· 
Grid-No.2 Current ............................ . 8.5· 19. 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 mA ............................... . 

12DT5 
12.6 
0.6 
11 

±200 max 
100 max 

250 
250 

-16.5 
6200 

44 
1.5 

-35 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 
volts 

J.lmhos 
mA 
mA 

volts 
• These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertica I·Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate VoltageI' .............. " ............... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ........... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation ........................... " ................... . 
Grid-No.2 Input ................................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation .................................. . 

II Pulse duration must not exceed 15% of a vertical scanning cycle 

Refer to chart at end of section. 

315 
2200 

285 
250 
190 

55 
9 
2 

volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

0.5 megohm 
1 megohm 

(2.5 milliseconds). 

6DT6 
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6DT6A 
3DT6A, 4DT6A SHARP-CUTOFF PENTODE 

Miniature type used as FM detector in color and "black
and-white television receivers. Outlines section, 5Ci 
requires miniature 7-contact socket. Types 3DT6A and 
4DT6A are identical with type 6DT6A except for 
heater ratings. 

Heater Voltage (ac/dc) ................... . 
H .. ater Current ............................ . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: . 

3DTGA 
3.15 
0.6 
11 

4DT6A 
4.2 

0.45 
11 

~
4 sP 

H 3 6 G2 

K 2 7 G3 

IS 
I 

GI 

7EN 
6DT6A 

6.3 
0.3 

volts 
ampere 
seconds 

Peak value ............................ ±200 max ±200 max ±200 max volts 
volts Average value ......................... ' 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.)" 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Grid No.3 to Plate ......................................... . 
Grid No.1 to Grid No.3 ...................................• 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, and 

Internal Shield .......................................... . 

• External shield' connected to cathode. 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid No.3 (Suppressor Grid) ............................ Connected 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Cathode-Bias Resistor ......................................... . 
Plate .Resistance (Approx.) ................................... . 
Transconductance, GrId No.1 to Plate .......................... . 
Transconductance, Grid No.3 to Plate ........................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 10 p.A ....... . 
Grid-No.3 Voltage (Approx.) for plate current of 10 p.A ....... . 

FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 Voltage ............................................. . 
Grid-No.2 Supply Voltage ...................................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .......................•......................• 
Grid-No.2 Input: 

For· grid-No.2 voltages up to' 165 volts ...................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................•.. 
For cathode-bias operation .................................• 

6DT8 
12DT8 HIGH·MU TWIN TRIODE 

Miniature type used in radio and television receiver 
applications and in push-pull rf amplifiers or as fre
quency converter in FM tuners. Outlines section, 6B i 
requires miniature 9-contact socket. Type 12DT8 is 
identical with type 6DT8 except for the heater ratings. 
Except for heater and heater-cathode ratings, inter
electrode capacitances, and basing arrangement, these 
types are identical with miniature type 12AT7. 

0.02 

5.8 
1.7 
0.1 

6.1 

160 
to cathode 

100 
560 

0.15 
1350 

515 
1.56 

1.8 
-5.2 
-4.2 

pF 

pF 
pF 
pF 

pF 

volts 
at socket 

volts 
ohms 

megohm 
p.mhos 
p.mhos 

mA 
mA 

volts 
volts 

330 volts 
28 volts 

330 volts 
See curve page 300 

o volts 
1.7 watts 

1.1 watts 
See curve page 800 

0.25 
0.6 

9AJ 

megohm 
megohm 
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Heater Voltage (ac/dc) .. . 
Heater Current ................................... . 
Heater-Cathode Voltage: 

Peak value ....... . 
Average value .. 

6DTS 
6.3 
0.3 

±200 max 
100 max 

Direct Interelectrode Capacitances (Approx., Each Unit Except as 
Noted: 

Grid to Plate .... . ........ . 
Grid to Cathode, Heater, and Internal Shield . 
Plate to Cathode, Heater, and Internal Shield 
Heater to Cathode . ................. . ............... . 
Cathode to Grid, Heater, and Internal Shield (Unit No.2) 
Plate to GrId. Heater. and Internal Shield (Unit No.2) 

t With external shield connected to grid of unit under test . 
• With external shield connected to ground. 
• With external shield connected to cathode of unit under test. 

p 

MEDIUM-MU TRIODE 

255 

12DTS 
12.6 volts 
0.15 ampere 

±200 max volts 
100 max volts 

1.6" pF 
2.7" pF 
1.6" pF 

3· pF 
5.3t pF 
2.8t pF 

6DV4 

G 
INDEX ~ LARGE LUG 
•• SHORT PIN 

2DV4 

Nuvistor type used at frequencies up to 1000 MHz in 
uhf oscillator stages of color and black-and-white tele
vision receivers. Outlines section, 1; requires nuvistor 
socket. Type 2DV4 is identical with type 6DV4 except 
for heater ratings. 

12EA 

Heater Voltage (ac/dc) ..... . .................... . 
Hea ter Current ............................ . 
Heater Warm-up Time (Average) ......... . 
Peak Heater-Cathode Voltage .................. . 
Direct Interelectrode Capacitance (Approx.): 

Grid to Plate ........................ . 
Grid to Cathode. Heater. and Shell .................. . 
Plate to Cathode. Heater, and Shell 
Plate to Cathode 
Heater..to Cathode ....... . 
Grid to Cathode ......... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage . .. . ............. . 

2DV4 
2.1 

0.45 
8 

±100 max 

Plate Voltage ....................... . ............... . 
Grid Voltage: 

Negative .. bias value 
Peak positive value 

Plate Dissipation .. . 
Cathode Current ... . 

CHARACTERISTICS 
Plate Supply Voltage . 
Cathode-Bias Resistor 
Amplification Factor ......... . .......... . 
Plate Resistance (Approx.) .. . ........ . 
Transconductance ..... . ........................... . 

~~~e V~U~~"en\App~';';") 'f~~' pl~t~' ~~~;·~';'i· ~f iii' ~A . 
TYPICAL OPERATION AS OSCILLATOR AT 950 MHz 
Plate Voltage 
Grid Voltage . 
Grid Resistor 
Plate Current 
Grid Current 

6DV4 
6.3 

0.135 

±100 max 

1.8 
4.4 
1.9 

0.25 
1.4 
3.7 

300 
125 

55 
2 
1 

15 

75 
100 

35 
3100 

11500 
10.5 
-7 

60 
-2 

5600 
8 

350 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 
watt 
rnA 

volts 
ohms 

ohms 
/Lmhos 

rnA 
volts 

volts 
volts 
ohms 

rnA 
/LA 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:. 

TYPE 6DV4 

For fixed-bias operation .................................... . 
For cathode-bias operation .................................. . 

• For operation at metal-shell temperatures up to 136°C. 

0.1 
0.2 

6DW4 
6DW4A Refer to chart at end of section. 

6DW4B HALF-WAVE 
VACUUM RECTIFIER 

Novar types used as damper tubes in horizontal-deflec
tioncircuits of color and black-and-white television 
receivers. Outlines section, llD and 30B, respectively; 
require novar 9-contact socket. Socket terminals 1, 3, 
6, and 8 should not be used as tie points; it is recom- 9HP 

megohm 
megohm 

mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. 
Heater Voltage (ac/dc) ........................................ . 
Heater. Current ............................................... . 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater ................................ . 
Cathode to Plate and Heater ............................... . 
Heater to Cathode .......................................... . 

Damper Service 
For operation in a 525-1ine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Piate Dissipation .............................................. . 
Heater-Cathode Voltage: 

6.3 
1.2 

6.5 
9 

2.8 

5500 
1300 

250 
8.5 

Peak value ........................................ +300 -5000 
Average value ...................................... +lOO -900 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA .................. 26 

volts 
amperes 

pF 
pF 
pF 

volts 
mA 
mA 

watts 

volts 
volts 

volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6DW5 

6DX8 

Refer to chart at end of section. 

Refer to chart at end of section. 
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H 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

6DXSI 
ECLS4 

10DX8/LCL84 

Miniature type used in color and black-and-white tele
vision-receiver applications. The triode unit is used as 

9HX a sync-separator, sync-amplifier, keyed-agc, or noise-
suppressor tube. The pentode unit is used as a video-output tube. Outlines 
section, 6E; requires miniature 9-contact socket. Type 10DX8/LCL84 is 
identical with type 6DX8/ECL84 except for heater ratings. 

6DXS/ECL84 10DXS/LCL84 
Heater Voltage (ac/dc) ............................ 6.3 10.2 volts 
Heater Current .................................... 0.72 0.45 ampere 
Peak Heater-Cathode Voltage ±200 max ±200 max volts 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit 
Plate Supply Voltage ............................. . 550 550 
Peak Plate Voltage, with maximum plate current of 

0.1 mA ...................................... . 
Plate Voltage. . 
Grid-No.2 (Screen-Grid)· s';ppiy ·v~it,;g~· : : : : ....... . 
Grid-No.2 Voltage .. . .......................... . 
Cathode Current ... . ........ . 
Plate Dissipation .. . ........................... . 
Grid-No.2 Input .... . ........ . 

600 
300 

12 
1 

300 
550 
300 

40 
4 

1.7 

CHARACTERISTICS Triode Unit 
200 

Pentode Unit 
Plate Voltage ................. . 
Grid-No.2 Voltage ... . 
Grid No.1 Voltage .. . .............. . 
Amplification Factor ............ . 
Mu-Factor, Grid-No.2 to Grid-No.1 
Plate Resistance (Approx.) ..... . 
Transconductance ............ . 
Plate Current ...................... . 
Grid-No.2 Current ........... . 

MAXIMUM CIRCUIT VALUES 

-1.7 
65 

4000 
3 

170 200 
170 200 

-2.1 -2.9 

36 
0.1 

11000 
18 

3 

36 
0.13 

10400 
18 

3 

220 
220 

-3.4 

36 
0.15 

10000 
18 

3 

Grid-No.1- Circuit Resistance: Triode Unit Pentode Unit 

volts 

volts 
volts 
volts 
volts 

rnA 
watts 
watts 

volts 
volts 
volts 

megohnl 
"mhos 

mA 
mA 

For fixed-bias operation ... . . . . . . . . . . 1 1 megohm 
For cathode-bias operation ..................... 3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

MEDIUM-MU TRIODE 6DZ4 ~
H4 5K 

H3 ___ &G 

G 2 7 P 

I 
p 

70K 

Miniature type used as a local-oscillator tube in uhf 
color and black-and-white television receivers covering 
the frequency range from 470 to 890 MHz. Outlines 
section, 5B; requires miniature 7-contact socket. For 
curve of average plate characteristics, refer to type 
6AF4A. 

Heater Voltage (ac/dc) 
Heater Current ...... . 

6.8 volts 
0.225 ampere 

Heater-Cathode Voltage: 
Peak value '" ........... . 
Average value ......... . ....................... ' 

±50 mnx volts 
25 max volts 

Direct Interelectrode Capacitances (Approx.):o 
Grid to Plate ............................................. . 
Grid to Cathode and Heater 
Plate to Cathode and Heater ................................ . 

1,8 pF> 
2.2 pF 
1.3 pF 

• With external shield connected to cathode. 
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Class Al Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Plate Resistor .................................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 20 p.A ............... . 

UHF Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage, Negative-bias value .............................. . 
Grid Current ................................................... . 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 

TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz 
Plate Supply Voltage .......................................... . 
Plate-Circuit Resistance ........................................ . 
Grid Resistor .................................................. . 
Plate Current .................................................. . 
Grid Current (Approx.) ......................................•.• 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ...................................•. 
For cathode-bias operation ............................... _ . 

80 
2700 

14 
2000 
6700 

15 
-11 

135 
50 
2 

20 
2.3 

135 
2700 

10000 
15.5 
800 

volts 
ohms 

ohms 
p.mhos 

mA 
volts 

volts 
volts 

mA 
mA 

watts 

volts 
ohms 
ohms 

mA 
p.A 

Not recommended 
0.5 megohm 

6DZ7 Refer to chart at end of section. 

ELECTRON-RAY TUBE 6ES 
Glass type used to indicate the effects of a change in a 
controlling voltage. It is used to indicate accurate 
radio-receiver tuning. Outlines section, 13H; requires 
6-contact socket. Heater: volts (ac/dc), 6.3; amperes, 
0.3. For additional considerations, refer to Tuning 
Indication with Electron-Ray Tubes in Electron Tube 
Applications section. 

*
~ 

PT 2 :-- --: RC 1\ K 

I 6 

H " 

Tuning Indicator 
MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 
Plate-Supply Voltage ........................................... . 
Target Voltage ................................................. . 

TYPICAL OPERATION 
Plate and Target Supply Voltage ................. . 
Series Triode-Plate Resistor ....................... . 
Target Current"t ................................. . 
Triode-Plate Current· 
Triode-Grid Voltage (Approx.): 

For shadow angle of O· ...................... _ . 
For shadow angle of 90· ...................... . 

• For zero triode-grid voltage. 
t Subject to wide variations. 

200 
1 
3 

0.19 

-6.5 
o 

6R 

250 max 
{250 max 

125 min 

250 
1 
4 

0.24 

-8 
0 

6E6 

6E7 

6EA4 

6EA5 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type -6CY5. 

volts 
volts 
volts 

volts 
megohm 

mA 
mA 

volts 
volts 
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Refer to chart at end of section. 
For replacement use type 6EM7/6EA7. 6EA7 

MEDIUM-MU TRIODE- 6EA8 
7 KPi~3P SHARP-CUTOFF PENTODE SEA8, 19EA8 

Miniature type used as combined oscillator and mixer 
in color and black-and-white television l'eceivers utiliz
ing an intermediate frequency in the order of 40 MHz. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5EAS and 19EAS are identical with 

9AE type 6EAS except for heater ratings. 

Heater Voltage (ae/de) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ...... . 
Heater-Cathode Voltage: 

Peak value ........... . 
Average value ......... . 

Direct Intereleetrode Capacitances: 
Triode Unit: 

SEAS 
4.7 
0.6 
11 

6EAS 
6.3 

0.45 
11 

19EAS 
18.9 
0.15 

11 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Unshielded Shielded 

volta 
ampere 
seconds 

volts 
volt. 

Grid to Plate............. ...... ... .. .. ........ 1.7 1.7 pF 
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield 3 3.2 pF 
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ...... 1.4 1.9 pF 
Cathode to Heater ............................. 3 3" pF 

Pentode Unit: 
Grid No.1 to Plate .......................... 0.02 max 0.01 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............. 5 5 pF 
Plate to Cathode, Heater, Grid No.2, Gdd No.3, 

and Internal Shield ......................... 2.6 3.4 pF 
Heater to Cathode ............................. 3 3" pF 

• With external shield connected to cathode of unit under test except as noted. 
" With external shield connected to ground. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 volta 
Grid-No.2 Voltage ................................. See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volta 
Plate Dissipation .................................. 2.5 3.1 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volta .......... 0.55 watt 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

TYPE 6EAS 
TRIODE UNIT 

TYPE 6EAS 
GRID-No.2 VOLTS =125 

::! 50,1--l---.j1---I--I 
ILl 
11. 

~ 40,1-_j1-_+--+
:::; 
i 3011----1--1-

ILl 
~20'1--j1--+~~~4-~~~ 

i 

o 
92CS-9866TI 

I .... 

l lb 

I<- [:;;'I( 

--

10 
-0.5 

GRID-No.1 VOL:r~ ;g.-I I--

-1.5 

-I "Jca~ -3 

-".3 
-2 - - .... 4 - 6 

100 200 300 400 
PLATE VOLTS 92CS-'8e1T1 
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CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Voltage ................................ . 

150 

Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................. . 56 
Amplification Factor .............................. . 40 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 

5000 
8500 

Plate Current .................................... . 18 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate current of 10 /LA ....... . -12 

6EB8 HIGH-MU TRIODE
SHAR~CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. Pentode unit is used as 
video output amplifier; triode unit is used in sync
separator, sync-clipper, and phase-inverter circuits. 
Outlines section, 6E; requires miniature 9-contact 
socket. 

M:::~ d:;~:~t .(a~~~c~ .. : :::: ::::::::::::::::: ::::::::: ::::::::: 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............................................. . 
Grid to Cathode and Heater ................................. . 
Plate to Cathode and Heater ................................ . 

PentodeUnit: . 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Triode Grid to Pentode Plate _ ................................ . 
Pentode Grid No.1 to Triode Plate ............................ . 
Pentode Plate to Triode Plate ................................ . 

Class Al Amplifier 

125 
125 
-1 

200000 
6400 

12 
4 

-9 

9DX 

6.3 
0.75 

±200max 
100 max 

4.4 
2.4 

0.36 

0.1 max 

11 

4.2 
0.018 max 
0.005 max 

0.17 max 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 

volts 
volts 
volt 

ohms 

ohms 
/Lmho8 

mA 
mA 

volts 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
pF 
pF 

Plate Voltage ..................................... 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage............ 330 volts 
Grid-No.2 Voltage ................................. See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation ................................. 1 5 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .......... 1.1 watts 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ......................... . 
Grid Voltage ..................................... . 
Cathode-Bias Resistor ....... _ .................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ..................................... . 
Grid-No.2 Current ................................ . 
Grid Voltage (Approx.) for plate current of 20 /LA .. 
Grid-No.1 Voltage (Approx.) for plate current of 

100/LA ....................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .... 
For cathode-bias operation .. 

250 

-2 

100 
37000 

2700 
2 

-5 

0.5 
1 

200 
125 

68 

75000 
12500 

25 
7 

-9 

0.25 
1 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 
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TVPE6EB8 
PENTODE UNIT 
GRID-No. 2 VOLTS -125 

Ib ~()\"TSEC"O 
-I 

~~t-\ IC2 -2 

wr GRID-No I VOLTS ECI=O .,.3 g Ib r-j-l-- - f--14 
EC·-5 

o 100 200 300 400 
PLATE VOLTS 92CS-9906T 

l:l25 
II: .... 
~ 20 
« 
j 15 
~ 

~ 10 
...J 
Q. 5 

o 

TYPE GESS 
TRIODE UNIT 

0 
~c:L 

~o'!/ 
r§-\Q 

//~ 

~ V ~ -:1----~ 
100 200 300 

PLATE VOLTS 

261 

V 

? 
~ -
~ ~ 

400 
92CS-9907TI 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6EH4A. 

6EC4A/ EY500 

6EH4 

BEAM TRIODE 6EH4A 

12 

H 

12FA 

Duodecar type used as a shunt regulator in the high
voltage power supply of color television receivers. Out
lines section, 16G; requires duodecar 12-contact socket. 
For high-voltage and X-ray safety considerations, refer 
to page 93. This type is electrically identical with type 
6EJ4A. 

6EHS 
POWER PENTODE 15EHS, SOEHS 

Miniature type used in the audio output stage of 
radio and television receivers and in phonographs. 
Outlines section, 5D; requires miniature 7-contact 
socket. Types 25EH5 and 50EH5 are identical with 
type 6EH5 except for heater ratings. 

Heater Voltage (ae/dc) ............... . 
Heater Current ........................ . 
Heater-Cathode Voltage: 

Peak value ......................... . 
Average value ..................... . 

6EH5 
6.3 
1.2 

±200max 
100 max 

25EH5 
25 

0.3 
±200 max 

100 max 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode. Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... . 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION 
Plate Supply Voltage ........................................... . 
Grid-No.2 Supply Voltage ....................................... . 
Cathode-Bias Resistor .......................................... . 
Peak AF Grid-No.1 Voltage ..................................... . 

50EH5 
50 

0.15 
±200 max 

100 max 

0.65 
17 

9 

150 
130 
5.5 

2 
220 

110 
115 

62 
3 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volt. 

watts 
watts 

·C 

volts 
volts 
obms 
volts 
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Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Cunent ................................. . 
Zero-Signal Grid-No.2 Current . . .............. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance ............... ~ ............................. " .. 
. Load Resistance ............................................... . 
Total Harmonic Distortion ...................................... . 
Maximum-Signal Power Output ................................. . 

TYPE 6EH5 
GRID-No.2 VOLTS-1I5 

\ I 
~ O,! s E~ .-1 
III 

i<;RID-No.l VOLT ---

'- .r - -2-- -3 ~ \ -4f--.t - ..!~ ECI"O 
1/-2 ~ - I - - ~~ -6 -o 20 40 60 80 100 120 140 160 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

PLATE VOLTS 92CS-9623T 

For fixed-bias operation ..................................... . 
For cathode-bias operation .................................. . 

42 
42 

11.5 
14.6 

11000 
14600 

3000 
7 

1.4 

0.1 
0.6 

Push-Pull Class ABI Audio-Frequency Power Amplifier 
MAXIMUM RATINGS (Same as for Class Al audio-frequency power amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ..................................... . 
Grid-No.2 Supply Voltage ............................... . 
Cathode-Bias Resistor ........................................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Effective Load Resistance (Plate-to-plate) ....................... . 
Total Harmonic Distortion ...................................... . 
Maximum-Signal Power Output ................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation .................................. . 

140 
120 

68 
9.4 
47 
51 
11 

17.7 
6000 

6 
3.8 

0.1 
0.5 

6EH7 
Refer to chart at end of section. 

6EH71 
EF183 

JEH7/XFl83, 
4EH7/LFl83 

For replacement use type 6EH7/EF183. 

SEMIREMOTE-CUTOFF 
PENTODE 

Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 9AG 

mA 
mA 
mA 
mA 

ohms 
IImhos 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 
ohms 
volts 

mA 
mA 
mA 
rnA 

ohms 
per cent 

watts 

megohm 
megohm 

6Cj requires miniature 9-contact socket. Types 3EH7/XF183 and 4EH7/ 
LF183 are identical with type 6EH7/EF183 except for heater ratings. 
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Heater Voltage (ae/de) .................... . 
Heater Current ............................ . 
Peak Hea ter-Ca thode Voltage 
Direct Interelectrode Capacitances: 

3EH7/ 
XF183 

3.4 
0.6 

±150 max 

4EH7/ 
LF183 

4.4 
0.45 

±150 max 

Grid No.1 to Pla~.. .... . ......... . 
Grid No.1 to Cathode, Heater, Grid No.2, G,:id' N~:3: ;"~d 

PI~~~e\~aIC~~~~~e,' H~ai~~, Grid No.2, Grid 'N~:3: ·..;,",d········ 
Internal Shield .... 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage 
Plate Voltage .................................................. . 
Grid-No_3 (Suppressor-Grid) Voltage, Positive value ............. . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage ....................................... . 
Cathode Current .......................................... . 
Plate Dissipation. . ......................................... . 
Grid-No.2 Input .. . ......................................... . 

CHARACTERISTICS 

6EH7/ 
EF183 

6.3 
0.3 

±150 max 

0.005 max 

9 

3 

550 
250 

o 
550 
250 

20 
2.6 

0.65 

263 

volls 
ampere 

volts 

pF 

pF 

pF 

volts 
volts 
volts 
volts 
volts 

mA 
watts 
watt 

Plate Voltage ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 volts 
Grid No.3 ........ . . . . . . . . . . . . . . . . . . . . . . . . .. Connected to cathode at socket 
Grid-No.2 Voltage ............................................... 90 volts 
Grid-No.1 Voltage ........ ... ........... -2 volts 
Plate Resistance (Approx.) . ............ 0.5 megohm 
Transconductance ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12500 .umhos 
Plate Current ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 mA 
Grid-No.2 Current ... 4.5 mA 

TYPICAL OPERATION 
Plate Voltage .......... . 
Grid No.3 .............. . 
Grid-NO.2 Supply Voltage 
Grid-No.2 Series Resistor ...... . .. . 
Grid-No.1 Voltage .................. . 
Transconductance ... . ...... . 
RMS Grid-NO.1 Voltage, for 

cross-modulation factor of 0.01 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance .... 

200 200 200 200 
Connected to cathode at socket 

200 200 200 200 
22000 22000 22000 22000 

-19.5 -9.5 -6.5 -2 
125 625 1250 12500 

450 160 100 

Refer to chart at end of section. 6EH8 

Refer to chart at end of section. 6EJ4A 

Refer to chart at end of section. 
For replacement use type 6EJ7/EF184. 6EJ7 

volts 

volts 
ohms 
volt:>; 

,umbos 

mV 

megohm 

H SHARP-CUTOFF PENTODE 
6EJ71 
EF184 

9AQ 

3EJ7/XF184, 
4EJ7/LFl84 

Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 
6C; requires miniature 9-contact socket. Types 3EJ7/ 
XF184 and 4EJ7/LF184 are identical with type 6EJ7/ 
EF184 except for heater ratings. 

4EJ7/ 
LF184 

Heater Voltage (ae/de) .................... . 

3EJ7/ 
XF184 

3.4 
0.6 

±150 max 

4.4 
0.45 

±150 max 

6EJ7/ 
EF184 
6.3 
0.3 

volts 
ampere 

volts 
Heater Current ............................ . 
Peak Heater-Cathode Voltage .............. . ±150 max 
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Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Catllode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Supply Voltage ......................................... . 
Plate Voltage ................................................. . 
Gl'id-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ................................ . ........ . 
Cathode Current .............................................. . 
Plate Dissipation ........ . .................................... . 
Grid-No.2 Input ............................. . ............... . 

CHARACTERISTICS 

0.005 max 

10 

550 
250 
550 
250 

25 
2.5 
0.9 

pF 

pF 

pF 

volts 
volts 
volts 
volts 

rnA 
watts 
watt 

Plate Voltage .................................... . 
Grid No.3 ... : ..................................... . 

190 200 volts 
Connected to cathode at socket 

Grid-No.2 Voltage ............................... . 190 200 volts 
Grid-No.1 Voltage ............................... . -2.35 -2.5 volts 
Plate Resistance (Approx.) ............. . 0.35 0.35 megohm 
Transconductance ............... , ............. . 15000 15000 /Lmhos 
Plate CUl'rent ............ . 10 10 rnA 
Grid-No.2 Current .............................. . 4.1 4.1 mA 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 1 

6EL4 
6EL4A 

Refer to chart at end of section. 
For replacement use type 6BK4C/6EL4A. 

6EMS 
8EMS BEAM POWER TUBE 

Miniature type used as vertical-deflection amplifier in 
television receivers utilizing picture tubes having di
agonal deflection angles of 110 degrees. Outlines sec
tion, 6G; requires miniature 9-contact socket. Type 
8EM5 is identical with type 6EM5 except for heater 
ratings. 

Heater Voltage (acldc) ......................... . 
Heater Current .................................. . 
Heater Waim-up Time (Average) ............... . 
Heater-Cathode Voltage: 

Peak value ................................ .. 
Average value ............................... . 

Direct Interelectrode Capacitances: 

6EMS 
6.3 
0.8 

±200 max 
100 max 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode. Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater. Grid No.2, and Grid No.3 

Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 60 
Grid-No.2 Voltage ............................... . 250 
Grid-No.1 Voltage ............................... . 0 
Mu Factor, Grid No.1 to Grid No.2 ............... . 
Plate Resistance ................................. . 
Transconductance ............................ , ... . 
Plate Current ................................... . 180-
Grid-No.2 Current ............................... . 30-
Grid-No.1 Voltage (Approx.) for plate current of 

0.2 rnA ..................................... . 

H 

9HN 

8EMS 
8.4 
0.6 
11 

±200max 
100 max 

0.7 max 
10 

5.1 

250 
250 

-18 
8.7 

0.05 
5100 

40 
3 

-37 
• These values ean be measured by a method involving a 
maximum I'atings of the tube will not be exceeded. 

recurrent waveform such 

megohm 

Ie 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volt. 

megohm 
/Lmhos 

rnA 
rnA 

volts 
that the 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ....... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ................................ . 
Average Cathode Curr.nt ..................... . 
Plate Dissipation .............................. . 
Grid-No.2 Input ............................................. . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

315 
2200· 

285 
250 
210 

60 
10 

1.5 
250 

265 

volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance .................................... 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• Under no circumstances should this absolute value be exceeded. 

25 
rn 

'" 0:: 

~20 
l!: 
~ 

315 
i 
~ 10 
~ 
oJ 
a. 

5 

TYPE 6EM5 
WITH EC2 AS VARIABLE 

O!-GRID-No.l VOLTS = 0 

I 
0 ~ 

Ir-
0 200 

0 ,""" 150 

o r GRID-No2 VOLTS IEC2 = 100 

ir 50 ,.. 
o 50 100 150 200 250 300 350 

PLATE VOLTS 92CS-9672T 

Refer to chart at end of section. 

TYPE 6EM5 
GRID-No.2 VOLTS' 250 

0 1 
V- I-

0 
GRID Nol VOLTS EC =~ 

\J r--
0 t Ib 10 

~ -15 
0

1
,1":. f:CI'O -20 

- ~-
... --+-.cO 

o 50 100 150 200 250 300 350 
PLATE VOLTS 92CS-9797n 

6EM7 
For replacement use type 6EM7 /6EA 7. 

6EM7/6EA7 
O E IOEM7, 

DUAL TRI D 13EM7/15EA7 

Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 

black-and-white television receivers. Outlines section, 13A; requires octal 
socket. For curve of average plate characteristics, Unit No.1, refer to type 
6DR7 (Unit No.1). Types 10EM7, and 13EM7/15EA7 are identical with 
type 6EM7/6EA7 except for heater ratings. 

Heeter Voltage (ac/de) ................... . 
6EM7/6EA7 10EM7 13EM7/15EA7 

6.3 9.7 13 volts 
Heater Current ........................... . 0.925 0.6 0.45 

11 11 Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

Peak value ........................... . ±200 max ±200 max ±200 max 
Average value ........................ . 100 max 100 max 100 max 

Direct Interelcctrode Capacitances (Approx.): 
Grid to Plate ...............................• 

Unit No.1 Unit No.2 
4.8 10 

Grid to Cathode and Heater ................. . 2.2 7 
Plate to Cathode and Heater ................... . 0.6 1.8 

ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
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CHARACTERISTICS 
Plate Voltage 
Grid Voltage 
Amplification Factor ..... . 
Plate Resistance (Approx.) 
Transconductance ........... . 
Plate Current ............... . 
Plate Current, for plate voltage of 

zero grid voltage ........ . 
Plate Current, for grid voltage of 
Grid Voltage (Approx.): 

For plate current of 10 itA 
For plate current of 100 itA 

Class A, Amplifier 
Unit No.1 

250 
-3 

64 
40000 
1600 

1.4 
60 volts and 

-28 volts 

-5.5 

Unit No.2 
150 volts 

-20 volts 
5.4 

750 ohms 
7200 /tmhos 

50 rnA 

95 rnA 
10 rnA 

volts 
-45 volts 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXiMUM RATINGS (Design·Maximum Values) 
DC Plate Voltage 
Peak Positive-Pulse Plate· V ';It~g~# 
Peak Negative-Pulse Grid Voltage 
Peak Cathode Current ... 
Average Cathode Current 
Plate Dissipation 

MAXIMUM CIRCUIT VALUES 

Unit No.1 
Oscillator 

330 

400 
77 
22 

1.5 

Unit No.2 
Amplifier 

330 
1500 

250 
175 

50 
10 

volts 
volts 
volts 

rnA 
rnA 

watts 

Grid-Circuit Resistance: Unit No.1 Unit No.2 
For grid-resistor-bias operation 2.2 2.2 megohms 
For cathode-bias operation 2.2 2.2 megohms 

# Pulse duration must not exceed 15(;c of a vertical scanning cycle (2.5 milliseconds). 

TYPE 6EM7 
UNIT No.2 

150 

13 12 .L~ ,:; 
I-{t: 

-.J 

5~g 

0: 

~ 100 
::IE ...: 
37 
lil 

·1 
~ II gj 

5 / / J 
1/ V V 

hJ 50 
!;;: 
oJ 
a.. 2 

I-~ ~ ~I 

'/ 1/,0/ ~o 
/ / I ,~~9.-l--

II VA/[/( 
o 100 200 aoo 400 

PLATE VOI.TS 92CS-I0466T 

6EN4 SHARP-CUTOFF 
BEAM TRIODE 

Glass octal type used as a shunt voltage-regulator tube 
in the high-voltage power supply of color television re
ceivers. Outlines section, 21B; requires octal socket. 
Socket terminals 3, 4, and 8 should not be used as tie 
points. For high voltage and X-ray safety considera
tions, refer to page 93. 

Heater Voltage (ac/de) 
Heater CUITent 
Peak Heater-Cathode Voltage 
Direct Interelectrode Capacitances 

Grid to Plate ......... . 
Plate to Cathode and Heater 
Grid to Cathode and Heater 

(Approx.) :~ 

0'C • G . , 
IC G , . 

2 , 
H H 

, . 
k'l$ Ie 

BNJ 
6.3 
0.2 

-450* max 

volts 
ampere 

volts 

1 
2.6 

1 

pF 
pF 
pF 
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• Series impedance should be used with the cathode to limit the cathode current under pro
longed short-circuit conditions to 450 mA. 
:\: Without external shield. 

Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .................................. . 
Unregulated DC Supply Voltage .......................... . 
DC Grid Voltage .. .... .. ... . ............................ . 

30000 
60000 
-135 

Peak Grid Voltage- ............. ........ . -440 
Average Plate Current 
Plate Dissipation ...... . 

TYPICAL OPERATION 
Unregulated DC Supply Voltage 
Equivalent Resistance of Unregulated Supply 
Voltage Divider Values: 

R1 (5 watts) ... . 
R. (2 watts) ... . 
R3 (0.5 watt) .. . 

DC ReIerence Voltage Supply ..... . 
Equivalent Resistance of Reference Voltage 
Effective Grid-Plate Transconductance 
DC Plate Current for Load Current of 0 mA 
DC Plate Current for Load Current of 1 mA ... 
Regulated DC Output Voltage for Load Current of 0 mA 
Regulated DC Output Voltage for Load Current of 1 mA 
Amplification Factor 

MAXIMUM CIRCUIT VALUE 

1.6 
40 

36000 
11 

220 
1 

0.82 
200 

1000 
200 

1000 
45 

25000 
24500 

2000 

Grid-Circuit Resistance :~ 
• For interval of 20 seconds maximum during equipment warm-up period. 

CHARACTERISTICS RANGE VALUES 

Grid Voltage (1) 
Min 
-7 

Max 

Grid Voltage (2) .... 
Grid-Voltage Change 

Note 
1 
2 
3 

-40 
9 

Note 1: With dc plate voltage of 30000 volts and de plate current of 1 rnA. 
Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 rnA. 
Note 3: Difference between grid voltage (1) and grid voltage (2)_ 

X-RADIATION CHARACTERISTIC 
X-Radiation" Maximum: 

volts 
volts 
volts 

rnA 
rnA 

watts 

volts 
megohms 

megohms 
megohm 
megohm 

volts 
ohms 

/Lmhos 
/LA 
/LA 

volts 
volts 

megohms 

volts 
volts 
volts 

Statistical value controlled on a lot sampling basis . _ . 0.5 mR/hr 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

AVERAGE TRANSFER CHARACTERISTICS 

TYPE 6EN4 
E =6.3 VOLTS 

-20 -15 

Refer to chart at end of section. 6EQ7 



268 RCA RECEIVING TUBE MANUAL 

6ERS 
HIGH-MU TRIODE 3ERS 

Miniature type with frame grid used in vhf tuners, of 
color and black-and-white television receivers. Outlines 
section 5C; requires miniature 7-contact socket. Type 
3ER5 is identical to type 6ER5 except for heater rat-

~
H4 sP 

H IS 
3 b 

G 2 ,7K 

K 

ings. 7FP 
3ER5 GER5 

Heater Voltage (ac/dc) ................................. 2.8 6.8 volts 
Heater Current ......................................... 0.45 0.18 ampere 
Peak Heater-Cathode Voltage............................ ±100 max ±100 max volts 
Dh'ect Interelectrode Capacitances: Unshielded Shielded' 

Grid to Plate ................................ 0.88 0.36 pF 
Grid to Cathode, Heater, and Internal Shield .. 4.4 4.4 pF 
Plate to Cathode, Heater, and Internal Shield .. 3 4 pF 
Grid to Heater ................................ 0.28 max 0.28 max pF 
Plate to Cathode ............................. 0.24 0.2A pF 
Cathode to Grid .............................. 8.1 3.1A pF 
Heater to Cathode ............................ 2.5 2.5A pF 

• With external shield connected to cathode' except as noted • 
• With external shield connected to ground. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................................. . 250 
Grid Voltage, Negative-bias value .............................. . 50 
Cathode Current ............................................... . 20 
Plate Dissipation .............................................. . 2.2 
CHARACTERISTICS 
Plate Voltage .................................................. . 200 
Grid Voltage .................................................. . -1.2 
Amplification Factor .......................................... . 80 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 

8000 
10500 

Plate Current ................................................. . 10 
Grid Voltage (Approx.) for transconductance of 500 /Lmhos ..... . -8.8 
Gl'id Voltage (Approx.) for transconductance of 100 /Lmhos ..... . -5.6 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance 1 

6ES5 

6ESB 

Refer to chart at end of section. 

Refer to chart at end of section. 

6ES81 
ECC189 

VARIABLE-MU TWIN TRIODE 

Miniature type used as cascode-type amplifier in tuners 
of television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 

Heater Voltage (ac/de) ......................................... 6.8 
Heater Current ................................................ 0.865 

9AJ 

Direct Interelectrode Capacitances: Unshielded Shielded· 
Grid to Plate (Each Unit) .................... 1.9 1.9 
Plate to Cathode (Each Unit) ................ 0.18 0.17 
Heater to Cathode (Each Unit)' .............• 3 3A 
Plate of Unit No.2 to Plate of Unit No.1 .... 0.04 max 0.015 max 
Plate of Unit No.2 to Grid of Unit No.1 .... 0.008max 0.008 max 
Grid of Unit No.1 to Cathode of Unit No.2 ... 0.002 max 0.002 max 

• With external shield connected to cathode of unit under test except as noted. 
A With external shield eonnected to ground. 

volts 
volts 

rnA 
watts 

volts 
volts 

ohms 
/Lmhos 

mA 
volts 
volts 

megohm 

volts 
ampere 

pF 
pF 
pF 
pF! 
pF 
pF 
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Class A, Amplifier (Each Unit) 
CHARACTERISTICS 
Plate Voltage ............................... . 
Grid Voltage ................................. . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................ . 
Plate Current ................................ . 

90 
-1.2 
2500 

12500 
15 

Cascode-Type Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

90 
-5 

625 

Plate Supply Voltage with plate current of 0 mA .............. . 
Plate Voltage (Each unit) ..................................... . 
Grid Voltage, Negative-bias value (Each unit) ................. . 
Cathode Current (Each unit) ................................. . 
Plate Dissipation (Each unit) .............................. : .. . 
Heater-Cathode Voltage: 
Unit No.1:· 

RMS voltage between cathode and heater ................. . 
Unit No.2:' 

RMS voltage between cathode and heatero ................. . 
DC voltage between cathode and heatero ................... . 

TYPICAL OPERATION in a cascode-type circuit_ 
Supply Voltage ................................................ . 
Plate Current ................................................. . 
Transconductance .............................................. . 
Noise Figure. . ................................................ . 
Grid Voltage (Approx.) for transconductance of 125 /Lmhos ... . 
Input Voltage for cross-modulation factor of 0.01 and 

transconductance of 125 /Lmhos ........................... . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance (Each unit) ...........................• 
• Grounded-cathode input unit-pins 6, 7, and 8 . 
• Grounded-grid output unit-pins 1, 2, and 3. 
o Cathode positive with respect to heater. 
_ With grid of output unit connected to a voltage divider. 
• Measured with tube operating in a television tuner. 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE 

90 
-9 

125 

550 
130 

50 
22 

1.8 

50 

50 
130 

180 
15 

12500 
6.5 
-9 

500 

6ET7 
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volts 
volts 
ohms 

/Lmhos 
mA 

volt. 
volts 
volts 

mA 
watts 

volts 

volts 
volts 

volts 
mA 

/Lmhos 
dB 

volts 

mV 

megohm 

6EU7 

9LS 

Miniature type used in high-gain, resistance-coupled, 
low-level audio-amplifier applications where low-hum 
and non-microphonic characteristics are important, 
such as microphone amplifiers and pre-amplifiers for 
phonographs. Outlines section, 6B; requires miniature 
9-contact socket. For typical operation as a resistance
coupled amplifier, refer to Resistance-Coupled Ampli
fier section. 

Heater Voltage (ac/dc) ........................................ 6.3 volts 
Heater Current ................................................. 0.3 ampere 
Heater-Cathode Voltage: 

Peak value ................................................. ±200 max volts 
Average value .............................................. 100 max volts 

Direct Interelectrode Capacitances (Each Unit, Approx.): 
Grid to Plate ............................................... 1.5 pF 
Grid to Cathode and Heater ................................ 1.6 pF 
Plate to Cathode and Heater ................................ 0.2 pF 

Equivalent Noise and Hum Voltage (Referenced to Grid, 
Each Unit): 

Average Value- ........................................... 1.8 microvolts rms 
• Measured in "true rms" units under the following conditions: Heater volts (ac), 6.3; 
center-tap of heater transformer grounded; plate supply volts, 250; plate load resistor, 
100000 ohms; cathode resistor, 2700 ohms; cathode bypass capacitor, 100 /LF; grid resistor, 
o ohms; amplifier frequency range, 25 to 10000 Hz. 
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Class A. Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ......................................... . 

Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance .................. _ ............. . 
Plate Current ................................... . 

1/1 

~ 

TYPE 6EU7 
EACH UNIT 

~ 41---1--+
::; 
~ 31---1--' 

1&1 
!c 2 
~ 

o 

100 
-1 
100 

80000 
1260 

0.6 

.2CS-I047OT 

330 volts 

55 volts 
0 watts 

1.2 watts 

250 volts 
-2 volts 
100 

62500 ohms 
1600 /Lmhos 

1.2 rnA 

6EU8 Refer to chart at end of section. 

6EV5 SHARP-CUTOFF TETRODE 
Miniature 
television 
miniature 

type used as rf amplifier in 
receivers. Outlines section, 

7-contact socket. 

vhf tuners of 
5C; requires 

Heater Voltage (ac/dc) .......................................•• 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .......................••...•..........•.•.. 

Direct Interelectrode Capacitances:A 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Internal Shield .. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield .. 

A With external shield connected to cathode. 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Gdd) Voltage, Positive-bias value ........... . 
Cathode Current ............................................... . 
Plate Dissipation .............................•................. 
Gdd-No.2 Input: 

For gl·id-No.2 voltages up to 90 volts ....................... . 
For gdd-No.2 voltages between 90 and 180 volts ........... . 

*: 5P 

H G;t 
3 b 

K K 
IS 2 I 7 IS 

GI 

lEW 
6.3 volts 
0.2 ampere 

±100max volts 
50 max volts 

0.035 max pF 
4.5 pF 
2.9 pF 

275 volts 
180 volts 
See curve page 300 

o volts 
20 rnA 

3.25 watts 

0.2 watt 
See curve page 300 
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CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (ApPl"Ox.) for transconductance of 100 /Lmhos .. 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

Refer to chart at end of section. 

250 
80 

-1 
0.15 
8800 
11.5 

0.9 
-4.5 

0.5 

6EV7 
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volt. 
volts 
volt 

megohm 
/Lmhos 

mA 
mA 

volts 

megohm 

6EW6 
4 5 

~
H P 

SHARP-CUTOFF PENTODE SEW6 

H a::: 6 C2 

2 7 
K Ca 

I IS 

C, 
7CM 

Miniature type used in the gain-controlled picture-if 
stages of vhf color and black-and-white television re
ceivers operating at an interemediate frequency in the 
order of 40 MHz. Outlines section, 5C; requires minia
ture 7-contact socket. Type 5EW6 is identical with 
type 6EW6 except for heater ratings. 

5EW6 6EW6 
Heater Voltsge (ac/dc) .................................. 5.6 6.3 volts 
Heater Current .......................................... 0.45 0.4 ampere 
Heater Warm-up Time (Average) ........................ 11 seconds 
Heater-Cathode Voltage: 

Peak value .......................................... ±200 max ±200 max volts 
Average value ........................................ 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded' 
Grid No.1 to Plate .......................... 0.04 max 0.03 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............ 10 10 pF 
Plat .. to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield .............. 2.4 3.4 pF 
• With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................................. . 
Grid No.3 (Suppressor-Grid) Voltage, Positive value ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltsge, Positive-hias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

N 

~ ~ 25 
Ia: 

0 .... 
ii: !IE 20 
"'« 
!IS:3 15 

~i 
10 

5 

o 

TYPE SEW6 
GRID No. 3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID-NIl2 VOLTS =125 

,--r--1b I I I I I 
GRID-NIlI VOLTS ECI'O I 

\ -0!5 

-0.75 

ECI'-~_ 

t "- 2Z1-- t-...,-'£):'; 
.L.5 ~IC Ib 

r. • 't'". +-. ~~-2 -I -2 

100 200 300 400 
PLATE VOLTS 92CS-9965TI 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
3.1 watts 

0.65 watt 
See curve page 300 
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CHARACTERISTICS 
:Plate Supply Voltage ......................................... . 
Grid- No.3 ............................................. Connected 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) ...................................•.. 
Transconductance .............................................. . 
Plate Current ................................................. . 
Gl'id-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 p.A ....... . 

6EW7 
IOEW7, ISEW7 DUAL TRIODE 

Miniature type used as combined vertical-deflection 
oscillator and vertical-deflector amplifier in television 
receivers. Outlines section, 6E, requires miniature 9-
contact socket. For curve of average plate characteris
tics, Unit No.1, refer to type 6DE7 (Unit No.1). Types 
10EW7 and 15EW7 are identical with type 6EW7 ex
cept for heater ratings. 

Heater Voltage (ac/dc) .......... _ ......... . 
Heater Current ........................... . 
Heater Warm-up Time ..................... . 
Heater-Cathode Voltage: 

6EW7 
6.3 
0.9 

lOEW7 
9.7 
0.6 
11 

125 
to cathode 

125 
56 

0.2 
14000 

11 
3.2 

-3.5 

9HF 

15EW7 

volt. 
at socket 

volta 
ohms 

megohm 
p.mhos 

mA 
mA 

volts 

14.8 volts 
0.45 ampere 

11 seconds 

Peak value ................................... . ±200max 
100 max 

±200 max ±200 max volts 
Average value ............................... . 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ............................... . 
Grid to Cathode and Heater ................. . 
Plate to Cathode and Heater .................. . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ...................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ...... . .......................... . 
Plate Current for plate voltage of 60 volts and zel'O 

grid voltage ................................. . 
Plate Current for grid voltage of -25 volts ....... . 
Grid Voltage (Approx.) for plate current of 10 p.A .. 
Grid Voltage (Approx.) for plate current of 100 p.A 

Unit No.1 
4.2 
2.2 
0.4 

Unit No.1 
250 

-11 
17.5 
8750 
2000 

5.5 

-20 

100 max 100 max volts 
Unit No.2 

9 
7 

1.2 

Unit No.2 
150 

-17.5 
6 

800 
7500 

45 

95 
8 

-40 

pF 
pF 
pF 

volts 
volts 

ohms 
p.mhos 

rnA 

mA 
mA 

volts 
volts 

140r----,---r---r--,.--.----r-TY~P-E-6-E-W-7.., 

120 

400 
92CS-IIII1T 



TECHNICAL DATA 273 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 

Unit No.1 
Oscillator 

330 DC Plate Voltage ................................ , 
Peak Positive-Pulse Plate Voltage# , .. ,', ....... , .. 
Peak Negative-Pulse Grid Voltage ...... , .... , .. ,. 
Peak Cathode Current ... , .. ,"',.,', ............ ,' 
Average Cathode CUl'rent ,."., .... ,",',',., .... , 
Plate Dissipation .,., ........ ,"', ..... ,." .. , ... . 

400 
77 
22 

1.5 

Unit No.2 
Amplifier 

330 
1500 

250 
175 

60 
10 

volts 
volts 
volts 

mA 
mA 

watts 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For cathode-bias operation .... , .............. . 2.2 2.2 megohms 
For grid.resistor-bias operation ............... . 2.2 2.2 megohms 

11 Pulse dUl'ation must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

DUAL TRIODE 

6EX6 

6EY6 

6EZ5 

6EZ8 

6F4 

6F5 

6F5GT 

6F6 
6F6G 

6F6GT 

6F7 

6F8G 

6FA7 

6FD7 
13FD7 

9HF 

Miniature type containing high-mu and low-mu triode 
units used as combined vertical~deflection oscillator and 
vertical-deflection amplifier in television receivers. Out
lines section, 6E; requires miniature 9-contact socket. 
Type 13FD7 is identical with type 6FD7 except for 
heater ratings. 

6FD7 13FD7 
Heater Voltage (ac/dc) , .. , .. , .. , . , , ... , .... , . , .. 6.3 13 volts 
Heater Current .......................... . 0.925 0.45 ampere 
Heater Warm-up Time (Average) ....... , ......... . 11 seconds 
Heater-Cathode Voltage: 

Peak value .. " ...... , ................ , ...... . ±200 max ±200 max volts 
Average value ............................... . 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate ..... , ........ ,', ...... , ... , .... . 4.5 10 pF 
Grid to Cathode and Heater .................. . 2.2 6.5 pF 
Plate 10 Cathode and Heater ......... . 0.4 0.2 pF 
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Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage ................................. . 
Grid Voltage ................................. . 
Amplification Factor .......................... . 
Plate R&listance (Approx.) ................... . 
Transconductance ............................. . 
Plate CUrl"ent ................................ . 
GrId Voltage (Approx.): 

For plate current of 10 /LA ............... . 
For plate current of 100 /LA .............. . 

Transconductance. For plate current of 1 mA ... . 
Plate Current. For grid voltage of -26 volts ... . 

Unit No.1 
250 
--3 

64 
40000 
1600 

1.6' 

-5.5 

Unit No.2 
60 160 
o -17.5 

6 
800 

7600 
40 

-40 
500 

6 

volts 
volt. 

ohms 
/Lmhos 

mA 

volts 
volts 

/Lmh08 
mA 

- This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a recurrent waveform such that the 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-Iine, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 

Unit No.1 
Oscillator 

330 DC Plate Voltage .. " ..... "., .. " ............... . 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode Current ........................... . 
Average Cathode Current ........................ . 
Plate Dissipation ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

400 
70 
20 

1.5 

Unit No.2 
Amplifier 

330 
1600 
250 
176 

50 
10 

volts 
volts 
volts 

mA 
mA 

watts 

For grid-l'esistor-bias or cathode-bias operation 2.2 2.2 megohms 
# Pulse duration must not exceed 16% of a vertical scanning cycle (2.6 milliseconds). 

6FE5 Refer to chart at end of section. 

6FG6/EM84 Refer to chart at end of section. 

6fG7 
5FG7 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in vhf color and black-and-white television re
ceivers. Outlines section, 6B; requires miniature 9-con
tact socket. Type 5FG7 is identical with type 6FG7 ex
cept for heater ratings. 

Heater Voltage (ac/dc) .........................•. 
Heater Current .................................. . 
Heater Warm-up Time (Average) .............••.. 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............................. .. 
Grid to Cathode. Pentode Grid No.3. and Heater 
Plate to Cathode. Pentode Grid No.3. and Heater 

Pentode Unit: 
Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode. Grid No.3. Grid No.2, 

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

and Heater ................................ . 
Heater to Cathode. and Pentode Grid No.3 . _ ... . 

• With external shield connected to cathode except as 
- With external shield connected to ground. 

5FG7 
4.7 
0.6 
11 

±200 max 
100 max 

1.8 
II 

1.3 

0.02 max 

6 

2.4 
6 

noted . 

6FG7 
6.3 

0.46 
11 

9GF 

±200max 
100 max 

1.8 
3 

1.9 

0.01 max 

6 

3.4 
6-

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
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Class At Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

Triode Unit Pentode Unit 
330 330 

o 
2.5 

330 
See curve page 300 

o 
3 

See curve page 300 
0.55 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Voltage ................................. 125 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltage ............................. . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of30p.A ................................. . 

-1 
43 

5700 
7500 

13 

-6.5 

H 3 6 IS 

HIGH-MU TRIODE 

100 125 
100 125 

o -1 

- 180000 
7400 6000 

11 
4 

-7.5 

6FH5 
2FH5 

275 

volts 
volts 

volts 
watts 

watt 

volts 
volt. 
volt. 

ohms 
"mhos 

mA 
mA 

volts 

*H4 ~p 

G 2 I 7K 

7FP 

Miniature type used as an rf amplifier in vhf tuners of 
color and black-and-white television receivers. Outlines 
section, 5C; requires 7-contact socket. Type 2FHS is 
identical to type 6FH5 except for heater ratings. 

2FH5 6FH5 
Heater Voltage (acldc) ................................... 2.35 6.3 volt. 
Heater Current ........................................... 0.6 0.2 ampere 
Heater Warm-up Time (Average) ......................... 11 seconds 
Peak Heater-Cathode Voltage ............................. ±100 max ±100 max volts 
Direct Interelectrode Capacitances (Approx.): Unshielded Shielded-

Grid to Plate ................................ 0.52 0.52 
Grid to Cathode, Heater, and Internal Shield .. 3.2 3.2 
Plate to Cathode, Heater, and Internal Shield .. 3.2 4. 

- With external shield connected to Pin 1. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ............................. . 
Cathode Current .................. . ........................... . 
Plate Dissipation .............................................. . 

35r---------r--.---r--r--.---r--, 
TYPE 6FH5 

301---.---.--f7.GI H--f---f---+--f---I 

~ 251--t--+~ 
II! 
~ 201--+--1 

~ 15 

92CS- I03~5TI 

150 
o 

22 
2.2 

pF 
pF 
pF 

volts 
volt. 

mA 
watts 
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CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage .................................................. . 
Plate Resistance (Approx.) .................................... . 
Transconductar.lce .......................................... . 
Amplification Factor ........................................... . 
Plate Current ................................................. . 
Grid, Voltage (Approx.) for plate current of 100 /LA ............. . 

MAXIMUM CIRCUIT VALUE 
Grid~Circuit Resistance, for cathode ... bias operation ............... . 

6FH8 MEDIUM-MU TRIODE
THREE-PLATE TETRODE 

Miniature type used in complex-wave generator appli
cations and in television receiver applications. Sharp
cutoff tetrode unit has pair of additional plates. Out
lines section, 6B; requires 9-contact socket. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Direct Interelectl'ode Capacitances: o 

Triode Unit: 
Grid to Plate ............................................. . 
Grid to Cathode and Heater ................................ . 
Plate to Cathode and Heater ............................... . 

Tetrode Unit: 

135 
-1 

5600 
9000 

50 
11 

-5.5 

1 

6.3 
0.45 

1.4 
2.6 

1 

9KP 

Grid No.1 to Plate No.2 ................................... . 0.06 max 
Grid No.1 to Cathode, Heater, Grid No.2, Plate No.1A, and 

Plate No.1B ............................................. . 
Plate No.2 to Cathode, Heater, Grid No.2, Plate No.1A, and 

Plate No.1B ............................................. . 
Tetrode Grid No.1 to Triode Plate ........................... . 
Tetrode Plate No.2 to Triode Plate ................. . 

• With external shield connected to cathode. 

CHARACTERISTICS 
Class Al Amplifier 

Triode Unit 

4.5 

1.4 
0.35 max 

0.008 max 

Plate Voltage .................................................. 100 
Grid Voltage .......... , ...................................... -1 
Amplification Factor ............................................ 40 
Plate Resistance (Approx.) ..................................... 7400 
Transconductance . ............................................. 5400 
Plate Cm'rent .................................................. 7.9 
Grid Voltage (Approx.) for plate current of 100 /LA ............. -7 

volts 
volts 
ohms 

/Lmhos 

rnA 
volts 

megohm 

volts 
ampere 

pF 
pF 
pF 

pF 

pF 

pF 
pF 

volts 
volt 

ohms 
/Lrnhos 

rnA 
volts 

Tetrode Unit with Plates No.1A and No.1B Connected to Cathode at Socket 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate-No.2 Voltage ............................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Plate-No.2 Resistance (Approx.) ............................... . 
Transconductance, Grid No.1 to Plate No.2 .. . ............... . 
Plate-No.2 Current ............................................ . 
Grid-No.2 Current ............................................ . 
Grid-No.1 Voltage (Approx.) for plate-No.2 current of 100 /LA .. 

Complex-Wave Generator 

250 
250 
-2 

0.75 
4400 

7.3 
1.4 
-7 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit 
Plate Voltage .................................... 275 
Plate-No.1A Voltage .............................. 200 
Plate-No.lB Voltage .............................. 200 
Plate-No.2 Voltage ............. ................. 275 
Grid-No.2 (Screen-Grid) Supply Voltage ........... 275 

volts 
volts 
volts 

megohm 
/Lmhos 

rnA 
rnA 

volts 

volts 
volts 
volts 
volts 
volts 

Grid-No.2 Voltage . . . . . . . . . . . . . . . . . . . . . . . . See curve page 300 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ........................... -40 -40 
Positive-bias value ............................ 0 0 

Plate Dissipation ............................... 1. 7 
Plate-No.1A Dissipation ........................... 0.3 
Plate-No.lB Dissipation ........................... 0.3 
Plate-No.2 Dissipation ...... . . . . . . . . . . . . . . . . . . 2.3 

volts 
volts 

watts 
watt 
watt 

watts 



TECHNICAL DATA 

Grid-No.2 Input: 
0.45 For grid-No.2 voltages up to 137.5 volts ....... . 

For grid-No.2 voltages between 137.5 and 275 volts See curve page 300 

TYPICAL OPERATION WITH SEPARATE PLATE OPERATION 
Plates-No.1A, No.1B, and No.2 Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage ............................................. . 
Plate-No.1A Current .......................................... . 
Plate-No.1B Cm'rent .......................................... . 
Plate-No.2 Current ............................................ . 
Grid-No.2 Current ............................................. . 
Transconductance (Approx.): 

Grid No.1 to Plate No.1A ................................. . 
Grid No.1 to Plate No.1B ................................. . 
Grid No.1 to Plate No.2 ................................... . 

Tetrode Unit 
100 

50 
-1 
0.04 
0.04 
1.6 
0.3 

70 
70 

2500 

MAXIMUM CIRCUIT VALUES Triode Unit Tetrode Unit 

277 

watt 

volts 
volts 
volts 
mA 
mA 
mA 
mA 

/Lmhos 
/Lmhos 
/Lmhos 

Grid-No.1-Circuit Resistance, for fixed-bias operation ..... 0.5 0.5 megohm 

Refer to chart at end of section. 6FJ7 

6FM7 Ie 
DUAL TRIODE 13FM7/1SFM7 

I 

H 

12EJ 

Duodecar type used as combined vertical-deflection os
cillator and vertical-deflection amplifier in color and 
black-and-white television receivers. Triode unit No.1 
is used as an oscillator, and triode unit No.2 is used 
as an amplifier. Outlines section, 8C; requires duodecar 
12-contact socket. Type 13FM7/15FM7 is identical with 
type 6FM7 except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

Average value ............................... . 
Peak value ................................... . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid Voltage (Approx.) for plate current of 20 /LA .. 
Grid Voltage (Approx.) for plate current of 200 /LA . 

6FM7 
6.3 

1.05 

±200 max 
100 max 

Unit No.1 
250 
-3 

66 
30000 

2200 
2 

-5.3 

13FM7/15FM7 
13 

0.45 
11 

±200 max 
100 max 

Unit No.2 
175 

-25 
5.5 
920 

6000 
40 

-45 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................ . 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Plate Voltage ................ . 
Peak Cathode Current ............................ . 
Average Cathode Current ......................... . 
Plate Dissipationt ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Unit No.1 
Oscillator 

350 

400 

Unit No.2 
Amplifier 

500 
1500 
250 
175 
50 
10 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 

ohms 
/Lmhos 

mA 
volts 
volts 

volts 
volts 
volts 
mA 
mA 

watts 

For fixed-bias operation .................... . . 1 1 megohm 
For cathode-bias operation ..................... 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 
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6FM8 .Refer to chart at end of .section. 

Refer to chart at end of section. 
6FQSA For replacement .use type 6GK5/6FQ5A. 

6FQ7 

6FQ71 
6CG7 

8FQ7/8CG7, UFQ7 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

Miniature type used as combined vertical- and horizon
tal-deflection oscillator in color and black-and-white 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. Types 8FQ7/8CG7 and 9LP 
12FQ7 are identical with type 6FQ7/6CG7 except for heatel' ratings. For 
typical operation as a resistance-coupled amplifier, refer to Resistance
Coupled Amplifier section. 

6FQ7/6CG7 8FQ7/8CG7 
Heater Voltage (ac/de) .............. 6.3 8.4 
Heater Current ...................... 0.6 0.45 
Heater. Warm-up Time (Average) .... 11 
Heater-Cathode Voltage: 

Peak value ..................... ±200 max ±200 max 
Average value .................. 100 max 100 max 

Direct Interelectrode Capacitances (Appl'ox.): Unit No.1 
Grid to· Plate .................................. 3.6 
Grid to Cathode and Heater .................. 2.4 
Plate to Cathode and Heater. . . . . . . . . . . . . . . . . ... 0.34 
Plate of Unit No.1 to Plate of Unit No.2 ....... 1 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ....... . ........................................ . 
Grid Voltage, Positive-bias value ............................... . 
Cathode Current ............................................... . 
Plate Dissipation: 

For either plate ........................................... . 
For both plates with both units operating .................... . 

CHARACTERISTICS 
Plate Voltage ..................................... . 
Grid Voltage ..................................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ........................ . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid Voltage (Approx.) for plate current of 10 /LA .. . 
Plate Current for grid voltage of -12.5 volts ..... 

MAXIMUM CIRCUIT VALUE 

90 
o 

20 
6700 
3000 

10 
-7 

Grid Circuit Resistance, for fixed-bias operation ................. . 

Oscillator 
For operation in a 525-line, 30-frame system 

Vertical-
Deftedion 

MAXIMUM RATINGS (Design-Maximum Values) Oscillator 
DC Plate Voltage ................................. . 330 
Peak Negative-Pulse Grid Voltage ................. . 440 
Peak Cathode Current ............................. . 77 
Average Cathode Current ......................... . 22 
Plate Dissipation: 

For either plate ............................... . 4 
For both plates with both units operating 5.7 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance .... 2.2 

12FQ7 
12.6 

0.3 

±200 max 
100 max 

Unit No.2 
3.8 
2.4 

0.26 

330 
o 

22 

4 
5.7 

250 
-8 

20 
7700 
2600 

9 
-18 

1.3 

1 

Horizontal-
Deftedion 
Oscillator 

330 
660 
330 

22 

4 
5.7 

2.2 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 

volts 
volts 
mA 

watts 
watts 

volt. 
volt. 

ohm. 
/Lmhos 

mA 
volts 

mA 

megohm 

volts 
volts 

rnA 
mA 

watts 
watts 

megohms 
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TYPE 6FQ7/6CG7 
FOR EACH UNIT 

30~~--.--.---r--~-+--+-~--~ 

[3 
~ 251--1--+--1 
::!i 
<[ 20f---t-+ 
:3 
~ 15 
w 

j IOf--1~~-I1-~tf~f-~~~ 
a. 

92CS-8442T 
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BEAM HEXODE 6FSS 

7GA 

lFSS, 3FSS 

Miniature type used as rf-amplifier tube in vhf tele
vision receivers. In this tube, grid No.1 is the control 
grid, grid No.2 is a focusing grid, grid No.3 is the 
screen grid, and grid No.4 is the suppressor grid. 
Grid No.2 is internally connected to the cathode and 
grid No.4 and aligned with grid No.3 Outlines section, 
fiC; requires miniature 7-contact socket. Types 2FS5 
and 3FS5 are identical with type 6FS5 except for 
heater ratings. 

Heater Voitage (ac/dc) .................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

2),'S5 
2.4 
0.6 
11 

3FS5 
2.9 

0.45 
11 

6FS5 
6.3 
0.2 

Peak value ............................ . ±200 max ±200 max ±200 max 
Average value ........................ . 100 max 100 max 100 max 

Direct Interelectrode Capacitances: Shielded Unshielded. 
Grid No.1 to Plate ............................ . 0.03 0.016 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Grid No.4 ........................ . 
Plate to Cathode, Heatel', Grid No.2, Grid No.3, 

and Grid No.4 .............................. . 
• With external shield connected to pin 7. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

4.8 

2 

Plate Voltage .................................................. . 
Grid-No.3 (ScI·een.Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative ... bias value ........................................ . 
Positive-bias value .......................................... . 

Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
Grid-No.3 Input ................................................ . 

CHARACTERISTICS 
Flate Voltage .................................................. . 
Grid-No.3 Voltage .............................................. . 
Grid-No.1 Voltage .............................................. . 
Plate Resistance (Approx.) ..................................... . 
Trans('onductance .............................................. . 
Plate Current .................................................. . 
Grid-No.3 Current .............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 100 pmhos .. . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for fixed-bias operation 

Refer to chart at end of section. 

4.8 

2.8 

300 
150 

50 
0 

20 
3.25 
0.15 

275 
135 

-0.2 
0.24 

10000 
9 

0.17 
-5 

0.5 

6FV6 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

volts 
volts 

volts 
volts 

mA 
watts 
watt 

volts 
volts 
volt 

megohm 
pmhos 

rnA 
rnA 

volts 

megohnl 
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6FV8 

6FV8A 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6BR8A/6FV8A. 

6FW5 

6FW8 

6FY5/EC97 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6FY7 DUAL TRIODE 
llFY7, 15FY7 

Duodecar type used as combined vertical-deflection os
cillator and vertical-deflection amplifier in television 
receivers. Triode unit No.1 is used as an oscillator, 
and triode unit No.2 is used as an amplifier. Outlines 
section, 8D; requires duo decal' 12-contact socket. Types 
llFY7 and 15FY7 are identical with type 6FY7 except 
for heater ratings. 

He 

I 
H 

12EO 
15FY7 

Heater Voltage (ac/dc) ................... . 
6FY7 

6.3 
1.05 

llFY7 
11 
0.6 
11 

14.7 volts 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 

0.45 amperes 
11 seconds 

Heater-Cathode Voltage: 
Peak value ........................... . ±200 max 

100 max 
±200 max ±200 max volts 

Average value ......................... . 100 max 100 max volts 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor .............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid Voltage (Approx.) for plate current of 30 /LA .. 
Grid Voltage (Approx.) for plate current of 50 /LA .. 
Plate Current (Approx.) for grid voltage of -25 volts 

Unit No.1 
250 
-3 

65 
40500 

1600 
1.4 

-5.5 

Unit No.2 
150 

-17.5 
6 

920 
6500 

35 

-36 
6 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Voltage ................................. . 
Peak Positive-Pulse Plate Voltage# ............... . 
Peak Negative-Pulse Plate Voltage ............... . 
Peak Cathode Current ............................. . 
Average Cathode Current ......................... . 
Plate Dissipation ................................. . 

MAXIMUM CIRCUIT VALUES 

Unit No.1 
Oscillator 

330 

400 
70 
20 
1 

Unit No.2 
Amplifier 

275 
2000 

250 
175 
50 
7t 

volts 
volts 

ohms 
/Lmhos 

rnA 
volts 
volts 

mA 

volts 
volts 
volts 
rnA 
rnA 

watts 

Gdd·Circuit Resistance ............................ 2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6G6G 

6Gll 

6GB3A 

6GB5 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6BQ6GTB/6CU6. 

Refer to chart at end of section. 
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6GBS/ 
ELSOO 

13GB5/XLSOO, 
18GB51LL500 
27GB5/PL500 

H 

9NH 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 35B; requires 
neonoval 9-contact socket. Typical instantaneous char
acteristics (measured with recurrent waveform such 
that maximum ratings are not exceeded): plate volts, 
75; grid-No.2 volts, 200; grid-No.1 volts, -10; plate 
rnA, 440; grid-No.2 rnA, 37. Types 13GB5/XL500, 
18GB5!LL500 and 27GB5/PL500 are identical with type 
6GB5!EL500 except for heater ratings. 

6GB5/ 13GB5/ 18GB5/ 
EL500 XL500 LL500 

Heater Voltage (ac/dc) ............. . 6.3 13.3 18 
Heater Current .................... . 1.38 0.6 0.45 
Heater-Cathode Voltage: 

27GB5/ 
PL500 

27 
0.3 

volts 
amperes 

Peak value ............ ,. 
A verage value ................. . 

±250 max 
125 max 

±250 max 
125 max 

±250 max 
125 max 

±250 max volts 
125 max volt. 

Horizontal-Deflection Amplifier 
For operation in n 525 .. line, 30 .. frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Voltage ................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage. 
Average Cathode Current ....................................... . 
Plate Dissipation" .............................................. . 
Grid-No.2 Input. . .............................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

275 
7700 

275 
275 

17 
5 

volt. 
volts 
volts 

mA 
watts 
watts 

Without grid current ........................................ 0.5 megohm 
With grid current (horizontal-output service only) ............ 2.2 megohm. 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
... A bias resistor 01' other means is required to protect the tube in absence of excitation • 
• Grid ... No.2 input may reach 6 watts for plate-dissipation values below 11 watts. 

For l'eplacement use type 6GW6/6DQ6B. 6GB6 

For replacement use type 6GW6/6DQ6B. 6GB7 

H 

BEAM POWER TUBE 6GCS 

9EU 

Miniature type used in color and black-and-white tele
vision receiver applications and as output tube in 
audio-amplifier applications. Outlines section, 6E, re
quires miniature 9-contact socket. 

Heater Voltage (ac/dc) ......................................... . 6.3 volt. 
Heater Current ................................................. . 1.2 amperes 
Heater-Cathode Voltage: 

Peak value ................................................. . ±200 max volts 
Average value ............................................. . 100 max volts 

. Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate .......................................... . 0.9 pF 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... . 18 pF 
Plate to Cathode. Heater, Grid No.2, and Grid No.3 ........... . 7 pF 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Load Resistance .................................. . 
Total Harmonic Distortion . . ................... . 
Maximum-Signal Power Output ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

110 
110 

-7.5 

7.5 
49 
50 
4 

10 
13000 

8000 
2000 

10 
2.1 

For fixed-bias operation ....... ,"',.,.,",.,"', ..... ,." .. ,. 
For cathode-bias operation .. ,."',', .. ,.',.,,, .... , .. , ...... . 

6GES BEAM POWER TUBE 
lZGE5. 17GB! 

Duodecar type used as horizontal-deflection-amplifier 
tube in television receivers. Outlines section. 15A; re
quires duodecar 12-contact socket. Types 12GE5 and 
17GE5 are identical with type 6GE5 except for heater 
ratings. 

Heater Voltage (acldc) ".,',., ............ . 
Heater Current " .. ,"',.,""", ... , ...... , 
Heater Warm-up Time (Average) .,., ....... . 

6GE5 
6.3 
1.2 

12GE5 
12.6 

0.6 
11 

220 
140 

12 
1.4 

200 
125 

180 
8.5 
46 
47 

2.2 
8.5 

28000 
8000 
4000 

10 
3.8 

0.1 
0.5 

17GE5 
16.8 
0.45 

11 

12BJ 

Hea~~~~a~.:I~~ ~rl~ge.', ... , ..... , ... , ...... . ±200 max ±200 max ±200 max 
Average value .. , ........ ' .. ' .. , ....... . 100 max 100 max 100 max 

Class Ai Amplifier 
Pentode Triode-

CHARACTERISTICS Connection Connection 
Plate Voltage .' .... ,' ... ,., ................... . 60 250 150 
Grid-No.2 (Screen-Grid) Voltage ... , ........... . 150 150 150 

0 -22.5 
4.4 

Grid-No.1 (Control-Grid) Voltage .. , ........... . 
Amplification Factor .......................... . 

18000 
7300 

Plate Resistance (Approx.) .. , .... ,., .......... . 
Transconductance ." ........ , ..... , ........... . 
Plate Current , .... , .... ,.,., .................. . 345- 65 
Grid-No.2 Current ., ...... , .. " .. "., .......... . 27- 1.8 
Grid-No.1 Voltage (Approx.) for plate current 

of 1m A ................................... . -42 
- Grid No.2 tied to plate. 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
ohms 
volts 

mA 
mA 
mA 
mA 

ohms 
pmhos 

ohms 
per cent 

watts 

megohm 
megohm 

volt. 
amperes 
seconds 

volts 
volts 

volts 
volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

- This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...... , ............ , ................... . 
Peak .Positive-Pulse Plate Voltage# .. , ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 Voltage .......... , ............................... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 

770 
6500 
1500 

220 
330 

volts 
volts 
volts 
volts 
volts 
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DC Grid-No.1 Voltage .......................................... . 
Peak Cathode Current .......................................... . 
Average Cathode Current ...................... ·.················ 
Plate Dissipationt ............................................. . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1 Circuit Resistance .................................... . 

-65 
550 
175 

17.5 
3.5 

200 

283 

volts 
rnA 
rnA 

watts 
watts 

·C 

megohm 

*' Pulse duration must not exceed 15% of a horiz(;ntal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6GF5 

Refer to chart at end of section. 6GF7 

H 

Ne DUAL TRIODE 6GF7A 
10GF7A, 13GF7A 

N ovar types used as combined vertical-deflection oscii-
9QD lator and vertical-deflection amplifiers in color and 

black-and-white television receivers. Outlines section, 30A; requires novar 
9-contact socket. For curves of average plate characteristics for Unit No.1 
and Unit NO.2, refer to types 6DR7 (Unit No.1) and 6EM7, respectively. 
Types 10GF7A and 13GF7A are identical with type 6GF7A except for 
heater ratings. 

6GF7A 10GF7A 13GF7A 
Heater Voltage (ac/dc) 0.................... 6.3 9.7 13 volts 
Heater Current ............................ 0.985 0.6 0.45 ampere 
Heater Warm-up Time (Average) ........... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value ............... 0 0........ 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate ....... 0 • • • • • • • • • • • • • • • • • • • • • • • • • • 4.6 9 pF 
Grid to Cathode and Heater .................... 2.4 6.5 pF 
Plate to Cathode and Heater .................. 0.26 1.4 pF 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid Voltage ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Grid Voltage (Approx.): 

For plate current of 10 /LA ................... . 
For plate current of 100 /LA ................. . 

Plate Current ................................... . 
For plate voltage of 60 volts and zero grid voltage 
For grid voltage of -28 volts ............... . 

Unit No.1 
250 
-3 

64 
40000 
1600 

-5.5 

1.4 

Unit No.2 
150 

-20 
5.4 
760 

7200 

-45 
60 
95 
10 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 

Unit No.1 
Oscillator 

DC Plate Voltage ............................... . 
Peak Positive-Pulse Plate Voltage 

(Absolute Maximum)# ....................... . 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode Current ........................... . 
Average Cathode Current ........................ . 
Plate Dissipation ................................. . 

330 

400 
77 
22 

1.5 

Unit No.2 
AmpUller 

330 

1500· 
250 
175 

50 
11 

volts 
volts 

ohms 
/Lmhos 

volts 
volts 

mA 
rnA 
rnA 

volt. 

volts 
volts 

rnA 
rnA 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For grid-resistor-bias or cathode-bias operation 2.2 
• Under no circumstances should· this absolute value be exceeded. 

2.2 megohms 

#: Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 

6GH8A 
SCH8A, 9CH8A 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in multivibrator-type horizontal-G2P 
deflection circuits and for agc-amplifier or sync-sepa- 3 

6GH8 

rator applications in color and black-and-white tele- .t:-I~r--.Jlr-~I':'\ 
vision receivers. Outlines section, 6B; requires minia- GI T 

ture 9-contact socket. Types 5GH8A and 9GH8A are 
identical with type 6GH8A except for heater ratings. 9AE 

5GHSA GGHSA 9GH8A 
Heater Voltage (ac/de) ..................... 4.7 6.3 9.45 "olts 
Heater Current ............................ 0.6 0.45 0.3 ampere 
Heater Warm-up Time (A"erage) ........... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
A"erage value ......................... 100 max 100 max 100 max volts 

Direct lntereleetrode Capacitances: Unshielded Shielded 
Triode Unit: 

Grid to Plate ................................ pF 1.7 1.7 
Grid to Cathode. Heater. Pentode Grid No.3. 

Pentode Cathode. and Internal Shield ....... pF 3 3.2 
Plate to Cathode. Heater. Pentode Grid No.3. 

Pentode Cathode. and Internal Shield ......... pF 1.4 1.9 
Heater to Cathode ............................ pF 3 3 

Pentode Unit: 
Grid No.1 to Plate ........................... pF 0.02 max 0.01 max 
Grid No.1 to Cathode. Heater. Grid No.2. 

Grid No.3. and Internal Shield .............. pF 5 5 
Plate to Cathode. Heater. Grid No.2. Grid No.3. 

aud Internal Shield ......................... pF 2.6 3.4 
Heater to Cathode. Gl'id No.3. and Internal Shield pF 3 3 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor .............................. . 
Plate. Resistance (Approx.) ...................... . 
Transconductanee ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ....................................... . 

Triode Unit 
125 

-1 
46 

5400 
8500 
13.5 

-8 

Horizontaf-Deflection Oscillator 
For operation in a 525-line; SO-frame system; 

Pentode'Unit 
125 
125 
-1 

200000 
7500 

12 
4 

-8 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 350 
Grid-No.2 (Screen-Grid) Voltage. . '" . . . . . . . . . . . . . . . 330 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ............................ 0 0 
Peak negative '"alue ........................... 175 

Peak Cathode Current ............................ 300 
Average Cathode Current ......................... 20 
Plate Dissipation ........................ . . . . . . . . . 2.5 2.5 
Grid-No.2 Input ................................... 0.65 

volts 
volts 
"olts 

ohms 
p.mhos 

mA 
mA 

volts 

volts 
volts 

volts 
volts 

mA 
mA 

watts 
watt 
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~l~f8~rH~IT J 
GRID-No.2 VOLTS.125 

1. .1, 'i()\...i~ ECeO 

~40~--4-~~--~----+---~---+--~ 
GRIO-No.1.;::::.::-

I--
f t ~ « 

:J 
~30 ~ -

::L w ... ... 
:ho IfJr- -1.5 
Cl. \ 

" C/=O -2 
II , --- _-2.5 - - 2 -3 
'- -- 3.5 - -4 __ -5 

500 o 100 200 300 400 500 
92CS -I042ITI 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 
For cathode-bias operation 

Refer to chart at end of section. 

H BEAM POWER TUBE 

2.2 
2.2 

PLATE VOLTS 92CS-I0436T 

2.2 
2.2 

6GJ5 

megohms 
megohms 

6GJSA 

9QK 

12GJSA,17GJSA 

Novar type used in high-efficiency horizontal-deflec
tion-amplifier circuits of television receivers. Outlines 
section, 18A; requires novar 9-contact socket. For curve 
of average characteristics see type 6GW6. Types 
12GJ5A and 17GJ5A are identical with type 6GJ5A ex
cept for heater ratings. 

Heater Voltage (ac/dc) ........ . 
Heater Current ...... . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

6GJ5A 
6.3 
1.2 

12GJ5A 
12.6 

0.6 
11 

17GJ5A 
16.8 volt. 
0.45 amperes 

11 seconds 

Peak value ......... . ±200 max 
100 max 

±200 max ±200 max volts 
Average value .. . 100 max 100 max volts 

Direct Intel'electl'ode Capacitances (Approx.): 
Grid No.1 to Plate . . . . . . ............. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

CHARACTERISTICS 

Class Ai Amplifier 
Triode 

Connection 
Plate Voltage ........................ . 
Grid-No.2 Voltage ................ . 
Grid-No.1 Voltage ....................... . 
Mu-Factor, Grid No.2 to Grid No.1 ......... . 
Plate Resistance (Approx.) 
Transconductance ....................... . 
Plate Current .... 
Grid-No.2 Current .. ........ . 
Grid-No.1 Voltage for plate current of 1 rnA 

150 
150 

-22.5 
4.4 

0.26 
15 

6.5 

Pentode Connection 
60 250 

150 150 
o -22.5 

15000 
7100 

390- 70 
32- 2.1 

-42 
• This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ....... . 
Peak Positive-Pulse Plate Voltage# 
Peak Negative-Pulse Plate Voltage 

770 
6500 
1500 

pF 
pF 
DF 

volts 
volts 
volts 

ohms 
Jlmhos 

rnA 
rnA 

volts 
that the 

volts 
volts 
volts 
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DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage ..... .. . .............................. . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation- ............................................. . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (at hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance: 

220 
-55 

330 
650 
175 

17.5 
3.5 
249 

volts 
volta 
volts 

mA 
mA 

watts 
watt. 

'C 

For grid-resistor-bias operation- ............................ megohm 
"Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6GJ7 

6GJ7/ 
ECF801 
4GJ7(XCF801 

SGJ7' LCF801 
8GJ7(PCF801 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

9QA 

Miniature types used as combined oscillator and mixer 
tubes in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHZ. Outlines section, 6J; requires miniature 9-
contact socket. Types 4GJ7/XCF801, 5GJ7 iLCF801, and 
8GJ7/PCF801 are identical with type 6GJ7/ECF801 
ratings. 

except for heater 

Heater Voltage (ac/dc) 
Heater Current ....... . 
Peak Heater-Cathode 

VoltageA. ......... . 

4GJ7/ 
XCF801 

4.1 
0.6 

±110 max 

5GJ7/ 
LCF801 

5.6 
0.45 

±1l0 max 

Class A. Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate-Supply Voltage ............................•• 
DC Plate Voltage ................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
DC Grid-No.2 Voltage ............................. . 
DC Grid-No.1 (Control-Grid) Voltage ............. . 
Cathode Current .................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Inpute ................................. . 

CHARACTERISTICS 
DC Plate Voltage ................................ . 
DC Grid-No.2 Voltage ............................ . 
DC Grid-No.1 Voltage ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-NO.1 Voltage for grid-No.1 current of 0.3 /LA .. . 
Grid-No.1-Circuit Resistance: 

6GJ7/ 
ECF801 

6.3 
0.41 

±100 max 

8GJ7/ 
PCF801 

8 
0.3 

±110 max 

Triode Unit Pentode Unit 
600 600 
140 276 

600 
275 

-50 
22 20 

1.8 2.4 

100 

-3 
20 

9000 
15 

-1.3 max 

0.55 

170 
120 

-1.2 
65-

0.35 
11000 

10 
3 

-1.3 max 

volts 
ampere 

volt. 

volts 
volts 
volts 
volts 
volts 
mA 

watts 
watt 

volts 
volts 
volts 

megohm 
/Lmhos 

mA 
mA 

volts 

For fixed-bias operation ........................ 0.5 1 
For cathode-bias operation ..................... 0.5 2.2 

... The hum should be minimized in intercarrier applications by limiting the 
voltage to 100 volts rms, and in AM receivers to. 50 volts rms. 

megohm 
megohms 

hea ter-ca thode 

• Grid No.2 to grid No.1, approximate value. 
e When control-grid bias is between -1.5 and -2 volts, screen-grid dissipation is limited 
to 0.60 watt. When this bias is greater than -2 volts, maximum screen-grid dissipation 
is 0.36 watt. 

6GJ8 Refer to chart at end of section. 
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For replacement use type 6GK5/6FQ5A. 6GK5 

6GKS/ 
HIGH-MU TRIODE 6FQSA 

ZGK5/ZFQ5A, 
3GK5,4GKS *H4/ 

M IS 
3 6 

2 7 
G 

I 

7FP 

Miniature type with frame grid used as grounded-cath
ode rf-amplifier tube in vhf tuners of color and black
and-white television receivers. Outlines section, 5C; re
quires miniature 7-contact socket. Types 2GK5/2FQ5A, 
3GK5, and 4GK5 are identical with type 6GK5/6FQ5A 
except for heater ratings. 

2GK5/2FQ5A 3GK5 
Heater Voltage (ac/dc) .......... 2.3 2.8 

4GK5 
4 

0.3 

6GK5/6FQ5A 
6.3 

Heater Current .................. 0.6 0.45 
Heater Warm-up Time (Average) 11 11 
Peak Heater-Cathode Voltage .... ±100 max ±100 max 
Direct Interelectrode Capacitances (Approx.):' 

11 
±100 max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, and Internal Shield ............... . 
Plate to Cathode, Heater, and Internal Shield ............... . 
Heater to Cathode ......................................••.. 

'With external shield connected to cathode, except as noted . 
• With external shield and internal shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage: 

Negative-bias value ........................................ . 
Positive-bias value ......................................... . 

Average Cathode Current ....................................... . 
Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage .................................................. . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) .................................... . 
'rransconductan~e .............................................. . 
Plate Current .................................................. . 
Input Resistance- .............................................. . 
Input Capacitance- ............................................. . 
Noise Figuret .................................................. . 
Grid Voltage (Approx.) for transconductance of 150 p.mhos ..... . 
Grid Voltage (Approx.) for transconductance of 1500 p.mhos .... . 

TYPE 6GK5 

UI 

~40~--+---~---r---+--~----r---; 
\oJ 
"
:Ii 
~ 301--1--
::I 
:iii 20 

5 
"-

300 
92CS'II024T 

0.18 

±100 max 

0.52 
5 

3.5 
2.5· 

200 

50 
0 

22 
2.5 

135 
-1 

78 
5400 

15000 
11.5 
275 

11.2 
4.7 

-4.2 
-2.5 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 

volts 

volts 
volts 

mA 
watts 

volts 
volts 

ohms 
p.mhos 

mA 
ohms 

pF 
dB 

volts 
volts 
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MAXIMUM CIRCUIT VALUE 
Grid-Cit'cuit Resistance, for cathode-bias operation .............. megohm 
• Measured at 200 MHz with heater volts = 6.3 and plate effectively grounded for rf voltages. 
t For a neutralized triode amplif.er at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 

6GK6 POWER PENTODE 
lOGK6, 16GK6 

Miniature type used in the output stage of audio am
plifying equipment and also in the video output stage 
of color and black-and-white television receivers. Out
lines section, 6Gj requires miniature 9-contact socket. 
Types 10GK6 and 16GK6 are identical with type 6GK6 
except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 

6GK6 
6.3 

0.76 

10GK6 
10 

0.46 

16GK6 
16 
0.3 
11 

9GK 

Peak Heater-Cathode Voltage .............. ±100 max 
11 

±100 max ±100 max 
Dh'ect Interelectrode Capacitances: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield 
Plate to Cathode, H~~i~~: ·G;·i.i ·N~.2;· G'rid' N~:i" ~;;.i"""'" 

Internal Shield ...............................••••.......• 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................••. 
Plate Voltage ................................................. . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Voltage ............................. . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value .......... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input, Peak .......................................... . 
Grid-No.2 Input, Average ...................................... . 

CHARACTERISTICS AND TYPICAL OPERATION 
Plate Supply Voltage ........................................... . 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor ......................................... . 
Mu-Factor, Grid No.2 to Grid No.1 ............................. . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Peak AF Grid-No.1 Voltage .................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................ . 
Effective Load Resistance ...................................... . 
Total Harmonie Distortion ..................................... . 
Maximum-Signal Power Output ................................. . 

Push-Pull Class AB, and Class B Amplifier 
MAXIMUM RATINGS (Same as for Class A, Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 

0.14 max 

10 

7 

605 
330 
605 
330 
100 

65 
13.2 

4 
2 

250 
260 
135 

19 
38000 
11300 

7.3 
48 

60.6 
6.5 
10 

6200 
10 

6.7 

Class AB, Class B 
Plate Voltage ...................... . 
Grid-No.2 Voltage .................. . 
Grid-No.1 Voltage .................. . 
Cathode-Bias Resistor ............... . 
Peak AF Grid-No.1-to-Grid-No.l Voltage 
Zero-Signal Plate Current ......... . 
Maximum-Signal Plate Current ..... . 
Zero-Signal Grid-No.2 Current ..... . 
Maximum-Signal Grid-No.2 CUl'l"ent .. 
Effective Load Resistance (plate to plate) 
Total Harmonic Distortion ......... . 
Maximum-Signal Power Output ..... . 

260 300 
260 300 

130 130 
22.4 28 

62 72 
75 92 

7 8 
15 22 

8000 8000 
3 4 

11 17 

250 300 
260 300 

-11.6 -14.7 

22.4 28 
20 15 
75 92 

2.2 1.6 
15 22 

8000 8000 
3 4 

11 17 

volts 
ampere 
seconds 

volts 

pF 

pF 

pF 

volts 
volts 
volts 
volts 
volts 

mA 
watts 
watts 
watts 

volts 
volts 
ohms 

ohms 
I'mhos 

volts 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

volts 
volts 
volts 
ohms 
volts 
mA 
rnA 
mA 
rnA 

ohms 
per cent 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..............................••.••• 
For catbode-bias operation .................................• 

N 
u 
!:! 
N 

\oJ 

~ 
oJ ... 

50 

TYPE 6GK6 
GRID-No.2 VOL.TS • 250 

II) O' 

/ 
.--- -2 

& 
GRID-No.1 VOLTS ECls -4 f--

IC2 Ib I -6 
ECI--8 £Cl sO 

f:S ~- IC2 I -Ie 1}~5 
-u:: :E: ;=:-:= ~-IO 

o 100 200 300 
PLATE VOLTS 92CS-9903T 

For replacement use type 6AU4GTA. 

Refer to chart at end of section. 

Refer to chart at end of section. 

4 5 

SEMIREMOTE-CUTOFF 
PENTODE 

0.3 
1 

6GK17 

6GL7 

6GM5 

289 

megobm 
megohm 

6GM6 
~

p 

H 3 ::: 6 G2 

2 7 
K G3 

I IS 

GI 

7CM 

5GM6 
Miniature type used in gain-controlled picture-if 
stages of color and black-and-white television receivers 
operating at intermediate frequencies in the order of 
40 MHz. Outlines section, 5C; requires 7 -contact socket. 
Type 5GM6 is identical with type 6GM6 except for 
heater ratings. 

Heater Voltage (acldc) .................. . 
Heater Current . . . . . . . . . . . ........... . 
Heater Warm-up Time (Average) ................ . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Intel'electl'ode Capacitances: 
Grid No.1 to Plate ........................... . 
Gdd No.1 to Cathode, Heater, Gdd No.2, 

Grid No.3, and Internal Sbield ............. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ........................ . 
o With external sbield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .......................................... . 

5GM6 
5.6 

0.45 
11 

±200 max 
100 max 

Unshielded 
0.036 max 

10 

2.4 

Grid-No.:l (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ..... . . . . . . . . . . . ............... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

6GM6 
6.3 volts 
0.4 ampere 

seconds 

±200 max volts 
100 max volts 

Shielded" 
0.026 max pF 

10 pF 

3.4 pF 

330 volts 
o volts 

330 volts 
See ell rye page 300 

o volts 
3.1 watts 

0.65 watt 
See curve page 300 
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CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid No.3 .................................... • . . . . . . .. Connected 
Gdd-No.2 Supply Voltage ....................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate Current ....................... : ......................... . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (ApPl·OX.) for transconductance of 60 pmhos .. 

6GN8 
8GN8/8EB8 

lOGN8 

TYPE 6GM6 
GRID No.3 'lND INTERNAL SHIELD 

CONNECTED TO CATHODE AT I--
SOCKE't 

GRID-~ 2 VOLTS-125 

I~- Ih- ECl.-O 

\r I 
~ 

~ GRID-No.1 VOLTS ECr-' v:r. III £9.-0 -1.5 EcI--2.!S -
! ~ '-1,..... L -2JI: -3 I 
- ~1';'2 

o 160 200 300 400 
PLATE VOLTS '2CS-1~'OTJ 

HIGH·MU TRIODE
SHARP·CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. Triode unit is used as 
sync-separator, sync-clipper, phase inverter, or sound
if amplifier. Pentode unit is used in output stage of 
video amplifier. Outlines section, 6E; requires minia-

125 
to cathode 

125 
56 

0.2 
13000 

14 
3.4 

-15 

H 

ture 9-contact socket. For direct interelectrode capaci- 90X 

volts 
at socket 

volts 
ohms 

megohm 
pmhos 

rnA 
mA 

volts 

tances, refer to type 6EB8; curve for average plate characteristics of 
triode unit is same as for type 6EB8. Types 8GN8/8EB8, and lOGN8 
identical with type 6GN8 except for heater ratings. 

are 

6GN8 8GN8/8EB8 10GN8 
Heater Voltage (acldc) ................... . ~3 8 1~5 
Heater Current ........................... . 0.75 0.6 0.45 
Heater Wal'm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

11 11 

Peak value ........................... . ±200 max ±200 max ±200 max 
Average value ........................ . 100 max 100 max 100 max 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .................................... . 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage ...................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS Triode Unit 
Plate Supply Voltage ...................... 250 
Grid-No.2 Supply Voltage ................. . 
Grid-No.1 Voltage ......................... . 
Cathode-Bias Resistor ..................... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) .. 

-2 

100 
37000 

o 
1 

330 
See curve page 300 

o 
5 

1.1 
See curve page 300 

Pentode Unit 
60 200 

150 150 
o 

100 

60000 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

volt 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
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Transconductance ......................... . 
Plate Current ............................ . 
Grid-No.2 Current ......................... . 
Grid Voltage (Approx.) for plate current of 

20 /LA ................................ . 
Grid-No.1 Voltage (Approx.) for plate cUl'rent 

of 100 /LA ............................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Triode Unit 
2700 

2 

-5 

Pentode Unit 
11500 

55' 25 
18' 5.5 

-10 

291 

/Lmhos 
mA 
mA 

volts 

volts 

For fixed-bias operation ..................... . 0.5 0.25 megohm 
For cathode-bias operation ................... . 1 1 megohm 

• This value can be measured by a method involving a 
maximum "atings of the tube will not be exceeded. 

l'ecurrent waveform such that the 

TYPE 6GN8 
GRID-No.2 VOLTS'ISO 

I. .. GRID-No.1 VOLTS ECI-O 
~ I--lb 

If I- -I 
_r--- -2 

K ~ I- EC -0, -3 
-4 

IV- - - - -- -- -- -- -S 
-6 

o 100 200 300 400 
PLATE VOLTS 92CS-11021T1 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6GQ7 

6GS7 

9GF 

SGS7,7GS7 

Miniature type used as a frequency changer in vhf 
television tuners. Outlines section, 6B; requires 9-
contact socket. Types 5GS7 and 7GS7 are identical with 
type 6GS7 except for heater ratings. Heater: volts, 7.6; 
ampere, 0.3; maximum heater-cathode volts, ±100 peak, 
100 average. 

Heater Voltage .. 
Heater Current 
Heater-Cathode Voltage: 

Peak value ................ . 
Average value ................. . 

5GS7 
5.4 
0.45 

±200 max 
100 max 

Class A, Amplifier 

6GS7 
6.3 
0.375 

±200max 
100 max 

MAXIMUM RATINGS (Design·Center Values) Triode Unit· 
Plate Voltage .................. . . . . . . . . . . 125 
Grid-No.2 (Screen-Grid) Voltage .......... . 
Plate Dissipation .................................. 1.5 
G,·id-No.2 Input ................................. . 
Cathode Current .................................. 15 

CHARACTERISTICS 
Plate Voltage ................. 100 
Grid-No.2 Voltage ............. . 
Grid-No.1 (Control-Grid) Voltage . . . . . . . . . . . -3 
Plate Current .................................... 14 
Grid-No.2 Current ............................... . 
Transconductance ................. . . . . . . . . . . . . . 5500 
Plate Resistance ................................. . 
Amplification Factor .............................. 17 

7GS7 
7.6 volts 
0.3 ampere 

±200max volts 
100 max volts 

Pentode Unit 
250 volts 
150 volts 

2 watts 
0.5 watt 
18 mA 

170 volts 
150 volts 

-1.2 volts 
10 mA 
3.3 mA 

12000 I,mhos 
0.35 min megohm 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance .................. 0.5 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation 0.25 
-For ca thode .. bias operation ................... . 0.5 

Pentode Unit as Frequency Changer 
CHARACTER ISTICS 
Plate Voltage ................................................. . 
Grid-No.2 Supply Voltage ...................................... . 

190 
190 

Oscillator Voltage ............................................ . 2.3 
Grid-No.2 Circuit Resistance ................................... . 0.018 
Grid-No.1 Circuit Resistance ................................... . 0.1 
Plate Current .................................. . 8.5 
Grid-No.2 Current ........... . ........ . 2.7 
Grid-No.1 Current . . . . . . . . . . . ............... . 30 
Plate Resistance .. . ...... . .......... . 0.6 
Conversion Transconductance ...... , ....... . 4500 

Triode Unit as Oscillator 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 190 
Plate Circuit Resistance ....................................... . 8200 
Grid Circuit Resistance .................................... . 10000 
Oscillator Voltage ......... . ................ . 4.5 
Plate Current .................. . 12 
Transconductance ......... . 3500 

6GT5 Refer to chart at end of section. 

6GT5A 
17GT5A BEAM POWER TUBE 

Novar type used as horizontal-deflection amplifier in 
television receivers. Outlines section, 31A; requires 

megohm 

megohm 
megohm 

volts 
volts 

volts (rms) 
megohm 
megohm 

mA 
mA 
/LA 

megohm 
ILmhos 

volts 
ohms 
ohms 

volts (rms) 
mA 

/Lmhos 

novar 9-contact socket. For curve of average charac- 9NZ 
teristics, refer to type 6GW6. Type l7GT5A is identical with type 6GT5A 
except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

6GT5A 
6.3 
1.2 

17GT5A 
16.8 
0.45 

11 

Peak value ................................... . 
Average value ............................... . 

±200 max 
100 max 

±200max 
100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ............................. . 
Grid-No.2 (Screen-Grid) Voltage ........... . 
Grid-No.1 (Control-Grid) Voltage ......... . 
Mu Factor, Grid No.2 to Grid No.1 ......... . 
Plate Resistance (Approx.) ............... . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 

Triode 
Connection 

150 
150 

-22.5 
4.4 

0.26 
15 

6.5 

Pentode 
Connection 
60 250 

150 150 
o -22.5 

390* 
32" 

15000 
7100 

70 
2.1 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
/Lmhos 

mA 
mA 

Grid-No.1 Voltage (Approx.) for plate current 
of 1 mA ................................. -42 volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line,· 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................•. 
Peak Positive-Pulse Plate Voltage# ......................••.••.• 

770 
6500 

volts 
volts 
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Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation. . ............................................ . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

1500 
220 

-55 
330 
550 
175 

17.5 
3.5 
240 

293 

volts 
volt. 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

Grid-No.l-Circuit Resistance, for grid-resistor-bias operation. .... megohm 
# Pulse duration must not exceed 150/0 of a horizontal scanning cycle (10 microseconds) . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6GU5 

MEDIUM-MU TWIN TRIODE 6GU7 

9LP 

8GU7 
Miniature type used in the matrixing circuits of color 
and black-and-white television receivers and in phase
inverter, multivibrator, and general-purpose amplifier 
applications. Outlines section, 6E; requires miniature 
9-contact socket. Type 8GU7 is identical with type 6GU7 
except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................ . 
Hea ter-Ca thode Voltage: 

6GU7 
6.3 
0.6 
11 

Peak value .................................... ±200 max 
Average value ................................ 100 max 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ................................ 3 
Grid to Cathode and Heater .................. 3.4 
Plate to Cathode and Heater .................. 0.44 

Plate of Unit No.1 to Plate of Unit No.2 ................ 1 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ............................... . 
Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage .................................................. . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 

8GU7 
8.4 volts 

0.45 ampere 
11 seconds 

±200 max volts 
100 max volts 

Unit No.2 
3 pF 

3.6 pF 
0.34 pF 

pF 

330 volt.. 
0 volts 
3 watts 

250 volts 
-10.5 volt. 

17 
5500 ohms 
3100 pmhos 



294 RCA RECEIVING TUBE MANUAL 

Plate Current .................................................. . 
Grid Voltage (Approx.) for plate current of 50 p.A ............. : 
Plate Current for grid voltage of -14 volts ................... . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance. for fixed ... bias operation ................. . 

6GVS BEAM POWER TUBE 
17GV5 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Type 17GV5 is identical 
with type 6GV5 except for heater ratings. 

Heater Voltage (ac/dc) ........................ . 
'Heater Current .......................... , ....... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

6GV5 
6.3 
1.2 

11.5 
-23 

4. 

1 

I 

mA 
volts 

mA 

megohm 

G2 

H H 

17GV5 
16.8 
0.45 

11 

12DR 

volts 
amperes 
seconds 

Peak value .................................. . ±200 max ±200 max volts 
volts Average value ......... . ................ . 100 max 100 max 

Class A, Amplifier 

CHARACTERISTICS Pentode Connection 
Triode· 

Connection 
Plate Voltage ............................. ,. 
Grid-No.2 (Screen-Grid) Voltage ........... '. 
Grid-No.1 (Control-Grid) Voltage ........ . 
Plate Resistance (Approx., ............... . 
'rransconductance ......................... . 
Amplification Factor ...................... . 
Plate Current ........................... . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage (Approx.) for plate current 

.,flmA .............................. . 
• Grid No.2 tied to plate . 

5000 60 250 
150 150 150 

o -22.5 
18000 

7300 

345· 65 
27" 1.8 

-100 -42 

150 
150 

-22.5 

4,.4 

volts 
volts 
volts 
ohms 

JLmhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation In a 525-Iine, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 Voltage .......... , .............................. . 
Peak Negative-Pulse Grid-No.1 Voltage ., .. : .................... . 
DC Grid-No.1 Voltage ......................................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipationt .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

770 
6500 
1500 

220 
330 

-55 
550 
175 

17.5 
3.5 
220 

voits 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance ..................................... 1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation, 

6GV8 Refer to chart at end of section. 
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HIGH·MU TRIODE
POWER PENTODE 

6GVS/ 
ECLS5 
9GV8/XCL85, 
lOGV8/LCLWS 
18GV8/PCL85 

295 

9LY Miniature type used for sync-amplifier and video-out
put applications in television receivers. Outlines sec. 

tion, 6G; require!:! miniature 9-contact socket. Types 9GV8/XCL85, lOGV8/ 
LCL85, and 18GV8/PCL85 are identical with type 6GV8/ECL85 except for 
heater ratings. 

Heater Voltage (ac/de) 
Heater Current ....... . 
Peak Heater-Cathode 

6GV8/ 
ECL85 

6.3 
0.9 

9GV81 
XCL85 

9.5 
0.6 

Voltage .......... . ±220 max ±200max 

Class A, Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Supply Voltage ............................ . 
Peak Plate Voltage· ............... . ............ . 
DC Plate Voltage ............................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage ................................ . 
Peak Cathode Cunent. . ......................... . 
Average Cathode Current ........................ . 
Plate Dissipation ................................ . 
Grid-No.2 Input ................................. . 

CHARACTERISTICS 
Plate Voltage ...................................... . 
Grid-No.2 Volt.age ................................... . 
Grid-No.1 Voltage ................................... . 
Amplification Factor ................................ . 
Mu-Factor. Grid No.1 to Grid No.2 ................. . 
Plate Resistance (Approx.) .......................... . 
Transconductance ................................... . 
Plate Current ............................... . 
Grid-No.2 Current ............................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

10GV81 
LCL85 
11.6 
0.46 

±200 max 

Triode 
Unit 
550 

250 

200 
16 
0.5 

100 50 
170 

-0.8 -1 
50 

7600 
6500 

5 200· 
40· 

18GV81 
PCL85 

18 volts 
0.3 ampere 

±200 max volts 

Pentode 
Unit 
550 volts 

2000 volts 
250 volts 
550 volt. 
250 volts 

rnA 
75 rnA 

7 watts 
2 watts 

65 170 volts 
210 170 volts 
-1-15 volts 

7 
-25000 ohms 

7500 I'mhos 
240· 41 rnA 
50· 2.7 rnA 

For fixed-bias operation .............. 1 1 megohm 
For cathode-bias operation ............ 3.3 2.2 megohms 

o Maximum pulse duration 5 per ('ent of a cycle with a maximum of 1 millisecond . 
• Maximum pulse duration 200 microseconds .If a larger flyback is required, this value may 
be reduced to 100 rnA with a maximum pulse duration of 400 microseconds . 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum tube ratings will not be exceeded. 

Refer to chart at end of section. 6GW6 For replacement use type 6GW6/6DQ6B. 

~
G! P SGI 

NC 3 ::: 

... 
H 2 7 H 

e 
K 

GJ 

6AM 

BEAM POWER TUBE 
6GW61 
6DQ6B 
12GW6/12DQ6B 
17GW6/17DQ6B 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of television re
ceivers. Outlines section, 20A; requires octal socket. 
Types 12GW6/12DQ6B and 17GW6/17DQ6B are iden
tical with type 6GW6/6DQ6B except for heater rat-
ings. 
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6GW6/ 12GW6/ 17GW6/ 
6DQ6B 12DQ6B 17DQ6B 

Heater Voltage (acldc) .....•.............. 6.3 12.6 16.8 volts 
Heater Current ............................ 1.2 0.6 0.45 amperes 
Heater Warm-up Time (Average) .......... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value ........................ 100 max 100 max 100 max volts 

Direct Interelectl'ode Capacitances (Approx.): 
Grid No.1 to Plate ..................................... 0.5 pF 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. 17 pF 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 7-pF 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ........................ . 
Grid-No.2 Voltage ........................... . 
Grid-No.1 Voltage ......................... . 
Mu-Factor, Grid No.2 to Grid No.1 ............. . 
Plate Resistance (Approx.) ................... . 
Transconductance 
Plate Cunent ............................... . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

Triode 
Connection 

150 
150 

-22.5 
4.4 

Pentode Connection 
60 250 

150 150 
o -22.5 

390· 
32* 

15000 
7100 

70 
2.1 

volts 
volts 
volt. 

ohms 
/Lmhos 

rnA 
rnA 

1 rnA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -42 volts 
* This value can be measured by a method involving a reCUl'rent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 (Screen-Grid) Voltage ........................... . 
DC Grid-No.1 (Control-Gl'id) Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 Voltage ................. . 
Peak Cathode Current ..... . .................................. . 

~500 
(/) .., 
~400 
0.. 

TYPE SGWS/SOQSB 
GRID-.No.2 VOLTS=ISO 

II .I EI-O 
GRID-No.1 IIOL. TS CI-

(/) .., 
0: .., I 

{JC2. 
::;; 

~300 
..J 

lb -5 
I 

0.. 
50::;; 

c( 

:IE 
..,200 

~ 
~ 100 

o 

r. 
r.. '-

50 

-10 

~15 
.~CI=O -20 

- -25 -
100 150 200 250 300 

I 
::::i 

OO:! 
.::0 

N 
d 

5 01" 
~ 
'" o 

PLATE VOLTS 92CS-I0859T 

Average Cathode Current . . ......... . 
Plate Dissipation· ..................... , ....................... . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUES 

770 
6500 
1500 

220 
-55 

330 
550 

175 
17.5 

3.5 
240 

volts 
volts 
volts 
volts 
volts 
volts 

rnA 

mA 
watts 
watt. 

'c 

Grid-No.1-Circuit Resistance, for grid-resistor-bias operation .... 1 megohm 

# Pulse duration must not exceed 15'/0 of a horizontal scanning cycle (10 microseconds) . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 
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H HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

6GWSI 
ECLS6 

297 

9LZ 

Miniature type used in preamplifier and audio output 
stages of audio equipment and television receivers. 
Outlines section, 6G; requires miniature 9-contact 
socket. Heater: volts (ac!dc), 6.3; amperes, 0.7; maxi
mum heater-cathode volts, 100 peale 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ...................... . 
Plate Voltage ..................... . . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage .......................... . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value 
Cathode Current ............................ . 
Plate Dissipation ..... 
Grid-No.2 Input 

CHARACTERISTICS 
Plate Voltage ..... . 
Grid-No.2 Voltage .... . ..................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor ...... . 
Plate Resistance (Approx.) ........................ . 
Tl'anRConductance 
Plate Current ., .. ,. 
Grid-No.2 Current ., .. ,...... , ........... . 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Cil'c\dt Hesistance, for fixed-bias operation 
* Grid No.2 to grid No.l. 

Refer to chart at end of section. 
For replacement use type 6GY6!6GX6. 

H 

Triode Unit 
550 
300 

1.3 
4 

0.5 

250 

-1.9 
100 

1600 
1.2 

1 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Pentode Unit 
550 volt. 
300 volts 
550 volt. 
300 volts 
1.3 volts 
55 rnA 
9 watts 

1.5 watts 

250 volt. 
250 volts 
-7 volts 

21' 
45000 ohms 
10000 I'mhos 

36 rnA 
6 rnA 

0.5 megohnl 

6GX6 

6GX7 

9QA 

Miniature type used as combined oscillator-mixer tube 
in vhf tuner circuits of color and black-and-white tele
vision receivers. Outlines section, 6B; requires minia
ture 9-contact socket. 

Heater Voltage (ac/dc) 
Heater Current .......... . 
Heater-Cathode Voltage: 

Peak value ""'.' .............................. . 
A Vel'age value .. ' ................................... . 

Direct Interelectrode Capacitances :** 
Triode Unit: 

Grid to Plate .... . .. , ................. , ............ . 
Grid to Cathode, Heater, Pentacle Cathode. Grid No.3. 

and Internal Shield , .. 
Plate to Cathode, H.ate,·, Pentode Cathode, Grid No.3, 

and Internal Shield ., 
Pentode Unit: 

Grid No.1 to Plate ,." ....... ,., ........... , ............. . 
Grid No.1 to Cathode. Heater, Grid No.2. Grid No.R. 

and Internal Shield ..... , ................. , .... , 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .................................. , 
Grid No.1 to Grid No.2 ............ . 

"* With external shield connected to cathode. 

6.3 volt. 
0.4 ampere 

±200 max volts 
100 max volts 

1.2 pF 

2.3 pF 

1.9 pF 

0.005 pF 

5.4 pF 

3.3 pF 
1.6 pF 
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Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

276 Plate Voltage ............•..................... _. 271> 
Grid-No.2 (Screen-G,·id) Supply Voltage ........... . 
Grid-No.2 Voltage ...........................•.... 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ........................... . 
Negative-bias value .......................... . 

Cathode Current ................................. . 
Plate Dissipation ................................• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts . 
For grid-No.2 voltages between 137.5 and 

275 volts .................................. . 

CHARACTERISTICS 
Plate Voltage .... 
Grid-No.2 Voltage .... . .......... . 

Triode 
100 

o 
40 
20 

1.1> 

Unit 
125 

-1 

275 
See curve page SOO 

o 
40 
20 

2.2 

0.(6 

See curve page 300 

Pentode Unit 
120 125 
90 125 

-1 

volts 
volts 

vt>lts 
mA 

watts 

watts 

volts 
volta 
volt Grid-No.1 Voltage ... . .. . ........... . 

Grid-No.1-Circuit Resistance ................. . 0.1 0.1 megohm 
Amplification Factor ...................... . 
Plate Resistance ............................. . 
Transconductance ........................... . 
Plate Current ............................... . 
Grid-No.2 Current .......................... . 
Grid-No.1 Voltage for plate current 

of 20 pA ................ . ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

40 

8700 
12.5 

-·6 

4700 200000- ohms 
8500 1S000 11000 pmhos 

13 8.5 8 rnA 
2.8 2.5 mA 

-2.5 volts 

Triode Unit Pentade Unit 
For fixed-bias operation ..................... . 0.6 0.25 megohm 
For cathode-bias operation .................. . 1 0.5 megohm 

6GYS 
16GYS, 2lGYS BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Types 16GY5 and 21GY5 
are identical with type 6GY5 except for heater ratings. 

GGYS IGGY5 
Heater Voltage (ac/dc) ..................•• 6.3 15.8 

12DR 
21GY5 

21 volts 
Heate,· Current ...........................• 1.5 0.6 0.45 amperes 
Heater Warm-up Time (Ave,·age) ......... . 11 11 
Heater-Cathode Voltage: 

Peak value ........................... . ±200 max ±200 max ±200 max 
Ave,·age value ........................ . 100 max 100 max 100 max 

Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 (Screen-G,·id) Voltage .... . 
Grid-No.1 (Control-G,·id) Voltage .. . 
Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ..................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (ApPl"Ox.) for plate 

Pentode Connection 
5000 60 130 

130 130 130 
o -20 

410·· 
240 • 

11000 
9100 

50 
1.75 

Triode,!" 
Connection 

130 
130 

-20 
4.7 

seconds 

volts 
volts 

volts 
volts 
volts 

ohms 
pmhos 

mA 
mA 

current of 1 pA .............. -66 -33 volts 
•• This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a recurrent waveform such that the 

t Grid No.2 tied to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 

770 
6500 

volts 
volts 
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Peak Negative-Pulse Plate Voltage ........................... . 

gg g~lt~~:i ~~n:~: :::::::::::::::::::::::::::::::::::::::::: 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 

~~~~ag~:~r;~~~~~~:~~~~~:::::::::::::::::::::::::::::::::::::::: 
Grid-No.2 Input ...... . ....................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

1500 
220 

-55 
330 
800 
230 
18 

3.5 
220 

299 

volts 
volts 
volts 
volts 

rnA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance .................................... 1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
tt A bias resistol' or other means is l'equired to protect the tube in absence of excitation. 

SHARP-CUTOFF PENTODE 

6GY6 
6GY6/ 
6GX6 ~

4 5P 

H 3 ::: 6 G2 

K 2 7 G3 

IS I 
G, 

7EN 

Miniature type used in gated-agc-amplifier circuits and 
as a noise-inverter tube in color and black-and-white 
television receivers. Tube has two independent control 
grids. Outlines section, 5C; requires miniature 7-con
tact socket. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................. . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 
Grid No.1 to Grid No.3 ................................... . 
Grid No.3 to Plate ........................................ . 
Grid No.3 to Cathode, Heater, Plate, Grid No.1, Grid No.2, 

and Internal Shield ...................................... . 

CHARACTERISTICS 
Class A, Amplifier 

Plate Supply Voltage ..................................... . 
Grid-No.3 Supply Voltage ..................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ..................................... . 
Cathode-Bias Resistor ......................................... . 
Plate Resistance (Approx.) .. " .............................. . 
Transconductance, Grid No.1 to Plate ......................... . 
Transconductance, Grid No.3 to Plate ......................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................ . 
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /LA .. 
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 /LA . 

Gated AGC Amplifier and Noise Inverter 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Grid-No.3 (Control-Grid) Voltage: 

Negative-bias value ........................................ . 
Positive-bias value .. . ...................... . 

Grid-No.2 (Screen-Grid) 's~ppiy' V~it;'ge ........................ . 
Grid-No.2 Voltage ........................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ............................... . 

Plate Dissipation ............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts. . .................. . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

6.3 volts 
0.45 ampere 

11 seconds 

±200 max volts 
100 max volts 

0.026 pF 

8 pF 
0.12 pF 

1.6 pF 

6.5 pF 

150 volt. 
0 volts 

100 volt. 
0 volts 

180 ohms 
0.14 megohm 
3700 /Lmhos 
750 /Lmhos 
3.7 rnA 

3 mA 
-7 volts 

-4.5 volt<; 

300 volts 
600 volts 

100 volts 
o volts 

300 volt. 
See curve page 300 

50 volts 
o volts 

1.7 watts 

1 watt 
See (~urve paJ.!'e 300 
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Screen-Grid (Grid"No. 2) 
Input Rating Chart 

o 20 40 60 80 100 
GRID-No.2 VOLTAGE EXPRESSED AS PER CENT OF 

MAX. GRID-No.2 SUPPLY VOLTAGE RATING 

92CS - 7586TV2 

Fig. 134-Grid-No.2 input rating curve. 

For certain voltage amplifier types, 
as listed in the data section, the maxi
mum permissible screen-grid (grid-No. 
2) input varies with the screen-grid 
voltage, as shown in the chart above. 
(This chart cannot be assumed to apply 
to types other than those for which it 
is specified in the data section.) Full 
rated screen-grid input is permissible 
at screen-grid voltages up to 50 per cent 
of the maximum rated screen-grid sup
ply voltage. From the 50-per-cent point 
to the full rated value of supply volt
age, the screen-grid input must be de
creased. The decrease in allowable 
screen-grid input follows a curve of the 
parabolic form. This rating chart is 
useful for applications utilizing either 
a fixed screen-grid voltage or a series 
screen-grid voltage-dropping resistor. 

When a fixed voltage is used, it is 
necessary only to determine that the 
screen-grid input is within the bound
ary of the operating area on the chart 
at the selected value of screen-grid 
voltage to be used. When a voltage
dropping resistor is used, the minimum 
value of resistor that will assure tube 
operation within the boundary of the 
curve can be determined from the fol
lowing relation: 

R > Ed (Ecc2-Ee2) 
g2 Pc! 

where Rg2 is the minimum value for 
the voltage-dropping resistor in ohms, 
Ee2 is the selected screen-grid voltage 
in volts, Eee2 is the screen-grid supply 
voltage in volts, and P eO is the screen
grid input in watts corresponding to E ••. 
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MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . 0.68 megohm 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... 0.22 
For cathode-bias operation .................................. 0.47 

II Pulse duration must not exceed 15% of a horizontal scanning cycle (10 

megohm 
megohm 

microseconds) . 

N 

o 

TYPE 6GY6/6GX6 
GRID - No.3 VOLTS = 0 
GRID-No.2 VOLTS = 100 

N 

TYPE 6GY6/6GX6 
GRID - No.2 VOLTS = 100 
GRID- No.1 VOLTS = 0 

~ 13 201---+---+---+--+-+-+--1 
,I>: 
g~ 
I>:::E 15 
too:( 

1>:::::; 
~ ~ 10~~t""--=.j,...o==+-='+':;"o;l::;;;....,,-t---I 
~ 

100 . 200 300 
PLATE VOLTS 92CS-II002T1 

w 
~ 
.J 
a. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6HM5/6HA5. 

92CS-II003T1 

6GYB 

6GZ5 

6H6 

6H6GT 

6HA5 

~
H4 / 

H 3 ___ 6 IS 

1(2 . 7 K 

I 
GI 

HIGH-MU TRIODE 6HAS-S 
Miniature type used as rf-amplifier tube in vhf tele
vision tuners. Outlines section, 5B; requires miniature 
7-contact socket. Type 6HA5-S is electrically identical 
with type 6HM5/6HA5. 7GM 

For replacement use type 6HB6/6HA6. 6HA6 

BEAM POWER TUBE 6HBS 
Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. 

Heater Voltage (ac/dc) ........................................ . 6.3 volts 
1.5 amperes Heater Current ................................................ . 

Heater-Cathode Voltage: 
Peak value ................................................ . ±200 max volts 
Average value ............................................. . 100 max volts 
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Class Al Amplifier 

CHARACTERISTICS Pentode Connection 
Triode· 

Connection 
Plate Voltage ....................... . 5000 60 130 130 volts 
Grid-No.2 (Screen-Grid) Voltage ..... . 130 130 130 130 volts 
Grid-No.1 (Control-Grid) Voltage ..... . o -20 -20 volts 
Amplification Factor ................ . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............... . --66 
• Grid No.2 tied to plate. 

410' 
24' 

11000 
9100 

50 
1.75 

-33 

4.7 
ohms 

I'mhos 
mA 
mA 

volts 

• This value can be measured by a metbod involving a recurrent 
maximum ratings of the tube will not be exceeded. 

waveform such that the 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage;lli ............................. . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.2 Voltage .......................................... . 
DC Grid-No.1 Voltage .......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 

a!i~~N~.i~s¥,:pt.!tn! . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Bulb Temperature (At hottest point) ............................ . 

MAXIMUM CIRCUIT VALUE 

770 
6000 
1500 

220 
-55 

330 
800 
230 

18 
3.5 
220 

volts 
volts 
volts. 
volts 
volts 
volt. 

mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance ..................................... 1 megohm 
;IIi Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or otber means is required to protect the tube in absence of excitation. 

6HB6 
6HB6/6HA6 Refer to chart at end of section. 

6HB7 MEDIUM-MU TRIODE-,-
5HB7 SHARP-CUTOFF PENTODE K,G3p 

Miniature type used as combined oscillator and mixer IS 3 

tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; requires miniature 9-
contact socket. Type 5HB7 is identical with type 6HB7 
except for heater ratings. 9QA 

Heater Voltage (ac/dc) .......................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .................. . 
Heater-Cathode Voltage: 

Peak value ............................... . 
Average value ........................... . 

Direct Interelectrode Capacitances:A 
Triode Unit: 

5H07 
4.7 
0.6 
11 

±200max 
100 max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 

Pentode Unit: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . . ........................................ . 
Plate to Catbode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ................................................... . 
Heater to Cathode' .......................................... . 

A Witb external shield connected to catbode except as noted . 
• With external shield connected to ground. 

GH07 
6.3 

0.45 
11 

±200max 
100 max 

1.9 
3 

L9 

0.010 max 

5 

3.4 
3.8 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 
pF 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .... . ............ . 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage 
Grid-No.1 (Control-Grid)' Voit;.g-.;,. ................ . 

Positive-bias value 
Plate Dissipation ...... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ... . ... 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage .... 
Grid-No.2 Supply Voltage 
Grid-No.1 Supply Voltage 
Cathode-Bias Resistor ... . 
Amplification Factor .... . 
Plate Resistance (Approx.) . 
Transconductance .......... . 
Plate Current ... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 /LA ....................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 
For cathode-bias operation 

TYPE GHB7 
TRIODE UNIT 

Triode Unit Pentode Unit 
330 330 

330 
volts 
volts 

See curve page 300 

o 0 
2.5 3.1 

0.55 

volts 
watts 

watt 
See curve page 300 

150 125 volts 
125 volts 

0 -1 volts 
56 ohms 
40 

0.005 0.2 megohm 
8500 6400 /Lmhos 

18 12 mA 
4 mA 

-12 -9 volts 

0.5 0.25 megohm 
1 0.5 megohm 

TYPE GHB7 PENTODE UNIT 
GRID -No.2 VOLTS -125 

(I) 

~50~~-4--4--4--+--+--+--+~ 
~ 
:i 40f--+-+--1-. 

0 
-0.5 

~ aO~-l--+ / 
C. GRID-No I VOLTS ECI·-II-

lIJ -1.5_ 

1<'- ECI'O IC2, -2 -- -- ---
~ 20 

I 0f--+'-'£-¥-,.4~,¥'7"'f7"''+-/'·' - :b - -2.5 -- -- -- - '-;-".::,~.~ 
o 

H 

-- --- --"f---
o 100 200 aoo 400 

9ZCS-9BGGT PLATE VOLTS 9ZCS-9861T1 

Refer to chart at end of section. 6HD7 

Refer to chart at end of section. 
6HES For replacement use type 6JB5/6HE5. 

12FB 

BEAM POWER TUBE 6HFS 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out
lines section, 16B; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 6.3; amperes, 2.25; maximum 
heater-cathode volts, ±200 peak, 100 average. 
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Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ..... 
Grid-No.2 (Screen-Grid) Voltage. 
Grid-No.1 (Control-Grid) Voltage 
Amplification Factor ................ . 
Plate Resistance (Approx.) ... . 
Transconductance ................... . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 rnA ........... . 
• Grid No.2 tied to plate . 

Pentode Connection 
5000 70 175 

125 125 125 

-140 

o -25 

5600 
11300 

125 
4.5 

-54 

Triode· 
Connection 

125 
125 

-25 
3 

volts 
volts 
volts 

ohms 
JLmhos 

rnA 
rnA 

volts 

• This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a recurrent waveform sueh that the 

Horizontal-Deflection Amplifier 
For operation in a 525-Iine, aO-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ............... . ..................... . 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) 
Peak Negative-Pulse Plate Voltage .............................. . 
DC Grid-No.2 Voltage . . . . . . . . . . . . . .. . 
Peak Negative-Pulse Grid-No.1 Voltage .................. . 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipationt .............................................. . 
Grid-No.2 Input ................................................ . 
Bulb Tempe~ature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

900 
7500A 

1100 
190 
250 

1100 
315 
28 

5.5 
225 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance ..................................... megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
A Under no circumstances should this absolute value be exceeded. 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6HF8 
10HFB 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The triode unit is used 
in high-gain, sound-if stages and in sync-separator, 
sync-clipper, and phase-inverter circuits; the pentode 
unit is used as a video-output amplifier. Outlines sec-
tion, 6E; requires miniature 9-contact socket. For 9DX 
curves of average characteristics, refer to type 6A W8A for the triode unit 
and to type 6EB8 for the pentode unit. Type lOHF8 is identical with type 
6HF8 except for heater ratings. 

Heater Voltage (ac/de) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Intereleetrode Capacitances: 
Triode Unit: 

6HF8 
6.3 

0.75 

±200max 
100 max 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ....................................•• 
Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ..................................... . 
Pentode Unit: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ...................................... . 
Plate to Cathode, Heater, Grid No,2, Grid No.3, 

and Internal Shield ...................................... . 
Triode Grid to Pentode Plate ................................. . 

lOHF8 
10.5 volts 
0.45 ampere 

11 seconds 

±200 max volta 
100 max volts 

3.5 pF 

2.8 pF 

2.6 pF 

0.1 max pF 

10 pF 

4.2 pF 
0.015 max pF 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 

305 

volts 
volts 

Grid-No.2 Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 

watts Plate Dissipation .................................. 1 6 
Grid-No.2 Input: 

For grid-No.2 voltages up to 166 volts .......... 1.1 watts 
For grid-No.2 voltages between 166 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ..................... . 
Grid-No.2 Supply Voltage ................. . 
Grid-No.1 Voltage ........................ . 
Cathode-Bias Resistor ..................... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) ............... . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ........................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 20 /LA .............................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

Triode Unit 
200 

-2 

70 
17600 

4000 
4 

-6 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

Pentode Unit 
46 200 volts 

126 126 volts 
0 volts 

68 ohms 

76000 ohms 
12500 /Lmhos 

40- 26 mA 
16- 7 mA 

-9 volts 

volts 

Triode Unit Pentode Unit 
0.6 0.26 megohm 

1 1 megohm 
• This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

a recurrent waveform such that the 

Refer to chart at end of section. 6HG5 

Refer to chart at end of section. 6HG8 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6HGSI 
ECFS6 

5HG8/LCF86 
7HG8/PCF86 

Miniature type with frame-grid pentode unit used as 
9MP combined oscillator and mixer tubes in vhf color and 

black-and-white television receivers. Outlines section, 6B; requires minia
ture 9-contact socket. Types 5HG8/LCF86 and 7HG8/PCF86 are identical 
with type 6HG8/ECF86 except for heater ratings. 

Heater Voltage (ac/dc) .... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ... . 
Peak Heater-Cathode Voltage ....... . 

5HG8/ 
LCF86 

6.3 
0.45 

11 
±100 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ... .. . ..................... . 
Grid-No.2 (Screen-Grid) Voltage ..................• 
Cathode Current .................................. . 
Plate Dissipation ... . ........................... . 
Grid-No.2 Input .... . .................... . 

CHARACTERISTICS 
Plate Voltage ........... . .................... . 
Grid-No.2 Voltage. . . . ......... . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Amplification Factor ........................ '.' ... . 

6HG8/ 
ECF86 

6.3 
0.34 

±100 max 

7HG8/ 
PCF86 

7.2 
0.3 

±100 max 

Triode Unit Pentode Unit 
125 250 

150 
15 18 

1.6 2 

100 

-3 
17 

0.6 

170 
160 

-1.2 

volts 
ampere 
seconds 

volts 

volts 
volts 

mA 
watts 
watt 

volts 
volts 
volts 
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Mu-Factor. Grid No.2 to Grid No.1 ................ . 
Plate Resistance (Approx.) ....................... . 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5500 
Plate Current .................................... 14 
Grid-No.2 Current ..............................•. 

MAXIMUM CIRCUIT VALU£S 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................•• 
For cathode-bias operation 0.5 

70 
0.35 

12000 
10 

3.3 

0.25 
0.5 

6HJ5 

6HJ8 

6HK5 

Refer to chart at end of section. 

Refer to chart at end of section. 

6HL8 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The triode unit is used as 
a sync-separator or voltage-amplifier tube, and the 
pentode unit is used as a video if-amplifier, age-ampli
fier, or reactance tube. Outlines section, 6B; requires 
miniature 9-contact socket. Heater: volts (ac/dc), 6.3; 
amperes, 0.6; warm-up time (average), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 9AE 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

megohm 
pmhos 

mA 
rnA 

megohm 
megohm 

Plate Voltage .. . . . . . . . . . . . . . 330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage 330 volts 
Grid-No.2 Voltage ................................. See curve page 300 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 0 0 volts 
Plate Dissipation .................................. 2.5 2.5 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ........... 0.55 watt 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage ... 
Grid-No.2 Voltage 
Grid-No.1 Voltage .. 
Amplification Factor ..... 
Plate Resistance (Approx.) 
Transconductance 
Plate Current ..... 
Grid-No.2 Current 
Grid-No.1 Voltage (Approx.) for plate current of 

20 pA .. 

125 

-1 
40 

5000 
7000 
12.5 

125 
125 
-1 

150000 
10000 

12 
4.5 

-7 

volts 
volts 
volt 

ohms 
pmhos 

rnA 
rnA 

volts 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 1 megohm 

6HM5 For replacement use type 6HM5/6HA5. 

6HMSI 
6HAS 
2HM5/2HAS 
3HMS/3HAS 
4HM5/4HAS 

HIGH-MU TRIODE 

Miniature type used as rf-amplifier tube in vhf color 
and black-and-white television tuners. Outlines section, 
5C; requires miniature 7-contact socket. Types 2HM5/ 
2HA5, 3HM5/3HA5, and 4HM5/4HA5 are identical 
with type 6HM5/6HA5 except for heater ratings. 

~
H4 5P 

H 3 ___. 6 IS 

K 2 7 K 

I 
GI 

7GM 
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Heater Voltage (aelde) .. . 
Heater Current .. _ . _ .. _ ... . 
Peak Heater-Cathode Voltage 
Direct Intel'electrode Capacitances: 

2HM5/ 
2HA5 

2.0 
0.6 

±110 max 

3HM5/ 
3HA5 

2.7 
0.45 

±110 max 

Grid to Plate ... . ..................... . 

4HM5/ 
4HA5 

4.0 
0.3 

±110 max 

Grid to Cathode, Heater, Internal Shield, and Extei'nal Shield 
Plate to Cathode, Heater, Internal Shield, and External Shield 
Cathode to Plate ................... .............. . 
Cathode to Heater, Grid, Internal Shield, and External Shield 
Heater to Cathode .......................................... . 
Heater to Grid ..................................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage .............................................. . 
DC Plate Supply Voltage ....................................... . 
Grid Voltage .................................................. . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 

CHARACTERISTICS AND TYPICAL OPERATION 

6HM5/ 
SHA5 

6.3 
0.18 

±110 max 

0.36 
4.3 

0.080 
2.9 
3.1 
2.3 

0.070 max 

220 
600 

-50 
22 

2.6 

Fixed Bias Cathode Bias 
DC Plate Supply Voltage ........... . 136 135 135 135 
Plate-Load Resistor ................ . 1000 5600 
Internal-Shield Voltage ........ : .... . 0 0 0 0 
DC Grid Voltage .................... . -1 -2.7 
Cathode-Bias Resistor .............. . 0 87 
Amplification Factor ................ . 72 80 72 
Transconductance ................... . 14500 1500 20000 14500 
Plate Current ...................... . 11.5 19 11.6 
DC Grid CUrl'ent .................... . 10 
Grid-No.1 Voltage for one-per-cent 

transconductance ......... . -6.3 -8.1 

Refer to chart at end of section. 6HM6 
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volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts. 
mA 

watts 

volts 
ohms 
volts 
volts 
ohms 

pmhos 
mA 
pA 

volts 

~
H4 / HIGH-MU TRIODE 6HQ5 

H 3 ___ 6 IS 

K 2 7 K 

I 
GI 

7GM 

lHQS, 3HQS, 4HQS 

Miniature type used a;; grounded-cathode rf-amplifier 
tube in vhf tuners of television receivers. Outlines sec
tion, 5C; requires miniature 7 -contact' socket. Types 
2HQ5, 3HQ5, and 4HQ5 are identical with type 6HQ5 
except for heater ratings. 

2HQ5 
Heater Voltage (aelde) .......... 2.4 
Heater Current . . . . . . . . . . . . . . . . O.S 
Heater Warm-up Time (Average). 11 
Peak Heater-Cathode Voltage .... ±100 max 
Direct Interelectrode Capacitances (Approx.):' 

3HQ5 
3 

0.45 
11 

±100 max 

4HQ5 
4.2 
0.3 
11 

±100 max 

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

• With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage, Negative-bias Valu"" ........ " ..................... . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 

SHQ5 
6.3 
0.2 

±100 max 

0.52 
5 

3.5 
2.5 

200 
50 
22 
2.5 

volts 
ampere 
seconds 

volts 

pF 
pF 
pF 
pF 

volt. 
volts 

mA 
watts 
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CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage ................................................... . 
Amplification Factor ........................................... . 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Plate Current .................................................. . 
Input Resistance·· ............................................. . 
Input Capacitance·. . ........................................... . 
Noise Figure# ................................................. . 
Grid Voltage (Approx.) for transconductance of 150 /LmhOS ....... . 
Grid Voltage (Approx.) for transconductance of 1500 /Lmhos ...... . 

MAXIMUM CIRCUIT VALUE 

1S5 
-1 

78 
5400 

15000 
11.5 
275 

11.2 
4.7 

-4.2 
-2.5 

volts 
volt 

ohm. 
/Lmhos 

mA 
ohm. 

pF 
dB 

volts 
volts 

Grid-Circuit Resistance. for cathode-bias operation ............... 1 megohm 
•• Measured at 200 MHz with heater volts = 6.S volts and plate effectively grounded for rf 
voltages. 
# For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 

6HRS Refer to chart at end of section. 

6HR6 Refer to chart at end of section. 

6HS5 BEAM TRIODE 
Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.5. 

Class A, Amplifier 
CHARACTERISTICS 
Pulse Plate Voltage. . ........................................ . 

12GY 

S500 
Grid No.2 (Beam Plate) .............................. Connected to cathode at 

4.4 
SOO 
SOO 

Grid-Voltage, Negative-bias value ............................. . 
Peak Plate Current ........................................... . 
Amplification Factor .......................................... . 
Transconductance .............................................. . 
Plate Resistance (Approx.) ..................................... . 
Grid Voltage (Approx.) for plate current of 1 mA ............... . 

• Duty cycle of the pulse must be less than 2.5%. 

High-Vtlltage Regulator Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Plate Voltage# ........................................... . 
Plate Dissipation ............................................... . 
Peak Plate Current ........................................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
- Average value ............................................. . 

Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 

65000 
4600 
-13 

5500 
SO 

325 

+200 -450 
100 
220 

volts 
socket 

volts 
mA 

/Lmhos 
ohms 
volts 

volts 
watts 

mA 

volts 
volts 

·C 

Grid-Circuit Resistanc"" ........................................ . 0.1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
.. Larger values of grid-circuit resistance may be used if provisions are made to protect 
the tube. 
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H G2 
3 II 0 SHARP-CUTOFF PENTODE 

6HS6 ~
~ : 

G3 2 7 K 
III I 

(;1 

78K 

Miniature type used as if-amplifier and limiter tube 
in FM receivers. Outlines section, 5C; requires miniature 
7 -contact socket. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Intere.ectrode Capacitances: 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield 
Plate to Cathode, ii:~~t~~,' 'G~id . N~.2:· G~id' ·"ii~.3; . ~;"d ...... . 

Internal Shield .......................................... . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .......................................... . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive Value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ....................................... . 
Positive-bias value ........................................ . 

Plate· Dissipation .............................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 

6.3 volts 
0.45 ampere 

11 seconds 

±200 max volts 
100 max volts 

0.006 max volts 

8.8 pF 

5.2 pF 

300 volts 
o volts 

300 volts 
See curve page 300 

50 
o 
3 

volts 
volts 
volts 

1 watt 
See curve page 300 

Plate Supply Voltage ........................... . 75 150 volts 
Grid No.3 ....................................... . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................ . 
Amplification Factoro ••••••••••••••••••••••••••••• 

Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 /LA ...................................... .. 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

Connected to cathode at socket 
76 75 volts 
o 0 volts 

68 68 ohms 
60 

0.5 megohm 
9500 JLrnhos 

8.8 rnA 
2.8 rnA 

-4 volts 

For fixed-bias operation ................................... . 0.6 megohm 
For cathode-bias operation 

o Grid No.2 connected to plate. 

TYPE 6HS6 
GRID No.3 CONNECTED TO CATHODE 

o 

r- GR~ri-~~.C:~~i.TS • 75 
-

I 1 oj 

~'D-No. 1 VOLt EJ.-o!5 

P<Q.ECI·10 

,,- 1--

-- J:b 

100 " 200 
PLATE VOLTS 

-I 
f-oLf2 

-2 1.5 
-2A, 

300 
92C8-11483T 

1 megohm 
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6HS8 
3HS8 
4HS8 

SHARP-CUTOFF 
TWIN PENTODE 

Miniature type used in agc amplifier, sync, and noise
limiting circuits of color and black-and-white television 

. receivers. One pentode unit is used as combined sync 
separator and sync clipper; second pentode unit is 
used as age amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. Types 3HS8 and 4HS8 are 
identical with type 6HS8 except for heater ratings. 

Heater Voltage (ac/dc) .,"" ' , , , ' , , , , , , , , 
Heater Current ' , , ' , ' , ' , , , ' , , , , , , , , , 
Heater Warm-up Time (Average) "',','," 
Heater-Cathode Voltage: 

3HS8 
3.5 
0.6 
11 

Peak value """"',.,',',',"',"""""'" 
Average value ""',.,.,""',"',"""',"',' 

Dh'ect Interelectrode Capacitances: 

4HS8 
4.2 

0.45 
11 

±200max 
100 max 

Grid No.3 to Plate (Each Unit) ",.,""',.,',.,.,.,., .... , 
Grid No.1 to All Other Electrodes """,.,',"',.,',., .. , .. 
Grid No.3 (Each Unit) to All Other Electrodes '.,.,.' .. ,,' 
Plate (Each Unit) to All Other Electrodes ""', ... " ... , .. ' 
Grid No.3 (Unit No.1) to Grid No.3 (Unit No.2) , ... ,.,., .. , 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ","'."'" .. ,.".,."." ........... . 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value ,,',',.,.,",""',',',.,",.,",.,., ... 
DC negative value ".,""""""."",',.,", ... ,.".,'" 
DC positive value ".,.,"" """"",.,"","""',.,' .. 

Grid-No.2 (Screen-Grid) Voltage """",."., .. ,"",., ....... . 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value .,.".,,",. 
Cathode Current """",,"",.,","",',.,.","',.,',.,', .. 
Plate Dissipation (Each Unit) """""",."., .. ",.,'"., ... . 
Grid-No.2 Input ,.,',.,", .. ,."",',." .. ,., .. , .. ,',." .. ', ... . 

CHARACTERISTICS With One Unit Operating" 
Plate Voltage ,""',"".,', ... ,',.,"",.".".. 100 
Grid-No.3 Voltage ""',",""""""""""'" 0 
Grid-No 2 Voltage """"',,""',',""""".,' 67.5 
Grid-No.1 Voltage. " . , , " ""'" 0 
Transconductance, Grid No.3 to Plate ............. . 
Tl.'ansconductance, Grid No.1 to Plate ........ 1100 
Plate Current "",.,"""""'" 
Grid-No.3 Voltage (Appl'ox.) for plate current of 

Grid~~~' /~olt":ge' (App;'~~.,>, 'f,;,: 'j,lai~ '~~;,;,~';i' ~f" 
100 p.A """""',"",',""""'" 

o ' 100 200 300 
PLATE VOLTS 92CS-1I099T 

H 

9FG 

6HS8 
6.3 volts 
0.3 ampere 

seconds 

±200 max volts 
100 max volts 

2 pF 
6 pF 

3.6 pF 
3 pF 

0.015 max pF 

300 volts 

50 volts 
50 volts 

3 volts 
150 volts 

50 volts 
12 mA 

1.1 watts 
0.75 watt 

100 volts 
0 volts 

67.5 volts 
volts 

450 p.mhos 
p.mhos 

2 mA 

-3.5 volts 

-2.3 volts 
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With Both Units Op"ratinlf 
Plate Voltage (Each Unit) ........................ 100 
Grid-No.3 Voltage (Each Unit) .................... -10 
Grid-No.2 Voltage ................................ 67.5 

100 volts 
0 volts 

67.6 volts 
Grid-No.1 Voltage ............................... . volts 
Plate Current (Each Unit) ...................... . 
Grid-No.2 Current ................................ 7 

2 mA 
4.4 mA 

Cathode Current .................................. 7.1 8.5 mA 

MAXIMUM CIRCUIT VALUES 
Grid-No.8-Circuit Resistance (Each Unit) ...................... . 
Grid-No.1-Circuit Resistance ................................... . 

0.6 megohm 
0.5 megohm 

• With plate and grid No.3 of other unit connected to ground • 
• Adjusted to give gdd-No.1 current of 0.1 milliampere. 

Refer to chart at end of section. 6HU6/EM81 

Refer to chart at end of section. 6HU8/ELL80 

Refer to chart at end of section. 6HV5 

BEAM TRIODE 6HVSA 

12GY 

Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.8. 

Class Ai Amplifier 
CHARACTERISTICS 
Pulse Plate Voltage· ........................................... . 
Grid No.2 (Beam Plate) .............................. Connected 
Grid-Voltage, Negative-bias value ..... . ..................... . 
Peak Plate Current ............................................ . 
Amplification Factor ........................................... . 
Transconductance .............................................. . 
Plate Resistance (Approx.) ..................................... . 
Grid Voltage (Approx.) for plate current of 1 mA ............... . 
• Duty cycle of the pulse must be less than 2.5%. 

High-Voltage Regulator Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Voltage# ........................................... . 
Plate Dissipation .............................................. . 
Peak Plate Current ............. . ............................. . 
Heater-Cathode Voltage: 

Peak value ............................... . 
Average value ....... .. . ...... . 

Bulb Temperature (At hottest point) .. . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance.t. 

3500 volts 
to cathode at socket 

4.4 volts 
300 mA 
300 

65000 /lmhos 
4600 ohms 
-13 volts 

5500 volts 
35 watts 

325 mA 

+200 -450 volts 
100 volts 
240 °C 

0.1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
.6. Larger values of grid-circuit re:::;istance may be used if provisions are made to protect 

the tube. 

Refer to chart at end of section. 
For replacement use type 6JH5/6JD5/6HZ5. 6HZS!6JDS 
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6HZ6 SHARP-CUTOFF PENTODE 
SHZ6 

Miniature type used as sound-detector tube in FM and 
color and black-and-white television receivers. Tube 
has two independent control grids. Outlines section, 
5C; requires miniature 7-contact socket. Type 5HZ6 
is identical with type 6HZ6 except for heater ratings. 

cHeater Voltage (ac/dc) c c c. c ..... c ..............•. 
"' Heater Current .................................. . 

Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

Peak value ........... c ............ c ........ . 
Average value ............................... . 

Direct Interelectrode Capacitances (Approx.): 

5HZ6 
4.75 

0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate .. c ..................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. Grid No.3. and 

Internal Shield c ......................................... . 
Grid No.1 to Grid No.3 ................. c ................. . 
Grid No.3 to Plate .............. c ........................ . 
Grid No.3 to Cathode. Heater. Grid No.1. Grid No.2. Plate. 

and Internal Shield ...... c . c ............................ . 

Class Al Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .................................. c ....... . 
Grid-No.3 Supply Voltage ........ c ............................ . 
Grid-No.2 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ...... c' c ........... c. c ..... c ........ . 
Cathode-Bias Resistor .................... c .................... . 
Plate Resistance (Approx.) ................ c . . . .... c ... c 
Transconductance, Grid No.1 to Plate ........... . 
Transconductance, Grid No.3 to Plate ..... . ............... . 
Plate Current .. c ............... c . C •••• c .. 
Grid-No.2 Current ............. , ...................... . 
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 p,A .. 
Grid-No.1 Supply Voltage (Approx.) for ,Plate current of 20 p,A . 

TYPE6HZ6 
GRID-No.3 VOLTS'O 
GRID-No.2 VOLTS-IOO 

" I 1C2'- -Ib ~ 
'~'i'O >< - 1 o GRID-No.l-

:y~~ -:::::- ;'--VOLTS ECI 

~ '- Ib - - _1:r5i 
o 100 200 300 400 

PLATE VOLTS 9ZCS-1I79ZT 

FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .............................. . 
Grid-No.3 (Control-Grid) Voltage: 

Negative value (dc and peak ac) ......................... . 
Positive value (dc and peak ac) ........ . ........ . 

Grid-No.2 (Screen-Grid) Supply Voltage .................... . 
Grid-No.2 Voltage ... ,..................... . ............. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative .. bias value ....................................... . 
Positive-bias value ........................................ . 

Plate Dissipation .............................................. . 

~
4 sP 

H 3 ___.' b (;2 

---
~ 2 7 G3 

IS 1 
GI 

7EN 
6HZ6 

6.3 
0.45 

11 

±200 max 
100 max 

0.023 

8.2 
0.09 

1.6 

7.2 

150 
o 

100 
o 

180 
0.11 
3400 

600 
3.2 
3.2 
-7 

-4.5 

300 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 
pF 
pF 

pF 

volt. 
volt. 
volt. 
volt. 
ohms 

megohm 
p,mhos 
p,mhos 

rnA 
rnA 

volts 
volts 

400 
92CS-11793T 

volts 

100 volts 
25 volts 

300 volts 
See curve page 300 

50 
o 

1.7 

volts 
volts 

watt. 



TECHNICAL DATA 

Grid-No.3 Input ...................•..................•..•...... 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ....................•• 
For grid-No.2 voltages between 150 and 300 volts .......... . 

MAXIMUM CIRCUIT VALUES 
Grid-N 0.3-Circuit Resistance ................................... . 
Grid-No.l-Circuit Resists.nce: 

For fixed-bias operation ................................... . 
FOi' cathode-bias operation ................................. . 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

313 

0.1 watt 

1 watt 
See curve page 300 

0.68 

0.22 
0.47 

6HZ8 

6J4 

megohm 

megohm 
megohm 

6J4WA 

6J5 
6J5GT 

6J6 

6J6A 
5J6 

Miniature type used as combined rf power amplifier 
and oscillator or as twin af amplifier. With push-pull 
arrangement of the grids and the plates in parallel, 
this type can also be used as a mixer at frequencies 
as high as 600 MHz. Outlines section, 5C; requires 
miniature 7-contact socket. Type 5J6 is identical with 

7BF type 6J6A except for heater ratings. 

5J6 
Heater Voltage (ac/dc) .......................... . 4.7 
Heater Current .................................. . 0.6 
Heater Warm-up Time (Average) ............... . 11 
Peak Heater-Cathode Voltage ................... . ±100 max 
Direct Interelectrode Capacitances 

(Each Unit. Approx.): Unshielded 
Grid to Plate ............................... . 1.6 
Grid to Cathode and Heater ................. . 2.2 
Plate to Cathode and Heater (Unit No.1) ... . 
Plate to Cathode and Heater (Unit No.2) ... . 

0.4 
0.4 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive~bias value ............................... . 
Plate Dissipation .............................................. . 

CHARACTERISTICS 
Plate Voltage .......................................... . 
Cathode-Bias Resistor .......................................... . 
Amplification Factor .......................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance ..... ......................................... . 
Plate Current .............. . ................. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

'f Value is for both units operating at the specified conditions_ 

6J6A 
6.3 volts 

0.45 ampere 
11 seconds 

±100 max volts 

Shielded 
1.6 pF 
2.6 pF 
1.6 pF 

1 pF 

300 volt. 
0 volts 

1.5 watts 

100 volts 
50t ohms 
38 

7100 ohms 
5300 /Lmhos 

8.5 rnA 

Not i'ecommended 
0.5 megohm 
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RF Power Amplifier and Oscillator-Class C Telegraphy 
Key-down conditions per tube without modulation 

MAXIMUM RATINGS (Design-Center Values, Each Unit) 
Plate Voltage ....... _ ......................................... . 
Grid Voltage: 

Negative-bias· value ....................................... . 
Positive-bias value ....................................... .. 

Plate Current ................................................. . 
Grid Current ............... : .................................. . 
Plate Input ................................................... . 
Plate Dissipation ........•...................................... 

TYPICAL PUSH-PULL OPERATION (Both Units) 

300 

40 
o 

15 
8 

4.5 
1.5 

volts 

volts 
volts 

IDA 
IDA 

watts 
watts 

Plate Voltage .................................................. 160 volts 
Grid Voltage· ................................................. -10 volts 
Plate Current ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 80 IDA 
Grid Current (Approx.) ........................................ 16 IDA 
Driving Power (Approx.) .............. . . . . . . . . . . . . . . . . . . . . . . . . 0.35 watt 
Power Output (Approx.) ....................................... 3.5 watts 
• Obtained by grid resistor (625 ohms), cathode-bias resistor (220 ohms), or fixed supply. 

6J6WA 

6J6WB 

6J7 
6J7G 

6J7GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6J8G 

6J9 

6JIO 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6Z10/6JI0. 

6J11 
6JA5 
6JB5 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6JB5/6HE5. 

6JBS/6HES BEAM POWER TU BE 
Duodecar type used as vertical-deflection amplifier in 
television receivers. Outlines section, 15D; requires duo
decar 12-contact socket. 

Heater Voltage (ae/de) ......................................... 6.3 
Heater Current ................................................. 0.8 
Heater Cathode Voltage: 

Peak value ................................................. ±200 max 
Average value .............................................. 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .......................................... 0.49 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 9.5 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 6.5 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 60 250 
GI·id-No.2 (Screen-Grid) Voltage ................... . 
GI·id-No.l (Control-Grid) Voltage ................. . 

250 250 
0 -20 

Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 

50000 
4100 

Plate Current .................................... . 180- 48 
Grid-No.2 Current ................................ . 20- 3.5 
Grid-No.1 Voltage (Approx.) for plate current of 

100 p,A ....................................... . -50 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

p,mhos 
mA 
mA 

volts 
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"This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 

~~akPlp~:itYv~tP~Tse' Pl;"'t~' Voi~ge'# . : : : : : : : : : : : : : : : : : : : : : : : : : 
Grid-No.2 Voltage .............................................. . 
Peak Cathode Current .......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipationt .............. _ ............................... . 
Grid-No.2 Inputt ............................................... . 
Bulb Temperature· (At hottest point) ............................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

350 
2500 

300 
260 

75 
15 

2.75 
200 

volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

For fixed-bias operation . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 megohm 
For cathode-bias operation ...... . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds). 
t A resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6JB6 

H 

BEAM POWER TUBE 6JB6A 
lUB(jA, 17JB(jA 

9QL 

N ovar types used as high-efficiency horizontal-deflec
tion amplifiers in television receivers. Outlines section, 
32A; requires novar 9-contact socket. Types 12JB6A 
and 17 JB6A are identical with type 6JB6A except for 
heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) ......... . 

6JB6A 
6.3 
1.2 

12JB6A 
12.6 

0.6 
11 

17JB6A 
16.8 volts 
0.45 amperes 

11 seconds 
Heater-Cathode Voltage: 

Peak value ........................... . ±200 max ±200 max ±200 max volts 
Average value ........................ . 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ........................................ . 0.2 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

15 
6 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ............................. . 

Triode 
Connection· 

150 

Pentode 
Connection 
60 150 

Grid No.3 (Suppressor Grid) .............. . Connected to cathode 
Grid-No.2 (Screen-Grid) Voltage ........... . 
Grid-No.1 (Control-Grid) Voltage ........... . 
Mu-Factor, Grid No.2 to Grid No.1 ....... . 
Plate Resistance (Approx.) ............... . 
Transconductance ......................... . 
Plate Current ............................. . 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage for plate current of 1 mA 
• Grid No.2 connected to plate. 

-22.5 
4.4 

150 150 
o -22.5 

15000 
7100 

390" 70 
32" 2.1 

-42 

pF 
pF 
pi 

volts 
at socket 

volts 
volts 

ohms 
/Lmhos 

mA 
rnA 

volts 

"This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-lIne, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 

770 
6500 

volts 
volts 
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Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltaget ....................................... . 
DC Gl"id-No.2 Voltage ......................................... . 
DC Gl"id-No.1 Voltage ........................................ .. 
Peak ~egative-Pulse Grid-No.1 Voltage ....................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation· ............................................. . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point) ................ . 

MAXIMUM CIRCUIT VALUE 

1500 
70 

220 
-55 

330 
550 
175 

17.5 
3.5 
240 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

'C 

Gl'id .. No.l .. Cil'cuit Resistance, for grid-resistor .. bias operation .... megohm 
# Pulse duration must not exceed 15% of a hol"izontal scanning cycle (10 microseconds). 
t For horizontal-deflection service. a positive voltage may be applied to grid No.3 to minimize 
"snivets" intel'ference in both vhf and uhf television receivers. A typical value is 30 volts . 
• A bias resistor or other means is required to protect the tube in absence of ex-citation. 

.. 450 
!:! 
fit 

::1 400 ... 
IL 

~300 
::i 
...J 

:i 200 ... 
!c 
rt. 100 

o 

TYPE 6JB6A 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET r---
GRID - No.2 VOLTS -150 

GRID-No. I VOLTS ECI=O 

I Ib -5 
I 50 

.f\IC2 
-10 

I 

l ('ECI:O !'S 
-20 

Ir '---1-- -25 ---t-- o 
40 80 120 160 200 240 

PLATE VOLTS 92CS-1I835TI 

6JC6 Refer to chart at end of section. 

6JC6A SHARP-CUTOFF PENTODE 
3JC6A, 4JC6A 

Miniature type with frame grid used in if-amplifier 
stages of color and black-and-white television receivers 
utilizing intermediate frequencies in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con
tact socket. Type 4JC6 is identical with type 6JC6 
except for heater ratings. Types 3JC6A and 4JC6A are 
identical with type 6JC6A except for heater ratings. 

Heater Voltage (ae/de) ................... . 
Heater Current ..........................•. 
Heater Warm-up Time (Average) .........• 
Heater-Cathode Voltage: 

3JC6A 
3.5 
0.6 
11 

4JC6A 
4.5 

0.45 
11 

9PM 

6JC6A 
6.3 
0.3 

.volts 
ampere 
seconds 

Peak value ...........................• 
Average value ........................ . 

±200 max ±200 max ±200 max volts 
volts 100 max 100 max 100 max 

Direct Intel'electrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .......................................... . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................... . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Glid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 

330 
o 

330 

0.019 max 

8.6 

3 

pF 

pF 

pF 

330 volts 
o volts 

330 volts 
See curve page 300 



TECHNICAL DATA 

Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
PJate Dissipation ................................. . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

o 
2.5 

0.6 

o 
3.1 

317 

volts 
watts 

0.7 watt 
See curve page 300 

Plate Supply Voltage ........... . 125 125 volts 
Grid No.3 ................... . Connected to cathode at socket 
Grid-No.2 Supply Voltage .... . 125 125 volts 
Cathode-Bias Resistor ....... . 56 56 ohms 
Plate Resistance (Approx.) ....................... . 0.18 0.18 megohm 
Transconductance ........... . . . . .......... . 15000 16000 JLmhos 
Plate Current .............. . 13 14 rnA 

~~~t~~·.i CY~"ft~~~ . iApp~~,;.y . f~;' . 'pl~te~';~l:~';t . ;'r 3.2 3.4 rnA 

100 .uA ........................................ . 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance: 

For fixed-bias operation .... 
For cathode-bias operation 

TYPE 6JC6A 1. J. 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET. 
GRID -No. 21 VOlTi .12j 

-3 

0.25 
1 

~ 
I-~\JNO.I !OLTS 'EC'"O 

fl -b.5 
, 
.~ 

Ib -I 

/ _!.<:"2 _ ECI"O r---
/' -2 -1.5 

o 40 80 120 160 200 240 
PLATE VOLTS 9~CM-1I94eT 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

-3 

0.25 
1 

volts 

megohm 
megohm 

6JC8 

9PA 

Miniature type used as combined vhf oscillator and 
mixer tube in television receivers. Outlines section, 
6B; requires miniature 9-contact socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275 275 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 275 volts 
Grid-No.2 Voltage ................................ . See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 o volts 
Plate Dissipation .... . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 7 2.3 watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts 0.45 watt 
For .grid-No.2 voltages between 137.5 and 275 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage . . . . . . . . . . . . . . . . . 125 100 125 volts 
Grid-No.2 Voltage ................................ . 70 125 volts 
Grid-No.1 Voltage .......... . . . . . . . . . . . . . . -1 0 -1 volt 
Amplification Factor .............................. 40 
Plate Resistance (Approx.) . . . . . . . . . . . . . . . . 6000 
Transconductance 6500 

300000 ohms 
5700 5500 Ilmho. 

Plate Current 12 9 rnA 
Grid-No.2 Current 2.2 rnA 
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Grid-No.1 Voltage (Approx.) for plate current of 
20 p.A ....................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

-7 

0.1 
0.6 

6.6 volts 

megohm 
megohm 

6JD5 For replacement use type 6JH5/6JD5/6HZ5 

6JD6 SHARP-CUTOFF PENTODE 
lJD6,4JD6 

Miniature type with frame grid used as if-amplifier 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-contact 
socket. Types 3JD6 and 4JD6 are identical with type 
6JD6 except for heater ratings. 9PM 

3JD6 UD6 6JDG 
Heater Voltage.................................... 3.5 4.5 6.3 volts 
Heater Current ................................... 0.6 0.45 0.3 ampere 
Heater Warm-up Time (Average) ................. 11 11 seconds 
Heater-Cathode Voltage: 

Peak value .......................................... ±200 max ±200 max volts 
Average value........................................ 100 max 100 max volts 

Direct lnterelectrode Capacitances: 
Grid No.1 to Plate ........................................ 0.019 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 8.2 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 3 pF 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........... . 
Grid-No;2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input:' 

For grid-No.2 voltages up to 165 volts .....................• 
For grid-No.2 voltages' between 165 and 330 volts ........... . 

TYPE 6J06 
GRID No. 3 CONNECTED TO CATHODe"'" 

_ AT SOCKET. -
GRlrNo. 2 VOLTS. 125 

I I 
\~! :tb ..2-

rli Eci. -01-h:PfGRIO-No.I VOL.: 
-:;:;; wr C2 -I 

\. :tb -1.5 

/ .- -2 k12.5 
-3 

o 50 100 150 200 250 
PLATE'VOLTS 92CS-1I95IT 

CHARACTERISTICS 
Plate Supply. Voltage ......................................... . 
Grid-No.3 Voltage ............................................. . 
Grid-No.2 Supply 'Voltage ..................................... . 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
2.5 watts 

0.6 watt 
See curve page 300 

125 
o 

125 

volts 
volts 
volts 
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Grid-No.1 Supply Voltage ..................................... . 
Cathode-Bias Resistor .......................................... . 
Plate Resistance (Appl'ox.) .................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Appl'ox.) for transconductance of 600 I'mhos 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistanee: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

Refer to chart at end of section. 
For replacement use type 6MJ6/6LQ6/6JE6C. 

Refer to chart at end of section. 
For replacement use type 6MJ6/6LQ6/6JE6C. 

For replacement use type 6MJ6/6LQ6/6JE6C. 

Refer to chart at end of section. 

H 

o 
56 

160000 
14000 

15 
4 

-4.5 

0.25 
1 

6JE6 

6JE6A 

6JE6C 

6JE8 

319 

volts 
ohms 
ohms 

I'mhos 
mA 
mA 

volts 

megohm 
megohm 

BEAM POWER TUBE 6JF6 

9Ql 

17JF6, 2lJ'F6 
Novar type used as horizontal-deflection amplifier in 
black-and-white television receivers. Outlines section, 
18E or 18F; requires novar 9-contact socket. Types 
17JF6 and 22JF6 are identical with type 6JF6 except 
for heater ratings. 

Heater Voltage (ac/dc) ............. . 
Heater Current ..................... . 
Heater Warm-up Time (Average) ... . 
Heater-Cathode Voltage: 

6J'F6 
6.3 
1.6 

Peak value ...................... ±200 max 
Average value .................. 100 max 

Direct Interelectrode Capacitances (Approx.): 

17JF6 
16.8 
0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 

22JF6 
22 

0.45 
11 

±200 max 
100 max 

1.2 
22 

9 

CHARACTERISTICS 
Triode

Connection 
125 

Pentode Connection 
Plate Voltage ..................... . 50 130 
Peak Positive-Pulse Plate Voltage# .. 
Grid No.3 (Suppressor Grid) ....... . 

6500 
Connected to cathode at socket 

Grid-No.2 (Screen-Grid) Voltage ... . 125 125 125 125 
Grid-No.1 (Control-Grid) Voltage .. -20 o -20 
Triode Amplification Factor ........ . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage for plate current 

of 1 mA ..................... . 

4.1 

--125 

525t 
32t 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................ . 
DC Grid-No.3 Voltage· ....................................... . 

12000 
10000 

80 
2.5 

-40 

770 
6500 
1500 

100 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

volts 
volts 

ohms 
I'mhos 

mA 
mA 

volts 

volts 
volts 
volts 
volts 
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DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 
Peak Cathode Current .......................................... . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipationt ............................................. . 
Bulb Temperature (At hottest point) ........................... . 

220 
330 
950 
275 
3.5 
17 

240 

volts 
volts 

rnA 
mA 

watts 
watts 

·C 

TYPE 6JF6 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET. 

-", 
o 

lOOt! 

TYPE 6JF6 GRID-No.1 VOLTS- 0 
GRID No.3 CONNECTED TO CATHODE 

Ul looO AT SOCKET. r----,,--...,--r--i 
\ GRID-No.2 VOLTS -125 

~ f:l 
4---+---+---~--t-~eo~ 

~ 
~ eool-?--I--+-=,j..!'''''''-+--+-+--l 
~ :IE 

::"O':':,j....-.;~--+-+----t'60 :$ 
:! 
:E 

·~~~~~~~-+---t---;40", 

:i600IHf-f-= .... """''F--+::-+-+--l 
:E 

.; 
z 

w400h~r==t::t==t~~-j--1 ~ 

20 6 
-20 iE 
-25 0 (!) 

o 100 200 300 400 500 
PLATE VOLTS 92CS-11927T2 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

--I 
Q. 200 

o 

For cathode-bias operation ................................ . 
For grid-leak-bias operation ............................... . 
For fixed-bias operation .................................... . 

• Grid-No.2 connected to plate at socket. 

1 
10 

0.47 

92CS-1I923T2 

megohm 
megohms 
megohm 

t This value can be measUl'ed by a method involving a reCUl'rent waveform such that the 
maximum ratings of the tube will not be exceeded. 
# Pulse duration must not exceed 15% of a horizontal scanning cycle _10 microseconds). 
• In this service, a positive value may be applied to grid No.3 to minimize "snivetsU inter
ference; a typical value for this voltage is 50 volts. 
:I: A bias resistor or other means ,is requiI'ed to protect the tube in absence of excitation. 

6JG5 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniatue 9-contact socket. Heater: volts, 
6.3; amperes, 0.525; maximum heater-cathode volts, 
±200 peak, 100 average. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................................ . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........ . 
Grid-No.2 (Screen-Grid) Supply Voltage .................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive value ......... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor, Bypassed .................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance (Grid No.1 to Plate) ........... . 
Plate Current .................................... . 
Grid No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ..................................... . 

200 
150 

100 
60000 
11500 

25 
5.5 

-10 

9SF 

330 
o 

330 
See curve 

o 
5 

1.1 

60 
150 

0 0 

55 
18 

volts 
volts 
volts 

page 300 
volts 

watts 
watts 

volts 
volts 
volts 
ohms 
ohms 

/Lmhos 
rnA 
rnA 

volts 



TECHNICAL DATA 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ....................... , ......... . 

• Applied not exceeding two seconds, to avoid damage to tube. 

Refer to chart at end of section. 

0.25 
1 

6JG6 

321 

megohm 
megohm 

6JG6A 
BEAM POWER TUBE 17JG6A,2UG6A 

9QU 

N ovar type used as horizontal-deflection amplifier in 
low-B+, black-and-white television receivers. Outlines 
section, 3ID; requires novar 9-contact socket. For 
curves of average plate characteristics, refer to type 
6JF6. Types I7JG6A and 22JG6A are identical with 
type 6JG6A except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

6JG6A 
6.3 
1.6 

17JG6A 
16.8 
0.6 
11 

22JG6A 
22 volts 

0.45 amperes 
11 seconds 

Peak value .......................... . ±200 max ±200 max ±200 max volts 
Average value ....................... . 100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .................. ' ....................... . 0.7 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 22 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ............................. . 

Triode· 
Connection 

125 

9 

Pentode 
Connection 

50 130 

100 max volts 

pF 
pF 
pF 

volts 
Grid-No.3 (Suppressor Grid) ............... . Connected to cathode at sockct 
Grid-No.2 (Screen-Grid) Voltage .......... . 
Grid-No.1 (Control-Grid) Voltage ......... . 
Amplification Factor ...................... . 
Plate Resistance (Approx.) ................ . 
Transconductance ......................... . 
Plate Current ........................... .' .. 
Grid-No.2 Current ......................... . 
Grid-No.1 Voltage (Approx.), 

for plate current of 1 mA ............. . 

• With grid No.2 connected to plate at socket. 

-20 
4.1 

125 125 
o -20 

12000 
10000 

525' 80 
32' 2.5 

-40 

volts 
volts 

ohms 
I'mhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system. 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................ . 
DC Grid-No.3 Voltage· ....................................... . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..................................... . 
Plate Dissipationt ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for grid-No.l-resistor-bias opel'ation 

770 
6500 
1500 

75 
220 

-55 
330 
950 
275 
17 
3.5 
240 

2.2 

volts 
volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohms 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• In a horizontal-deftection-amplifier sel'Vice, a positive voltage (typical value, 30 volts) may 
be applied to grid No.3 to reduce "snivets" interference, which may occur in both vhf and 
uhf television receivers. 
t A bias resistor or other means is "equired to protect the tube in absence of excitation. 
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6JHS BEAM TRIODE 
6JHS/6HZS/6JDS 

Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15F; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 2.4. 

Class Ai Amplifier 
CHARACTERISTICS 
Pulse Plate Voltage* .................. . 
Grid No.2 (Beam Plate) ......... Connected 
Grid-Voltage, Negative-bias value ........................ . 
Peak Plate Current ........................................ . 
Amplification Factor ........................................... . 
Transconductance .............................................. . 
Plate Resistance (Approx.) ..................................... . 
Grid Voltage (Approx.) for plate CUl'rent of 1 mA ............. . 

• Duty cycle of the pulse must be less than 2.5%. 

High-Voltage Regulator Service 
For operation in a 525-Iine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Voltage# .......................................... . 
Plate Dissipation ............................................... . 
Peak Plate Current ........................................... . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value ............................................. . 

Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 

to 

12JE 

3500 
cathode at 

4.4 
300 
300 

65000 
4600 
-16 

5500 
35 

325 

+200 -450 
100 
240 

volts 
socket 

volts 
mA 

pmhos 
ohms 
volts 

volts 
watts 

rnA 

volts 
volts 

·C 

Grid-Circuit Resistance4 ........................................ 0.1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
4.Larger values of grid-circuit resistance may be used if provisions are made to protect 

the tube. 

6JH6 
4JH6 

SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type used in the gain-controlled picture if
amplifier stages of color and black-and-white television 
receivers. Outlines section, 5C; requires miniature 7-
contact socket. For curves of average plate characteris
tics, refer to type 6BZ6. Type 4JH6 is identical with 
type 6JH6 except for heater ratings. 

UH& 
Heater Arrangement .............................. . Series 
Heater Voltage (ac/dc) .......................... . 
Heater Current .................................. . 

4.2 
0.45 

Heater Warm-up Time ........................... . 11 
Heater-Cathode Voltage: 

Peak value ................................. . ±200 max 
Average value ................................. . 100 max 

Direct Interelectrode Capacitances: Unshielded 
Grid No.1 to Plate ........................... . 0.025 max 
Grid No.1 to Cathode, HeILter, Grid No.2, 

Grid No.3, ILnd Internal Shield ............. . 7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ........................ . 2 

• With external shield connected to cathode. 

~
H4 5P 

H 3 ::: " <>2 

2 7 
K <>3 

I IS 
GI 

7CM 
&JH& 

Parallel 
6.3 
0.3 

±200max 
100 max 

Shielded. 
0.015 max 

7 

3 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 



TECHNICAL DATA 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.3 (Suppressor-Crid) Voltage, Positive value ........... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages hetween 150 and 300 volts ........... . 

CHARACTERISTICS 
Plate Supply Voltage ......................................... . 
Grid-No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Connected 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor .......................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Transconductance Range for grid-No.1 voltage of -4.5 volts and 

cathode-bias resistor of 56 ohms ........................... . 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for transconductance of 50 "mhos 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias opel'ation .................................• 

BEAM~DEFLECTION TUBE 

323 

300 volts 
o volts 

300 volts 
See curve page 300 

o volts 

0.55 watt 
See curve page 300 

125 
to cathode 

125 
56 

0.26 
8000 

400-900 
14 

3.6 
-19 

0.25 
t 

volts 
at socket 

volts 
ohms 

megohm 
"mhos 

"mhos 
mA 
mA 

volts 

megohm 
megohm 

6JH8 
I( Miniature type used in color-demodulator and burst

gate ch'cuits in color television receivers. This type 
D.Ij Pz has two plates and two deflecting electrodes; the con-

trol grid varies beam deflection. Outlines section, 6E; 
l'equires miniature 9-contact socket. Pin 5 should be 

9DP connected to cathode at socket. The 6JH8 should be 
so located in the equipment that it is not subjected to stray magnetic fields. 
Heater Voltage (ac/de) ....................................... . 6.3 volts 
Heater Current ................................................ . 0.3 amperes 
Direct Interelectrode Capacitances: 

Grid No.1 to All Other Electrodes, Except Both Plates ..... . 7.5 pF 
Grid No.1 to Deflecting Electrode No.1 ..................... . 0.04 max pF 
Grid No.1 to Deflecting Electrode No.2 ...................... . 0.07 max pF 
Plate No.1 to All Other Electrodes ......................... . r, pF 
Plate No.2 to All Other Electt'odes ......................... . 5 pF 
Plate No.1 to Plate No.2 ................................. . 0.4 pF 
Deflecting Electrode No.1 to All Other Electrodes ......... . 
Deflecting Electrode No.2 to All Other Elecetrodes ......... . 

4.8 pF 
4.8 pF 

Deflecting Electrode No. 1 to Deflecting Electrode No.2 0.38 pF 

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate) ................................... . 330 volts 
Peak Deflecting-Electrode Voltage (Each Electrode): 

Negative value ............................................ . 165 volts 
Positive value ............................................. . 165 volts 

Grid-No.3 (Accelerating-Grid) Voltage ......................... . 330 volts 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Cathod" Current ............................................... . 

0 volts 
33 mA 

Plate Dissipation (Each Plate) ................................ . 3 watts 
Grid-No.3 Input ....... . ................. . 1 watt 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixpd-bias operation ................................... . 
For cathode-bias operation ................................. . 

0.1 megohm 
0.25 megohm 
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Class Al Amplifier 
·With both plates eonneeted together and with both 
de8eding elee1rodes eonnected to cathode at socket 

CHARACTERISTICS 
Plate-No.1 Supply Voltage ..................................... . 
Plate-No.2 Supply Voltage .................................... .. 
Grid-No.3 Voltage .............................................• 
Cathode-Bias Resistor ........................................•• 
Transconductance .............................................•. 
Total Plate Current ........................................... . 
Grid-No.3 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for total plate current of 10 p,A '" 

250 
250 
250 
220 

4400 
14 

1.5 
-13 

6JK6 Refer to chart at end of section. 

6JK8 Refer to chart at end of section. 

6JM6 Refer to chart at end of section. 

6JM6A 
17JM6A BEAM POWER TUBE 

Duodecar types used as horizontal-amplifier tubes in 
color and black-and-white television receivers. Outlines 
section, 39A; requires duodecar 12-contact socket. Type 
17JM6A is identical with type 6JM6A except for heater 
ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

6JM6A 
6.3 
1.2 

17JM6A 
16.8 
0.45 

11 

12FJ 

Peak value .................................. . ±200 max ±200 max 
Average value ............................... . 100 max 100 max 

Direct Interelectrode Capacitances: 
. Grid No.1 to Plate .. . .................................... . 0.6 

16 
7 

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.3 (Suppl'essor-Grid) ........ . 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 

. Grid-No.1 Voltage (Approx.) for plate 
current of 1 p,A ................. .. 

Amplification Factor ............... . 

MAXIMUM CIRCUIT VALUE 

Triode·· 
Pentode Connection Connection 

5000 55 250 150 
Connected to cathode at socket 
"0 "0 1~ "0 

-100 

o -22.5 -22.5 
15000 

7300 
345* 65 
30' 1.8 

-42 
4.4 

volts 
volt. 
volts 
ohms 

p,mho. 
mA 
mA 

volts 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 

volts 
volts 
ohms 

p,mhos 
mA 
mA 

volts 

Grid-No.1-Circuit Resistance .................................... megohm 

• This value can be measured by a method utilizing a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded • 
•• Grid No.2 tied to plate. 

Horizontal'Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltage ......................................... . 

770 
6500 
1500 

70 

volts 
volt. 
volts 
volts 



TECHNICAL DATA 

DC Grid-No.2 Voltage ....................................•..... 
DC Grid-No.1 Voltage. Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Current ...................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipation## .......................................... . 
Grid-No.2 Input ........................................•....... 
Bulb Temperature (At hottest point) .. ' ........... . 

220 
66 

330 
175 
550 
17.5 
3.5 
220 

325 

volts 
volt. 
volts 
mA 
mA 

watts 
watts 

·C 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microsecon.ds). 
HI: A bias resistor or other means is required to protect the tube in absence of excitation. 

He p 
6JN6 

BEAM POWER TUBE lZJN6,17JN6 

12FK 

Duodecar type used as horizontal-amplifier tube in 
color and black-and-white television receivers. Outlines 
section, 15A; requires duodecar 12-contact socket. This 
type is electrically identical with type 6JM6 except 
that it has a slightly lower grid-No.l-to-plate capaci
tance. Types 12JN6 and 17JN6 are identical with type 
6JN6 except for heater ratings. 

Heater Voltsge (ac/dc) ........................ . 
Heater Current ................................ . 
Heater Warm-up Time (Average) .............. . 
Direct Interelectrode Capacitances: 

6JN6 
6.3 
1.2 

12JNG 
12.6 

0.6 
11 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ........ . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........... . 

17JNG 
16.8 voltS 
0.45 amperes 

11 seconds 

0.34 pF 
16 pF 
7 pF 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6JN8 

9FA 

19JN8/19CL8A 

Miniature type used as FM converter and rf amplifier 
in radio receivers. Outlines section, 6B; requires minia
ture 9-contact socket. Type 19JN8/19CL8A is identi
cal with type 6JN8 except for heater ratings. 

Heater Voltage (acldc) ........................... . 
Heater Current ............................ . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Interelectrode Capacitances:* 
Pentode Unit: 

6JN8 
6.3 

0.45 
11 

±200 max 
100 max 

Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2. Grid No.3, and Internal 

Shield ............................................. .. 
Plate to Cathode, Heater, Grid No.2, Grid No.3. and Internal 

Shield ................................................... . 
Triode Unit: 

Grid to Plate ........................................ . 
Grid to Cathode, Heater, Pentode Cathode. Grid No.3. 

and Internal Shield ....................................... . 
Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield ....................................... . 

• With. external shield connected to cathode of unit under test. 

Class A, Amplifier 

19JN8/ 
19CL8A 

18.9 
0.15 

±200 max 
100 max 

0.01 

5.5 

3.4 

1.7 

3.2 

2.2 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ..................................... 300 300 
Grid-No.2 (Screen-Grid) Supply Voltage......... ... 300 
Grid-No.2 Voltage ................................. - Sec curve page 300 

volt. 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 

voltS 
volts 
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Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
, Plate Dissipation ................................. . 

0 0 volts 
2.6 2.5 watts 

Grid-No.2 Input : 
For grid-No.2 voltages up to 160 volts .......... . 0.55 watt 
For grid-No.2 voltages between 150 and 300 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage ..................................... . 

.Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ., .............................. . 
Amplification Factor ., ........... , ............... . 
Plate Resistance (Approx.) ..............•......... 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ........................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................... . 
For cathode-bias, operation ................... . 

125 

-1 
46 

5400 
8500 
13.1; 

-8 

2.2 
2.2 

6JQ6 BEAM POWER TUBE 
12JQ6, 17JQ6, with integral diode 

Miniature type featuring integral diode, internally 
connected to grid No.3, used in feedback-stabilized 
vertical-deflection-amplifier applications in color and 
black-and-white television receivers. Outlines section, 
6G; requires miniature 9-contact socket. Types 12JQ6 
and 17JQ6 are identical with type 6JQ6 except for 
heater ratings. 

Heater Voltage (ac/dc) .,., ......... . 
Heater Current ..................... . 
Heater Warm-up Time (Average) ... . 
Heater-Cathode Voltage: 

Peak value ..................... . 
Average value ... _ .............. . 

Direct Interelectrode Capacitances: 

6JQ6 
6.3 
1.2 

±200 max 
100 max 

12JQ6 
12.6 
0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate .. ' ... ,..... . ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Diode Plate .............. , .......................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Diode Plate .......................................... . 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............. . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Triode Amplification Factor. . .................... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage for plate current of 1 mA ..... . 
Instantaneous Diode-Plate-to-Cathode Voltage Drop 

for Instantaneous Diode-Plate Current of 2 mA .. 

40 
o 

120 
o 

150# 
20# 

Vertical-Deflection Amplifier 
For operation in a U5-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ' ... ' , ..................................... . 
Peak Positive-Pulse Plate Voltage 

(Absolute-Maximum Value)- ................................ . 
DC Grid-No.3 and Diode-Plate Voltage ......................... . 

125 volts 
125 volts 
-1 volt 

200000 ohms 
7500 ,.mho. 

12 mA 
4. mA 

-8 volts 

2.2 megohms 
2.2 megohms 

H 

9RA 

17JQ6 
17 

0.45 
11 

±200 max 
100 max 

0.32 

13 

6 

140 
o 

140 
-18 

6.5 
10500 

4200 
35 

2.5 
-37 

5 

425 

2000 
+10 

-150 

volts 
amperes 
seconds 

volts 
volts 

pF 

pF 

pF 

volts 
volts 
volts 
volts 

ohms' 
,.mhos 

mA 
mA 

volts 

volt.. 

volts 

volts 
volts 



TECHNICAL DATA 

DC Grid-No.2 Voltage """"""""""""""""""""", 
Peak Negative-Pulse Grid-No,1 Voltage .•......•.....••••••.••••• 
Average Cathode Current """""""."""""", .. "",." 
Peak Cathode Current """"""""""""""".,.", .. ". 
Average Diode-Plate (and Grid-No.3) Current ,.'""""",.,.". 
Plate Dissipation """", ... '"""" .. """"""., .. ", .. "., 
Grid-No.2 Input """"" .. """""""""""",."""" .. 
Bulb Temperature (At hottest point) """"""",.'"., .... ,., 

TYPE 6JQ6 TYPE 6JQ6 
GRID-No.2 VOLTS·140 GRID No.1 VOLTS-O 

330 
150 

70 
250 

1 
10 
2 

240 

327 

volts 
volts 
mA 
mA 
mA 

watts 
watts 

·C 

N 300 
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PLATE VOLTS 

'ZCS-IilUIT 
PLATE VOLTS 92CS-1411QT 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For grid-No.1-resistor-bias operation "".""""""""", 2.2 megohms 
For cathode-bias operation " , , , ... , , , , , . ' , , , , , . , , , , , , , . , , , 2.2 megohms 

• Grid No.3 and diode plate connected to cathode, and grid-No.2 connected to plate at 
socket. 
# This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
• Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds). 

6JR6 

9QU 

BEAM POWER TUBE 17JR6, 2lJR6, 33JR6 
Novar type used for horizontal-deflection amplifier 
service in low B+, black-and-white television receivers, 
Outlines section, 31D; requires novar 9-contact socket. 
Types 17JR6, 22JR6 and 33JR6 are identical with type 
6JR6 except for heater ratings. 

6JR6 
6.3 
1.6 

17JR6 
16.8 
0,6 

22JR6 
22 

0.45 

33JR6 
Heater Voltage (ac/dc) 
Heater Current .... 
Heater Warm-up Time 

(Average) """", 
Heater-Cathode Voltage: 

11 

33 
0.3 

11 11 

Peak value """" ±200 max ±200 max ±200 max 
100 max 

±200 max 
Average value "", 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate """"""""""""".".,.', .... " 0.7 
Grid No.1 to Cathode, Heater, Grid No.2, 

and Grid No.3 """'.'"","'.',.""""".'"",."", 
Plate to Cathode, Heater, Grid No.2, 

22 

and Grid No.3 ""'."""""." ... , .... ,." .. "", .. "" 9 

CHARACTERISTICS 
Plate Voltage " .. """"",.", 
Peak Positive-Pulse Plate Voltage# 
Grid No.3 (Suppressor Grid) "",. 
Grid-No.2 (Screen-Grid) Voltage " 
Grid-No.1 (Control-Grid) Voltage , 
Plate Resistance (Approx.): 
Transconductance .,'.',.".,., ... 

Class Ai Amplifier 
Triode" 

Connection 
125 

125 
-20 

Pentode Connection 
110 130 

6500 
Connected to cathode at socket 
125 125 125 

o -20 
18000 

7000 

volts 
amperes 

seconds 

volts 
volts 

pF 

pF 

pF 

volts 
volts 

volts 
volts 
ohms 

/tmhos 
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Plate Current ................... . 
Grid-No.2 Current : ............. . 
Grid-No.1 Voltage for plate 

current of 1 mA. . ......... . 
Amplification Factor ........... . 4.7 

-76 

'" ~,oo 0 
r 
~ 80 
::i 

470:1: 
32:1: 

TYPE 6JR6 

46 
1.6 

-32 

GRID -No. 3 CONNECTED TO 
CATHODE AT SOCKET. 

GRID-No.1 VOLTS-O 

mA 
mA 

volts 

I~ 

~ 

..J 
i 60 .., 0 

/r-" 
GRID-No.2 VOLTS EC2·'2~ 

~ K)O "-"~=-+---I-+-:=+---t--; 
!c 40 
~ 

20 

0 

0 

1 100 
75 r so 

If ~~~UO o 100 200 300 400 

tzCS-I_n 

Horizontal-Deflection Ampl ifier 
For operation In a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Plate Supply Voltage ......................................... . 
Peak Positive-Pulse Plate. Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.3 Voltage' ............................................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Voltage, Negative-bias value .... . ............... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipation •............................................... 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Cathode bias (with min. RK = 1000) ..... . ........ . 
Grid-leak bias (with signal peak. clamped to zero bias) ..... . 
Fixed bias (where positive grid current is not drawn) ....... . 

• Grid No.2 connected to plate at socket. 

PLATE VOLTS 'ZCS-llIIZTt 

770 
6500 
1600 

75 
220 
56 

330 
950 
275 
3.5 
17 

240 

1 
10 

0.47 

volts 
volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohm 
megohms 
megohm 

# Pulse duration must not exceed 16% of one horizontal scanning cycle (10 microseconds). 
:j: This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded . 
• In this service, a positive value may be applied to grid No.3 to minimize Usnivets" inter
ference; a typical value for this voltage is 30 volts • 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6JS6 
6JS6A Refer to chart at end of section. 

6JS6C BEAM POWER TUBE 
ZllS6A, 3IJS6C 

Duodecar types used as horizontal-deflection amplifiers 
in color and black-and-white television receivers. Out
lines section, 16B; requires duodecar 12-contact socket. 
Types 23JS6A and 31JS6A are identical with type 
6JS6C except for heater ratings. 

Heater Voltage (ac/dc) ............ . 
Heater Current .................... . 
Heater Warm-up Tme (Average) .. 

6JS6C 
6.3 

2.25 

23JS6A 
23.6 
0.6 
11 

31JS6A 
31.5 
0.45 

11 

12FY 

volts 
amperes 
seconds 
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Heater-Cathode Voltage: 
Peak value ........... ±200 max ±200 max ±200 max 

100 max Average value ................. 100 max 100 max 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ........................................ . 0.7 
24 
10 

Grid No.1 to Cathode, Heat .. r, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ......... . .......... . 
Grid No.3 (Suppressor Grid) ....... . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage 
Plate Resistance (Approx.) 
Transconductance ........ . 
Plat.. Current .......... . 
Grid-No.2 Current ............ . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ...... . 
Triode Amplification Factor 

Triodetf 
Connection 

125 

125 
-25 

Pentode ConneC.'tion 
5000 60 175 

Connected to cathode at socket 
125 125 120 

-125 

o -25 
5500 

11500 
GOO';' 1:10 
:l2t 2.H 

-54 

329 

volts 
volts 

pF 
pF 
pF 

V()lt~ 

volts 
volts 
ohms 

,umhos 
rnA 
mA 

volts 

t This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be cxeeederl. 
tt Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# .. . ............ . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.3 Voltage .......... . ............................. . 
DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ............... . 
Average Cathode Current ....................................... . 
Peak Cathode Current ...... . .................. . 
Plate Dissipation·· ............................................ . 
Grid-No.2 Input ......... . ............................. . 
Bulb Temperature (At hottest point) ........ . ................. . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

For grid bias feedback HV regulation 
For de 01' pulse shunt HV regulation 

990 
7500 
1200 

75 
220 
a30 
:150 

1200 
ao 

5.5 
225 

0.47 
10 

volts 
volts 
volts 
volts 
volts 
yolts 

rnA 
rnA 

waUs 
watts 

·C 

megohm 
megohms 

I/: Pulse duration must not exceed 15 f,{ of one horiz.ontal :~canning cycle (10 microseconds). 
"'. A bias resistor 01' other Ineans is required to protect the tube in absence of excitation 

o 100 200 300 400 
PLATE VOLTS 'OCS-14Iml 

Refer to chart at end of section. 

o 

"' .. 

6JT6 
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6JT6A BEAM POWER TUBE 
UJT6A,17JT6A 

Novar types used as horizontal-deflection amplifiers in 
high-efficiency deflection circuits of black-and-white 

H 

television receivers employing wide-angle or high- 90U 
voltage picture tubes. Outlines section, alA; requires novar 9-contact socket. 
Types l2JT6A and l7JT6A axe identical with type 6JT6A except for heater 
ratings. 

6JT6A 
Heater Voltage (ac/dc) ......................... 6.3 
Heater Current ................................ 1.2 
Heater Warm-up Time (Average) .............. . 
Heater-Cathode Voltage: 

12JT6A 
12.6 

0.6 
11 

Peak value .......................... . ±200 max ±200 max 
Average value ....................... . 100 max 100 max 

Dil'ect Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Gl'id No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class A, Amplifier 

17JT6A 
16.8 
0.45 

11 

±200 max 
100 max 

0.26 
15 

6.5 

Pentode Triode· 
CHARACTERISTICS Connection Connection 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

Plate Voltage ................................. . 60 250 150 volts 
Grid-No.3 (Suppressor Grid) .................. . Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage .............. . 150 150 150 volts 
Grid-No.1 (Control-Grid) Voltage ............. . o -22.5 -22.5 volts 
Triode Amplification Factor ................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA .................................... . 

• Grid No.2 connected to plate. 

15000 
7100 

390" 70 
32" 2.1 

-42 

4.4 
ohms 

,.mhos 
rnA 
rnA 

volts 

"This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.3 Voltage4 •.....•.•....•••.•••.••.•••...••...••...•• 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage, Negative-bias value .................... . 
Peak Negative-Pulse Grid-No.1 Voltage ........................ . 

-1500 
t! 
13400 

~ 
~300 
:.I 
:1200 
l&I 

tt a! 100 

o 

TYPE 6JT6A 
GRID No.3 CONNECTED TO 
CATHODE AT SOCKET. 
GRID-No.2 VOLTS-150 

I 
~RI~-No.1 VOLTS EClaO 

I Ib :'JS. 
I 

~a -10 

r 
-F= ~ECI"O 
r.. '--1-_ -

100 200 
PLATE VOLTS 

I 
-15 

-~ 
-215 

r--
- o 

300 
92CS -12480T 

770 
6500 
1500 

70 
220 
55 

330 

volts 
volts 
volts 
volts 
volts 
volts 
volts 



TECHNICAL DATA 

Peak Cathode Current .......................................•.. 
Average Cathode Current ...................................... . 
Plate Dissipationt .............................................• 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
MAXIMUM CIRCUIT VALUE 

&60 
176 

17.6 
3.6 
240 

331 

mA 
mA 

watts 
watts 

·C 

Grid-No.1-Circuit Resistance, for grid-resistor-bias ope"ation ...... 1 megohm 
/I Pulse duration must not exceed 15'/0 of a horizontal scanning cycle (10 microseconds). 
• A positive voltage may be applied to g"id No.3 to reduce interference f"om "snivets" which 
may occur in television receivers. A typical value for this voltage is 30 volts. 
t A bias resisto,' or other means is required to protect the tube in absence of excitation. 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 6JT8 

lOJT8 

9DX 

N eonoval type with frame-grid pentode unit used in 
color and black-and-white television receivers. The 
triode unit is used as a voltage-amplifier or sync
separator tube, and the pentode unit is used as a 
video-amplified tube. Outlines section, lOA, except base 
is small-button miniature 9-pin; requires miniature 9-
contact socket. Type IOJT8 is identical with type 
6JT8 except for heater ratings. 

Heater Voltage (ae/de) ......................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ............. . 
Heater-Catbode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Class Ai Amplifier 

UT8 
6.3 

0.725 

±200 max 
100 max 

10JT8 
10.2 
0.45 

11 
±200 max 

100 max 

volts 
ampere 
seconds 

volts 
volts 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
330 volts 

volts 
Plate Voltage ............ . . . . . . . . . . . . . . . . . . . . . . . . 330 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Appl'Ox.) for plate current of 

100 /LA ...................................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20/LA ...................................... .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................... . 
For cathode-bias operation ................... . 

- This value can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

o 
1 

250 

-2 

100 
37000 
2700 

1.5 

-5.3 

330 
See curve page 300 

o 
4 

1.1 
See curve page 300 

50 200 
100 100 

0 
82 

50000 
20000 

55- 17 
18- 3.5 

-5 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 
mA 

volt. 

volts 

0.5 0.25 megohm 
1 1 megohm 

recurrent waveform such that the 

6JU6 
BEAM POWER TUBE UJU6 

9Ql 

N oval' type used as horizontal-deflection amplifier in 
color television receivers. Outlines section, 18E or 18F; 
requires novar 9-contact socket. Type 22JU6 is iden
tical with type 6JU6 except for heater ratings. 
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Heater Voltage (ae/dc) .......................... . 
Heatel' Current .................................. . 
Heater Warm-up Time ......................... . 
Heater-Cathode Voltage: 

&JU6 
6.3 
1.6 

22JU6 
20 

0.45 
11 

Peak value .................................. . 
Average value ............................... . 

±200 max ±200 max 

Direct InterelectrodeCapacitances: 
100 max 100 max 

Grid No.1 to Plate ......................................... . 
Grid No.1, to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 

Class Al Amplifier 
Triodei' 

1.2 
22 

9 

CHARACTERISTICS Connection Pentode Connection 
Plate Voltage ..................... . 
Peak Positive-Pulse Plate Voltage# .. 

125 50 130 
6500 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

Grid No.3 (Suppressor ,Grid) ....... . 
Grid-No.2 (Screen-Grid) Voltage ... . 

Connected to cathode at socket 

Grid-No.1 (Control.Grid) Voltage ... . 
Amplification Factor ............... . 

125 125 125 
-20 0 

4.7 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Current ............... ' ...... . 
Grid-No.2. Current ................. . 
Grid-No.1 Voltage for plate current 

470tt 
32tt 

ollmA ..................... . -76 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plat~ Supply Voltage .................................... . 
Peak Positive--Pulse, Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltage' ........................................ . 
DC Grid-No.2 Voltage ......................................... . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Grid-No.2 Input ................................................ . 
Plate Dissipation" ............................................ . 
Bulb Temperature (At hottest point) .................•........ 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For grid-resistor-bias operation ............................. . 
For plate-pulsed operation ................................. . 

125 
-20 

18000 
7000 

46 
1.5 

-32 

770 
6500 
1600 

75 
220 

65 
330 
960 
275 
3.5 
17 

240 

0.47 
10 

volts 
volts 

ohms 
ILmhos 

mA 
mA 

volts 

volts 
volta 
volts 
volta 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 

megohm 
megohms 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
t Grid No.2 connected to plate. 
tt This value can be measured by a method involving a l'ecurrent waveform such that the 
maximum ratings of the tube will not be exceeded . 
• In this service, a positive value may be applied to grid No.3 to minimize Ifsnivets" inter .. 
ference; a typical value for this voltage is 30 volts . 
•• A bias l'esistor or other means is l'equh'ed to protect the tube in absence of excitation. 

In 

~IOOO 

i 800 

~ 600 

'" 5 400 
L 

200 

o 

TYPE 6JU6 
GRID -No.3 COt-jNECTED TO 

CATHODE AT SOCKET. 
GRID-No.1 VOUTS.O 

175 

/- ISO 

GRID-No.2 VOLTS EC2"2~ 

J' \00 

~ 
75 

1. 50 

If 
100 200 300 400 

PLATE VOLTS 92CS-12e2TZ 



TECHNICAL DATA 333 

Refer to chart at end of section. 6JU8 

H 

QUADRUPLE DIODE 6JU8A 
8JU8A 

9PQ 

Miniature type used in phase-detector and noise-im
mune color-killer circuits of color television receivers, 
and in bridge-matrixing circuits in FM stereo mUltiplex 
equipment. Outlines section, 6B; requires miniature 9-
contact socket. Units 1 and 2 are shielded from units 
3 and 4 to minimize coupling between the series

connected pairs of diodes. Type 8JU8A is identical with type 6JU6A ex
cept for heater ratings. 

Heater Voltage (acldc) ......................... . 
Heater Current ................................. . 
Heater Warm-up Time ...................•......... 
Peak Heater-Cathode Voltage .................... . 
Direct Interelectrode Capacitances (Approx.): 

6JU8A 
6.S 
0.6 

±300 max 

Plate of Unit No.1 and Cathode of Unit No.2 to Cathode of 
Unit No.1 ............................................... . 

Plate of Unit No.1 and Cathode of Unit No.2 to Plate of 
Unit No.2 ............................................... . 

Plate of Unit No.2 to Heater and Internal Shield ........... . 
Plate of Unit No.3 and Cathode of Unit No.4 to Cathode of 

Unit No.S ............................................... . 
Plate of Unit No.3 and Cathode of Unit No.4 to Plate of 

Unit No.4 ............................................... . 
Plate of Unit No.4 to Heater and Internal Shield ........... . 
Cathode of Unit No.1 to Heater and Internal Shield ........ . 
Cathode of Unit No.S to Heater and Internal Shield ......... . 

MAXIMUM RATINGS (Design-Center Values, Each Diode Unit) 
Peak Inverse Plate Voltage ..................................... . 
Peak Plate Current ............................................ . 
Average Output Current ...................................... _. 
CHARACTERISTIC, Instantaneous Value (Each Unit) 
Plate Current for plate voltage of 10 volts ................ _ .... . 

HIGH-MU TRIODE-
SHARP-CUTOFF PENTODE 

8JU8A 
8.4 volts 

0.45 ampere 
11 seconds 

±SOOrnax volts 

1.8 pF 

2.2 pF 
0.62 pF 

1.9 pF 

2.2 pF 
0.94 pF 

1.8 pF 
1.9 pF 

300 volts 
54 rnA 
9 rnA 

60 iliA 

6JV8 
alVa 

Miniature type used in television receiver applications, 
particularly those having low-voltage "B" supplies. 
The triode unit is used in sound-if, keyed-agc, sync
separator, sync-amplifier, and noise-suppression cir
cuits. The pentode unit is especially useful as a video 
amplifier tube. Outlines section, 6E; requires minia
ture 9-contact socket. Type 8JV8 is identical with type 
6JV8 except for heater ratings. 

Heater Voltage (acldc) ......................... . 
Heater Current ..................................• 
Heater Warm-up Time (Average) ............. _ .. 
Heater-Cathode Voltage: 

Peak value .................................•. 
Average value ............................... . 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

6JV8 
6_S 
0.6 
11 

±200 max 
100 max 

Grid to Plate .............................................• 
Grid to Cathode and Heater ...............................• 
Plate to Cathode and Heater ............................•• 

Pentode Unit: 
Grid No.1 to Plate .......................................•. 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.S. and 

Internal Shield .......................................... . 

8JV8 
8.5 volts 

0.45 ampere 
11 seconds 

±200 max volts 
100 max volts 

2.2 pF 
3 pF 
2 pF 

0.08 max pF 

8 pF 
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Plate to Cathode, Heater, Grid No.2, Grid No.8, and 
Internal Shield ........................................••. 8.2 

0.012 max 
0.24 max 

Pentode Grid No.1 to Triode Plate ....................•.....•• 
Pentode Plate to Triode Plate ................................ . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ...................................•• 330 330 
Grid-No.2 (Screen-Grid) Voltage .................• 880 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value .......................•..•. 
Negative-bias value ..........................• 

Plate Dissipation ................................ . 
Grid-No.2 Input ...... " " ................. . 
CHARACTERISTIC Triode Unit 
Plate Voltage ...............•.•.•.. 200 
Grid-No.2 Voltage .................. . 
Grid-No.1 Voltage .................. . 
Amplification Factor ............... . 
Plate Resistance (Approx_) ......... . 
Transconductance ................... . 
Plate Current ..................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 20 p.A ............. . 
MAXIMUM CIRCUIT VALUES 
Grid-Nb.1-Current Resistance: 

-2 
70 

0.0175 
4000 

4 

-5 

60 
200 

o 

o 
50 

1.1 

o 
60 
4 

1.7 
Pentode Unit 

125 200 
125 200 
-1 -2.9 

0.1 
11600 

22 

" 
-6.5 

0.15 
10700 

22 
4 

-9 

pF 
pF 
pF 

volts 
volts" 

volts 
volts 

watts 
watts 

volts 
volts 
volts 

megohm 
p.mh08 

rnA 
rnA 

volts 

For fixed-bias operation .......•...•.......••• 0.5 0.25 megohm 
For cathode-bias operation ................... . 1 1 megohm 

• Tbis value can be measured by a method involving 
maximum ratings of the tube will not be exceeded_ 

a recurrent waveform such that the 

TYPE 6JV8 
TRIODE UNIT 

6JW81 
ECF802 

5JW8 
6LX8/LCF802 
9JW8/PCF802 

MEDIUM·MU TRIODE ...... 
SHARP·CUTOFF PENTODE 

Miniature type used as horizontal·oscillator and fre
quency-control tube in color and black-and-white tele
vision receivers_ Outlines section," 6B; requires minia
ture 9-contact socket. Types 5JW8, 6LX8/LCF802 and 
9JW8/PCF802 are identical with type 6JW8/ECF802 
except for heater ratings. 

Heater Voltage (ae/de) " .. 
Heater Current " .. " ..... . 
Heater Warm-up Time 

(Average) " .... " ..... "" 
Heater-Cathode Voltag.e: 

Peak value ... "." .... 
Average value ." .. " .. 

5JW8 
4.7 
0.6 

11 

±200 max 
100 max 

6JW8/ 
ECF802 

6.3 
0.43 

±200 max 
100 max 

6LX8! 
LCF802 

6 
0.45 

±200max 
100 max 

9AE 

9JW8! 
PCF802 

9 
0.3 

±200 max 
100 max 

volts 
ampere 

seconds 

volts 
volts 



TECHNICAL DATA 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Supply Voltage ............................ . 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Peak Cathode Currente ......................... . 
Cathode Current ................................. . 
Plate DissipatIOn ................................ . 
Grid-No.2 Input .................................. . 
Input Impedance at 60 Hz •.•••...•.....••.......... 

CHARACTERISTICS 
Plate Voltage ...................................•. 
Gdd-No.2 Voltage ................................ . 
Grid-No.1 (Control-Gt·id) Voltage ................. . 
Mu Factor, Gdd-No.1 to Grid-No.2 ...............• 
Amplification Factor ............................. . 
Input Resistance ................................ . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Plate Current: 

For gt·id-No.1 voltage of 0 volts ............... . 
For grid current of 10 /LA ..................•• 

Grid-No.2 Current for grid-No.1 voltage of 0 volts .. 
Grid-No.1 Voltage: 

For grid-No.1 CUlTent of +0.3 /LA ........... . 
F'jr plate and gt·id-No.2 voltage of 200 volts 

hnd plate current of 10 /LA .............••• 

MAXIMUM CIRCUIT VALUES 

550 
260 

10 
1.4 

50 

200 

-2 

70 
0.2 

3500 
3.5 

10 

-1.3 

335 

Pentode Unit 
650 volt. 
250 volts 
550 volts 
250 volt. 

60 rnA 
15 rnA 

1.2 watt. 
0.8 watts 

300 kohms 

100 volts 
100 volts 
-1 volts 

47 

0.4 megohm 
5500 /Lmhos 

6 rnA 
1.7 rnA 

12.5 rnA 
rnA 

3.6 rnA 

-1.3 volts 

-16 volts 

Grid-No.1-Circuit Resistance: 
For fixed-bias operation ...................... 0.56 megohm 
For cathode-bias operation .................... 3 1 megohms 

• With a maximum duty factor of 0.30 and maximum pulse duration of 30 microseconds. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
POWER PENTODE 

6JZ6 

6JZ8 
13JZ8, 17JZ8. 14JZ8. 

15JZ8 

H ·H 

Duodecar type used in combined vertical-deflection-os
cillator and vel·tical-deflection-amplifier applications in 
television receivers. Outlines section, 8e; requires duo-

12DZ 
heater ratings. 

decal' 12-contact socket. Types 13JZ8. 17JZ8. 24JZ8, 
and 25JZ8 are identical with type 6JZ8 except for 

6JZ8 13JZ8 17JZ8 24JZ8 25JZ8 
Heater Voltage (acldc) 6.3 12.7 16.8 24.2 26.2 
Heater Current 1.2 0.6 0.45 0.315 0.3 
Heater Warm-up Time 11 11 11 
Heater-Cathode Voltage: 

Peak value ±200 max ±200 max ±200 max ±200 max ±200 max 
Average value ..... 100 max 100 max 100 max 100 max 100 max 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage ............................... . 
Grid-No.2 (Screen-Grid) Voltage .............. . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) .................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage (Approx.) for plate current 

of 10 /LA ............................... . 

Triode Unit Beam Power Unit 
150 45 120 

-5 
20 

8500 
2350 

5.6 

-10 

110 110 
o -8 

122' 
16.5' 

11700 
7100 

46 
3.5 

volts 
amperes 
seconds 

volts 
volts 

volts 
volts 
volts 

ohms 
ttmhos 

rnA 
rnA 

volts 
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Grid-No.1 Voltage (Approx.) for plate current 
of 100 p.A ....•..........•...•.•.•..•....• -26 volts 

• This value can be measured by a method involving a recurrent waveform such that .the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation' in a 525-line, 30-frame system 

Triode 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................................ . 
Peak Positive-Pulse Plate Voltage# ............... . 
DC Grid-No.2 Voltage ............................ . 
Peak Negative-Pulse Grid-No.1 Voltage .......... . 
Peak Cathode Current ........................... . 
Average Cathode Current ......................... . 
Plate Dissipation. . .............................. . 
Grid-No.2 Input ................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Unit 
Oscillator 

260 

400 
70 
20 
1 

Beam Power 
Unit 

Amplifier 
260 

2000 
200 
160 
245 

70 
7 

1.8 

volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

For fixed-bias operation ...................... 1 1 megohm 
For cathode-bias operation .................... 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds) . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6K5GT Refer to chart at end of section. 

6K6GT POWER PENTODE 
Glass octal type used in output stage of radio re
ceivers and, triode-connected, as a vertical-deflection 
amplifier in television receivers. This type may be sup
plied with pin No.1 omitted. Outlines section, 13D; re
quires octal socket. This tube, like other power-han
dling tubes, should be adequately.ventilated. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Al Amplifier 
MAXIMUM RATING (Design-Center Values) 
Plate Voltage ................................................. . 
Grid-No.2 (ScI'een-Grid) Voltage ............................... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input .............................................. .. 

TYPICAL OPERATION 
Plate Voltage ................................. . 
Grid-No.2 Voltage ............................ . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Peak AF Grid-No.1 Voltage ................... . 
Zero-Signal Plate Current ..................... . 
Maximum-Signal Plate Current ............... . 
Zero-Signal Grid-No.2 Current ................ . 
Maximum-Signal Grid-No.2 Current ........... . 
Plate Resistance (Approx.) ................... . 
Transconductance . . ................. . 
Load Resistance . . . . . . ................... . 
Total Harmonic Distortion .................... . 
Maximum-Signal Power Output .............. . 

100 
100 
-7 

7 
9 

9.5 
1.6 

3 
104000 

1500 
12000 

11 
0.35 

250 
250 

-18 
18 
32 
33 

5.5 
10 

90000 
2300 
7600 

11 
3.4 

~
G2'4 ~GI 

P 3 

2 7 
H H 

I e K 
Ne G3 

75 
6.3 
0.4 

±200max 
100 max 

0.5 
5.5 

6 

315 
285 
8.5 
2.8 

315 
250 

-21 
21 

25.5 
28 

4.0 
9 

110000 
2100 
9000 

15 
4.5 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
/Lmhos 

ohms 
per cent 

watts 



TECHNICAL DATA 

TYPICAL PUSH-PULL OPERATION (Values are for two tubes) Fixed 
Bias 

Plate Supply Voltage ............................ . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ........................... . 
Peak AF Grid-No.l-to-Grid-No_l Voltage ......... . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current .............. . 
Effective Load Resistance (Plate-to-plate) ....... . 
Total Harmonic Distortion ....................... _ 
Maximum-Signal Power Output ................. . 

CHARACTERISTICS (Triode Connection)* 

285 
285 

-25_5 

51 
55 
72 
9 

17 
12000 

6 
10.5 

Plate Voltage ................................................. . 
Grid-No.1 Voltage ............................................. . 
Plate Current ............................................. . 
Transconductance .............................................. . 
Amplification Factor ......................................... . 
Plate Resistance (Approx_) ..... . .................... . 
Grid-No.1 Voltage (Approx.) for plate current of 0.5 mA 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistanoe: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

• Grid-No.2 connected to plate. 

Cathode 
Bias 
285 
285 

400 
51 
55 
61 

9 
13 

12000 
4 

9.8 

250 
-18 
37.5 

2700 
6.8 

2500 
-48 

0.1 
0.5 

337 

volts 
volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 

volts 
volts 

mA 
pmhos 

ohms 
volts 

megohm 
megohm 

Vertical Deflection Amplifier (Triode Connection)* 
For operation in a 52S ... line, 30-frame system 

MAXIMUM RATINGS 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ....... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation .............................................. . 

MAXIMUM CIRCUIT VALUE 

315 
1200· 

250 
75 
25 

7 

volts 
volts 
volts 

mA 
mA 

watts 

Grid-No.I-Circuit Resistance, for cathode-bias operation ......... . 2.2 megohms 

• Grid No.2 connected to plate. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
o Under no circumstances should this absolute value be exceeded. 

Refer to chart at end of section_ 

Refer to chart at end of section. 

Refer to chart at end of section. 

6K7 
6K7G 
6K7GT 

6K8 
6K8G 

6K8GT 

6Kll 
6Kll/6Qll 
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6KAS' 
.8KA8 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receivers. The triode unit is used in sync-sepa
rator circuits; the pentode unit has two independent 
control grids and is used in gated-agc-amplifier and 
noise-inverter circuits. Outlines section, 6E; requires 

H 

miniature 9-contact socket. For curves of average 9PV 
plate characteristics for triode unit, refer to type 6A WSA. Type SKAS is 
identical with type 6KAS except for heater ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

6KA8 
6.3 
0.6 
11 

±200 max 
100 max 

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

Pentode Unit: 
Grid No.1 to Plate ..................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Grid No.1 to Grid No.3 ................................... . 
Grid No.3 to Plate .............. . ........................ . 
Grid No.3 to All Other Electrodes. Heater, and Internal Shield 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage: 

Positive-bias value ........................................ .. 
Negative-bias value ......................................... . 

Plate Dissipation .........................................•... 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.3 Supply Voltage ....................... . 
Grid-No.2 Supply Voltage ....................... . 
Grid-No.1 Supply Voltage ....................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance, Grid No.1 to Plate ............. . 
Transconductance, Grid No.3 to Plate ............. . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Supply Voltage (Approx.): 

For plate current of 10 /LA ................... . 
For plate CUl'l'ent of 20 /LA ................. . 

Grid No.3 Supply Voltage (Approx.) for plate current 
of20/LA .................................. .. 

Triode Unit 
200 

-2 

70 
17500 
4000 

4 

-5 

8KA8 
8.4 volta 

0.45 ampere 
11 seconds 

±200max volts 
100 max volts 

2.2 pF 
2.8 pF 
2.2 pF 

0.1 max pF 

9.5 pF 
0.5 pF 
2.2 pF 

7 pF 

Triode Unit 
300 volta 

0 volta 
50 volta 

1.1 watta 

Pentode Unit 
150 volts 

0 volta 
100 volta 

0 volta 
180 ohms 

100000 ohms 
4400 /Lmhos 

600 /Lmhos 
4 mA 

2.8 mA 

volta 
-4 volts 

-7 volts 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

Triode Unit 

For fixed-bias operation ................................... . 0.25 megohm 
For cathode-bias operation ................................. . 1 megohm 

Gated AGC Amplifier and Noise Inverter 
MAXIMUM RATINGS (Design-Maximum Values) Pentode Unit 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Grid-No.3 (Control-Grid) Voltage: 

Positive-b!as value ......................................... . 
Negative-bias value ........................................ . 

Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative .. bias value ....................................... . 

300 volts 
600 volta 

o volts 
-100 volta 

300 volts 
See curve page 300 

o 
-50 

volts 
volta 



TECHNICAL DATA 

Plate Dissipation 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For grid-No.2 voltages between 150 and 300 volts ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance ................................... . 
Grid-No.1-Circuit Resistance: 

339 

2 watts 

1.1 watts 
See cu rve page 300 

0.68 megohm 

For fixed-bias operation .................................... 0.5 megohm 
For cathode-bias operation .................................. 1 megohm 

# Pulse duration must not exceed 15'/c of R horizontal scanning cycle (10 microseconds). 

o 50 100' 150 200 250 300 
PLATE VOLTS 9ZCS-1I594T 

TYPE 6KA8 
PENTODE UNIT 
GRID-No.2 VOLTS -100 
GRID-No.1 VOLTS - 0 

-8 
300 

'2CS-UI06T 

BEAM POWER TUBE 6KD6 

12GW 

JOKD6,36KD6/40KD6 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16C; requires 
duodecar 12-contact socket. Types 30KD6 and 36KD6/ 
40KD6 are identical with type 6KD6 except for heater 
ratings. 

Hea ter Voltage ..................... . 
Heater Current ..................... . 
Heater W&l"m-up Time ............. . 
Heater-Cathode Voltage: 

Peak value .................... . 
Average value ................. . 

Direct Interelectrode Capacitances: 

6KD6 
6.3 

2.85 

±200 max 
100 max 

30KD6 
30 

0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Positive DC Grid-No.3 Voltage ............................... . 
Grid-No.2 Vcltage . . ......................................... . 
Peak Negat.iv~-Puls .. Gl·id-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Cun'ent ..................................... . 
Plate Dissipation- ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

Class Ai Amplifier 

36KD6/40KD6 
36 

0.45 
11 

±200 max 
100 max 

0.8 
40 
16 

990 
7000 

20 
200 
250 

1400 
400 

33 
5 

225 

Triodri Pentode 
CHARACTERISTICS Connection Connection 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volt. 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

Plate Voltage ............................... . 150 60 150 volts 
Grid No.3 (Suppressor Grid) .................. . Connected to cathode at socket 
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Grid-No.2 (Screen-Grid) Voltage ............. . 
Grid-No.1 (Contl·ol-Gl"id) Voltage ............. . 
Ampliijcation Factor .......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................. . 
Plate Current ............................... . 
Grid-No.2 Current ............................ . 
Grid-No:1 Voltage (Approx.) for plate current 

of 1.0 p.A ............................... . 
MAXIMUM CIRCUIT VALUE 

160 
-22.6 

4 

110 
o 

110 volts 
-22.6 volts 

6000 ohms 
14000 Itmhos 

120 mA 
1.8 mA 

-40 volts 

Grid-No.1-Circuit Resistance ................................... . 
Grid-No.8-Circuit Resistance .................................... . 

2.2 megohms 
0.01 megohm 

• A bias resistor or other means is required to protect the tube in absence of, excitation. 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
tGrid-No.2 connected to plate at socket . 
•• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

6KD8 For replacement use type 6U8A/6KD8. 

6KE8 
4KE8,5KE8 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type with frame-grid pentode unit used as 
combined oscillator-mixer tube in television receivers 
using an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con
tact socket. Types 4KE8 and 5KE8 are identical with 
type 6KE8 except for heater ratings. 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-up Time (Average) ......... . 
Heater-Cathode Voltage: 

4KE8 
4.5 
0.6 
11 

5KE8 
6.6 

0.46 
11 

9DC 
6KE8 

6.8 
0.4 

Peak value ........................... . ±200 max ±200 max ±200max 
Average value ......................... . 100 max 100 max 100 max 

Direct Interelectrode Capacitances:t 
Tl"iode Unit: 

Grid to Plate .............................................. . 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, ,Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ..................................... . 
Pentode Unit: 

Grid No.1 to Plate ........................................ . 
Gl"id No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..................................... . 
Heater to Triode Cathode and Pentode Cathode ............... . 

l.3 

2.4 

2 

0.016 max 

6 

3.4 
6.6· 

t With external shield connected to cathode of unit under test, except as noted . 
• With external shield connected to ground. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltagf.' ................................... . 280 280 
Grid-No.2 (SCl·een-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................... . 

280 
See curve page 300 

Grid-No.1 (Control-Gl"id) Voltage, Positive-bias value 
Cathode Curt·ent ................................. . 

0 0 
20 20 

Plate Dissipation ........................... . 2 2 
Grid-No.2 Input: 

For grid-No.2 voltages up to 140 volts ......... . 
For grid-No.2 voltages between 140 and 280 volts 

0.5 
See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.2 Supply Voltage ....................... . 

126 125 
125 

Grid-No.l Supply Voltage ....................... . 
Cathode-Bias Resistor ............................ . 

0 0 
68 33 

Amplification Factor ............................. . 
Plate Resistance (Approx.) ..................... . 

,Transconductanee ................................ . 

40 
6000 126000 
8000 12000 

Kp 
7 G3p 

IS 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volt. 

volts 
mA 

watts 

watt 

volts 
volts 
volts 
ohms 

ohms 
p.mhos 



TECHNICAL DATA 

Plate Current ................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.): 

For plate current of 100 p.A ................. . 
For plate current of 50 p.A ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias o~eration ..................... . 
For cathode-bias operation ................... . 

TYPE6KE8 
TRIODE UNIT 

50 
.0 

341 

13 10 rnA 
2.8 rnA 

5 volts 
-3 volts 

0.5 0.25 megohm 
1 0.5 megohm 

TYPE6KE8 
PENTODE UNIT 
GRID-No.2 VOlTS "t5 

I 
40 

,.,CJ ;-

~$'/ ~,)'. Ib GRID-No.1 VOLTS ECI ~ 

30 :'> -0.2 

~ -0.4 ... ~ / //''',fJ 
///~)V"A? ..'be=-

-0.6- -
It 

"toClaO 

/ - -0.8. 
-I =--

IL 10.£. :.:::: ~V:-~~~-~2 -0.4'" r--
-Ll 

1--0.8 -I. 

100 200 300 400 o 100 200 ;'00 400 
PLATE VOLTS I2CS-II"7T PLATE VOLTS I2C'-1i101T 

POWER PENTODE 
H 

6KG6A/ 
ELS09 

9RJ 

40KG6A/PL509 

Magnoval type used as a horizontal-deflection ampli
fier in color television receivers. Outlines section, 38A; 
requires 9-contact magnoval socket. Type 40KG6A/ 
PL509 is identical with type 6KG6A/EL509 except for 
heater ratings. 

6KG6A/ 
EL509 

Heater Voltage (ae/de) ........................... . 6.3 
Heater Current .................................. . 2 
Peak Heater-Cathode Voltage ................... . 250 
Direct Interelectrode Capacitances: 

Plate to Grid-No.1 ........................... . 2.5 
Grid.No.1 to Heater ........... . 0.2 

Class Ai Amplifier 
CHARACTERISTICS 

Plate Voltage ..................................... . 45 
Grid-No.3 Voltaget ............................... . 0 
Grid-No.2 Voltage ................................ . 160 
Grid-No.1 Voltage ................................ . 0 
Plate Current" ......... __ ............... . 1000 (min.) 
Grid-No.2 CUrl"enta .... . ......................... . 

Horizontal-Defhlction Amptifier 
}'or operation ·in a 525-line; 30-fmme system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ....... . .................................. . 
Peak Positive-Pulse Plate Voltage" ............................. . 
Grid-No.2 Voltage (zero-current) .. . .................. . 
Grid-No.2 Voltage ............................................. . 
Plate Dissipation (Absolute-Maximum Value) ................... . 
Grid-No.2 Input ........................ . 
Cathode Current .................................... . 

40KG6A/ 
PL509 

40 
0.3 

160 
0 

160 
0 

1400 
45 

700 
7000 
700 
250 

34 
7 

500 

volt. 
amperes 

volts 

pF 
pF 

volts 
volts 
volts 
volts 

rnA 
rnA 

volts 
volts 
volts 
volts 

watts 
watts 

rnA 
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MAXIMUM CIRCUIT VALUES 
Grid-No.I-Cireuit Resistance: 

.For fi)(ed-bias operation ...................................• 0.25 megohm 
For cathode-bias operation .................................. 2.2 megohms 

* In horizontal-defieetion sel'vice, 15 volts may be applied to grid-No.3 to minimize snivets. 
• These values can be measured by.a method involving a recurrent waveform such that the 

maximum ratings of the tube will not be exeeecled. 
• Pulse dUl'ation must not exeeed 15% of a horizontal scanning cycle (10 microseconds). 

6KL8 Refer to chart at end of section, 

H 

-6KM6 
22KM6 BEAM POWER TUBE 

N ovar type used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 18A; requites novar 9-contact socket. Type 
22KM6 is identical with type 6KM6 except for heater 
ratings. 9QL 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time ........................... . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Interelectrode Capacitances: 

6KM6 
6.S 
1.6 

±200 max 
100 max 

22KM6 
22 

0.45 
11 

±200max 
100 max 

Grid No.1 to Plate ........................................ . 1.2 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 22 
Plate to Cathode, Heater, Grid No.2, and Grid No.S ......... . 9 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ....................... . 
Peak Positive-Pulse Plate Voltage'. 
Grid-No.3 (Suppressed-Grid) Voltage . 
Gl'id-No.2 (Screen-Grid) Voltage .. . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factort .............. . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage for plate current 

of 1 mA ..................... . 

Triode 
Connection 

140 

o 
140 

-24.5 

" 

Pentode Connection 
60 140 

6500 
SO SO SO 

140 140 140 
o -24.5 

6000 
9500 

560tt 80 
Sltt 2.4 

-110 -42 

TYPE 6KM6 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
volts. 
volts 

ohms 
/Lmbos 

mA 
mA 

volts 

8 I 0 ~ 
:=Ig:r:.~ ~t~:~O 

!i 1I001-f-~-+--;- '~~-j-+--lldO ~ i 40101+-+::7"''1---':: 80 ~ 
~~-+-- :'!~-+-+---i60 ~ 

+--+--140 N 
~ __ -r~_ ~ 

.~~~~~~5"Q;A~-+---I20 ~ 
i! 

L-~~~~~~~~~~O ~ o 100 200 :SOO 400 1100 
ezcs-11I8IT 

PLATE VOLTS 

0 

00 

o 

/' ~ \1Ig,1 

V --~ ~ ,., __ r--_ 

~. 
"ii'Rii -tlo.2. V()\.; 

EC.2· 75 

',?"- II 

Y 
100 2.00 :SOO 400 500 

PLATE VOLTS 8ZC1-111111T 



TECHNICAL DATA 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltage" ......................................... . 
DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current . . . . . . . . . . . . . . ................... . 
Grid-No.2 Input ....................... . 
Plate Dissipation-· .. . ............................... . 
Bulb Temperature (At hottest point) ............. . ......... . 
MAXIMUM CIRCUIT VALUES 
Gl'id~No.l-Cil'cuit Resistance: 

For grid-l'esistol'-bias operation ............................ . 
For plate-pulsed operation ................................ . 

343 

770 volts 
6500 volts 
1500 volts 

75 volts 
220 volts 
330 volts 
950 rnA 
275 rnA 
3.5 watts 
20 watts 

240 "C 

0.47 megohm 
10 megohms 

# Pulse 'duration must not exceed 15t;~) of a horizontal 
"t With grid No.3 and grid No.2 connected, respectively, 
tt This value can be measured by a method. involving a 
maximum ratings of the tube will not be exceeded . 

scanning cycle (10 microseconds). 
to cathode and plate at socket. 
recurt'ent waveform such that the 

• In this service. a positive value may be applied to grid No.3 to minimize "snivets" inter .. 
ference; a typical value for thi;-; voltage is 30 volts. , 
•• A hins l'('sistol' 01' ot.hel' mC'ans is requil'ed to p1'otect the tube. jn absence of excitation. 

DIODE-SHARP-CUTOFF 
THREE-PLATE TETRODE 6KM8 

Po GITR 
7 Miniature type used in frequency-divider and complex-

wave generator circuits of electronic musical instru-

9QG 

2TR ments. In such circuits the tetrode unit can provide 
three independent output-signal voltages; the diode 
unit can be used as a key in a vibrato circuit. Outlines 
section, 6E; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) ..................................... '" 
Heater Current ................................................• 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ..... , ....... , .......... , ...... , ...... , ...... . 

Direct Interelectl'Ode Capacitances: 
Tetl'ode Unit: 

Grid No.1 to Plate No.1A ................................. . 
Grid No.1 to Plate No.1B ................................. . 
Grid No.1 to Plate No.2 ................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.1A to Cathoae, Heater, Grid No.2, and Internal Shield 
Plate No.1B to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.2 to Cathode, Heater, Grid No.2, and Internal Shield 

Tetrode Grid No.1 to Diode Plate ............................. . 
Tetrode Plate No.1A to Diode Plate .......................... . 
Tetrode Plate No.1B to Diode Plate .......................... . 
Tetrode Plate No.2 to Diode Plate ........................... . 

CHARACTERISTICS 

Tetrode Unit as Class A, Amplifier 
Plates No. lA, 1B, and 2 connected together 

Plate Voltage .................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 Supply Voltage ..................................... . 
Grid-No.1 Resistor (Bypassed) ................................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance ............................................ , .. 
Plate Current ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate curl'ent of 20 p.A ....... . 

6.3 
0.3 

±200max 
100 max 

0.02 max 
0.02 max 
0.06 max 

5.5 
1.2 
1.3 
1.8 

0.024 max 
0.18 

0.024 
0.013 

100 
100 

o 
2.2 

30000 
3400 

4.2 
1.7 
-4 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

megohms 
ohms 

p.mhos 
rnA 
rnA 

volts 
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Triode Connection-Plates No.lA, IB, and 2 connected to grid No.2 
Plate Voltage ..............•................................... 100 
Grid-No.1' Supply Voltage ..................................... . 0 
Grid-No.1 Resistor (Bypassed) ................................. . 2.2 
Transconductance ............... , .........•......•............ 4500 
Amplification Factor ......................................... . 45 
Plate Current ........................... , ..................... . 5.5 

Separate-plate operation; plates not 
Plate 
Plate Voltage ... , ............................ . 
Grid-No.2 Voltage ............................ . 
Grid-No.1 Supply Voltage .................... . 
Grid-No.1 Resistor (Bypassed) ................ . 
Transconductance ............................. . 
Plate Resistance (Approx.) ..... , ............. . 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 

under 
lA 
100 
100 

o 
2.2 

2000 
0.1 
2.3 
3.8 

test grounded 
IB 2 

100 100 
100 100 

o 0 
2.2 2.2 

2000 1800 
0.1 0.12 
2.3 2.1 
3.8 3.3 

volts 
volts 

megohms 
pmhos 

rnA 

volts 
volts 
volt. 

megohms 
pmhos 

megohm 
mA 
rnA 

Tetrode Unit as Frequency Divider and Complex-Wave Generator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each plate) ................................... . 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ..... ,' ..... ,.,., ...... . 330 volts 
Grid-No.2 Voltage .. ' .......................................... . See curve page 300 
Grid-No.1 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Plate Dissipation (Each plate) ......... " ...... , ............... . 
Grid-No.2 Input: 

o 
50 
1 

volts 
volts 
watt 

For grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 165 and 330 volts ........... . 

0.65 watt 
See curve page 300 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for grid-No.1-resistor-bias operation 2.2 

Diode Unit 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Current ........ ' ................................. , ...... . 1 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 2 rnA ............•..... 10 

~ 
11/ ... 

TYPE6KM8 
GRID No. 2 CONNECTED TO PLATES lA, 

18 AND 2 AT SOCKET. 

~ 201--1--+ 

3 
i 15 
1&1 
!c 10 

ii! 

TYPE6KMS 
GRID-No.2 VOLTS-100 
~TES IA,IB,AND 2 CONNECTED 

TOGETHEj AT SOCKET. 

~L-~ :s 
V-

IS -~ --5t5< GRID.)lo.1 Wl.:rs Eg:-I 

,..;;;-r- I -1.5 :.-- ,'~.... ·2 
_ Uj ... -t;..·:.::."?--a. .... -t-EC -0 

megohms 

mA 

volts 

o 100 200 300 400 500 600 
PLATE VOLTS 9leS -II1I3TI 92CS-I0695T2 

6KN6 
BEAM PENTODE 4ZKN6 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out
lines section, 39B; requires duodecar 12-contact socket. 
Type 42KN6 is identical with type 6KN6 except for 
heater ratings. 12GU 



TECHNICAL DATA 

6KN6 42KN6 
Heater Arrangement ............................. . Parallel Series 
Heater Voltage ................................... . 6.3 42 
Heater Curl'ent ...... _ . _ .......................... . 3 0.45 
Heater Warm-up Time .......... . 11 
Heater-Cathode Voltage: 

Peak value .................. . ±200 max ±200 max 
Average value ..... . ................. . 100 max 100 max 

Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ................... . 
Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.1 (Control-Grid) Voltage . 
Plate Resistance ................ . 
Transconductance ............... . 
Plate Current ................... . 
Grid-No.2 Current ................ . 
Grid-No.1 Voltage (Approx.) for 

plate current of 1 rnA ....... . 
Grid-No.1 Voltage (Approx.) for 

plate current of 75 /LA ...... . 
Amplification Factor ............ . 

Triode· 
Connection 

130 
130 

-20 

4.5 

Pentode Connection 
5500 60 130 
125 126 130 

100 

o -20 
4000 

16000 
800~ 100 
50~ 4 

-33 

345 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 

volts 

~ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
• Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-Jine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................ . 
Grid-No.2 Voltage ............................................. . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Current ..................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipation. . ............................................ . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistsnce 

770 
6500 
1500 
220 
330 
400 

1600 
30 

6 
260 

volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

·C 

megohm 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds) . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

H 

Refer to chart at end of section. 

MEDIUM-MU TRIODE
SHAR~CUTOFF PENTODE 

6KNB/6RHHB 

6KR8 
10KR8 

9DX 

Miniature type used in television receiver applications. 
The triode unit is used as a general-purpose amplifier; 
the pentode unit is used as a video amplifier. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
lOKR8 is identical with type 6KR8 except for heater 
ratings. 

Heater Voltage (ac/dc) ......................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) .................• 
Heater-Cathode Voltage: 

Peak value ...................................• 
Average value ............................... . 

6KR8 
6.3 

0.75 

±200 max 
100 max 

10KR8 
10.5 volts 
0.45 ampere 

11 seconds 

±200 max volts 
100 max volts 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ........... : ........................ . 
Grid-No.2 (Screen-Gdd) Supply Voltage ........... . 330 

Pentode Unit 
330 volts 
330 volt. 

Grid-No.2 Voltage ................................ . 
. Gdd-No_1 (Control-Grid) Voltage, Positive-bias value 

See curve page 300 

Plate Dissipation .......... : ...................... . 
Grid-No.2 Input: 

0 0 volts 
2 6 watts 

For voltages up to 165 volts ................. . 1.1 watts 
For voltages between 165 and 330 volts ....... . See curve page 300 

CHARACTERISTICS Triode Unit Pentode Unit 
125 35 200 volts 

100 100 volts 
0 volts 

68 82 ohms 
46 

4400 60000 ohms 
10400 20000 /Lmhos 

15 54 19.5 mA 
13.5 3 rnA 

-8 volts 

-6.3 volts 

Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ..................... . 
Gdd-No.1 Voltage ............................. . 
Cathode-Bias Resistor ......................... . 
Amplification Factor .......................... . 
Plate Resistance (ApPl"Ox.) ................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Cunent ............................ . 
Grid-No.1 Voltage (Appl"Ox.) for plate current 

of 10 /LA ................................. . 
Gdd-No.1 Voltage (Approx.) for plate current 

of 100 /LA ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation ..................... . 0.5 0.6 megohm 
megohm For cathode-bias operation 1 1 

6KS6 For replacement use type 6BN6/6KS6. 

6KT6 
3KT6,4KT6 

SEMIREMOTE-CUTOFF 
PENTODE 

Miniature type with frame grid used as if-amplifier tube 
in television receivers utilizing an intermediate fre
quency in the order of 40 MHz. Outlines section, 6B; 
requires miniature 9-contact socket. Types 3KT6 and 
4KT6 are identical with type 6KT6 except for heater 
ratings. 9PM 

3KT6 4KT6 6KT6 
Heater Voltage (ac/dc) .................... 3.5 4.5 6.3 volts 
Heater Current ............................ 0.6 0.45 0.3 ampere 
Heater Wal'm-up Time (Avel'age) .......... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................ ±200 max ±200 max ±200 max volts 
Average value ......................... 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................................ 0.019 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Gdd No.3, and 

Internal Shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.5 pF 
Plate to Cathode. Heater, Gdd No.2, Grid No.3, and 

Internal Shield ........................................... 3 pF 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
P"late Voltage " ................................................ . 
Grid-No.3 (Suppressor-Grid) Voltage .......................... . 
Grid-No.2 (Screen-Gl'id) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Gdd) Voltage .............................. . 
Plate Dissipation .............................................. . 
Grid-No.2 Input: " 

For' grid-No.2 voltages up to 165 volts ..................... . 
For grid-No.2 voltages between 166 and 330 volts ........... . 

330 volts 
o volts 

330 volts 
See curve page 300 

o volts 
S.l watts 

0.6 watt 
See curve page 300 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Supply Voltage ........................... . 
Grid-No.3 Voltage ............................... . 
Grid-No.2 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................. . 
Plate Resistor ................................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for transconductance 

of 10 JLmhos .................................• 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........•............. 
For cathode-bias operation ..................•. 

TYPE 6KT6 
DCGRID-No.3VOLTS(Ec )'0 
DC GRID -No.2 VOL TyEc~1"1215· 

..QJ 

~ r~E$~~~r.lM 
I--f..l~ 

I}\ ~I , ~1.5 

125 
0 

125 
56 

160000 
18000 

17 
4.2 

/ - - =r~Jct'OI-
-5 

o 50 100 ISO 200 250 300 3110 

-

OC PLATE VOLTS 92CS-14009T 

347 

170 volts 
0 volts 

170 volts 
56 ohms 

ohms 
JLmhos 

mA 
mA 

-22 volts 

0.25 megohm 
1 megohm 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 6KT8 

9QP 

Miniature type used in color and black-and-white tele
vision receiver applications. The pentode unit is used 
as an if-amplifier tube, and the triode unit as a sync
separator or voltage-amplifier tube. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) .......................................•. 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectl'ode Capacitance::;: 
Triode Unit: 

Grid to Plate ............................... . 
Grid to Cathode, Heater, Grid No.3 of 

Pentode Unit, and Internal Shield ......... . 
Plate to Cathode, Heater, Grid No.3 of 

Penwde Unit, and Internal Shield ......... . 
Pentode Unit: 

Grid No.1 to Plate .................... . 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Grid of Triode Unit to Plate of Pentode Unit ... . 
Grid No.1 of Pentode Unit to Plate of Triode Unit 

Class A, Amplifier 

Unshielded 
3 

3.2 

1.6 

0.046 max 

7.5 

2.2 
0.018 max 
0.006 max 

6.3 
0.6 

±200 max 
100 max 

Shielded 
3 

3.2 

2.4 

0.030 max 

7.5 

2.8 
0.003 max 
0.002 max 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ...................................• 330 330 
Grid-No.2 (Screen-Grid) Supply Voltagc ......... . 330 
Grid-No.2 Voltagc ............................... . See curve page 300 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 

volt. 
volts 
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Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Plate Dissipation ................................. . 

0 0 volts 
1 2.5 watts 

Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts ......... . 0.55 watt 
For grid-No.2 voltages betweeny165 and 330. volts See curve page 300 

CHARACTERISTICS. 
Plate Voltage ...............................•.... 
Grid-No.2 Voltage .................................• 
Grid-No.1 Voltage ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) .......................• 
Transconductance ............................... .. 
Plate Current .................................... . 
Grid-No.2' Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 pA ...................................... .. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ....................•• 
For cathode-bias operation ...................• 

250 

-2 
100 

31500 
3200 

1.8 

-3.5 

0.5 
1 

125 
125 
-1 

150000 
10000 

12 
4.5 

-7 

0.5 
1 

6KU8 Refer to chart at end of section. 

6KV6 Refer to chart at end of section. 

6 KV6A BEAM POWER TUBE 
I7KV6A,22KV6A 

volts 
volts· 
volts 

ohms 
pmhos 

mA 
mA 

volt. 

megohm 
megohm 

H 

Novar type used for high-voltage pulse- or shunt
regulator applications in color television receivers. 
Outlines section, 3ID; requires novar 9-contact socket. 
Types I7KV6A and 22KV6A are identical with type 
6KV6A except for heater ratings. 9QU 

Heater Voltage (ae/dc) ................... . 
Heater Current ............................ . 
Heater Warm-up Time .................... . 
Heater-Cathode Voltage: 

Peak value ............................ . 
Average value ........................ . 

6KV6A 
6.3 
1.6 

+200 max 
-500 max 

100 max 

17KV6A 
16.8 
0.6 
11 

+200 max 
-500 max 

100 max 

22KV6A 
22 

0.45 
11 

+200 max 
-500 max 

100 max 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ........................... . 0.6 
Grid No.1 to Cathode. Heater. Grid No.2. 

and Grid No.3 ............................. . 
Plate to Cathode. Heater. Grid No.2. 

and Grid No.3 ............................. . 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............. . 
Grid-No.2 (Screen-Grid) Voltage ................. . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Triode Amplification Factor# ..................... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate current of 1 mA ..... . 

100 
o 

140 
o 

High-Voltage-Pulse Shunt Regulator 
For operation in a 525-line. 30-frame s7lltem 

MAXIMUM RATINGS (Design-Maximum Values) 

DC Plate Supply Voltage (Ib = 0 mAl ......................... . 
Peak Positive-Pulse Plate Voltag.... . ........................... . 

22 

9 

140 
o 

140 
-24.5 

4 
10000 

6000 
40 

2.4 
-42 

900 
6500 

volts 
amperes 
seconds 

volts 
volt. 

pF 

pF 

pF 

volts 
volts 
volts 
volts 

ohms 
ILmhos 

mA 
mA 

volts 

volts 
volts 
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Peak Negative-Pulse Plate Voltage ............................. . 
Peak Positive-Pulse Grid-No.2 Voltage ........................... . 
DC Grid-No.3 Voltage ......................................... . 
DC Grid-No.2 Voltage' ......................................... . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ....................................... . 
Plate Disslpationj: ............................................ . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ......................... . 

MAXIMUM CIRCUIT VALUE 

1500 
600 

75 
220 
250 
330 
950 
275 
28-

2 
240 

349 

volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·c 

Grid-No.1-Circuit Resistance: 
For grid-No.1-resistor-bias operation ........................ megohm 

# Grid-No.3 and grid-No.2 connected, respectively, to cathode and plate at socket . 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded . 
.. Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
j: Adequate circuit precautions must be taken to protect the tube in the absence of grid
No.1 bias . 
• Plate dissipations up to 32 watts maximum are permissible for short periods of time pro

vided the maximum envelopewtemperature rating is not exceeded. This condition may exist 
under high-line voltage, zero picture tube beam current. 

H 
HIGH-MU TRIODE

SHARP-CUTOFF PENTODE 
6KV8 

llKV8 

Miniature type with frame-grid pentode unit used in 
black-and-white television receivers. The triode unit is 
used in general-purpose voltage-amplifier, sync-sepa
rator, and sound-if-amplifier applications. The pentode 
unit is used as a video-output tube. Outlines section, 

9DX 6E; requires miniature 9-contact socket. For curves of 
average plate characteristics for triode unit, refer to type 6A WSA. Type 
llKVS is identical with type 6KVS except for heater ratings. 

6KVS llKV8 
Heater Voltage (ac/de) ........................... 6.3 10.9 volts 
Heater Current ................................... 0.775 0.45 ampere 
Heater Warm-up Time (Average) ................ 11 seconds 
Heater-Cathode Voltage: 

Peak value .................................... ±200 max ±200 max volts 
Average value ................................ 100 max 100 max volts 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

Grid to Plate ............................................... 3.7 pF 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ...................................... 2.5 pF 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ...................................... 2.4 pF 
Triode Grid to Pentode Plate ................................ 0.015 max 
Pentode Unit: 

Grid No.1 to Plate ........................................ 0.12 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 13 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... 4.S pF 
Pentode Plate to Triode Plate ................................ 0.17 max pF 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .................................... 300 300 volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........... 300 volts 
Grid-No.2 Voltage ................................ See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation .................................. 1 5 watt. 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 150 volts .......... 1 watt 
For Grid-No.2 voltages between 150 and 300 volts See curve page 300 
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CHARACTERISTICS 
Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ..................... . 
Grid-No.1 Supply Voltage ..................... . 
Cathode-Bias Resistor ......................... . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................. . 
Plate Current ................................ . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

100 /LA .................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Triode Unit Pentode Unit 
200 125 200 

125 126 
-2 0 0 

82 68 
70 

17500 55000 75000 
4000 21000 23000 

4 16.5 20 
3.1 3.5 

-4.5 -4.2 -4.2 

Triode Unit Pentode Unit 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
mA 

volts 

For fixed-bias operation ..................... . 0.5 0.1 megohm 
For cathode-bias operation ................... . 1 0.25 megohm 

TYPE 6KV8 PENTODE UNIT 
GRID - No.2 VOLTS -125 

ol,o-J , VOLTS J,-o 
lb • 

f - -0-

r - -I 

~ 
-1.1t 

C2 1 EC,-Ib.. -2 

- --r--... - i-'-'--Ir I I -2;5 ,... 
o 10 'DO 150 200 250 100 150 

PLATE VOLTS t2CS-II94IT2 

6KY6 Refer to chart at end of section. 

6KY8 Refer to chart at end of section. 

6 KY8A HIGH-MU TRIODE
BEAM. POWER TUBE 

15KYIA 
Novar type used in combined vertical-deflection-os
cillator and vertical-deflection-amplifier applications in 
black-and-white television receivers having low-voltage 
"8" supplies. Outlines section; 30A; requires novar 9-
contact socket. Type 15KY8A is identical with type 
6KY8A except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Average) ................ . 
Heater Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances (Approx.): 
Triode Unit: 

6KY8A 
6.3 
1.1 

±200·max 
100 max 

Grid to Plate ............................................. . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and· Heater ............................... . 

Pentode Unit: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode. Heater. Grid No.2. and Grid No.3 ..... . 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 ....... . 

9QT 
15KY8A 

15 
0.45 

11 

±200max 
100 max 

0.44 
15 

7 

0.048 
2.6 

0.28 

volts 
amperes 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 
pF 
pF 
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Class A, Amplifier 
CHARACTERISTICS Triode Unit 

250 

Beam Power Unit 
Plate Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ............... . 
Plate Resistance (Approx.) ....... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 rnA ............... . 

-3 
64 

40000 
1600 

1.4 

50 135 
120 120 

o -10 

18000 
8400 

170- 39 
20- 3 

-24 

• Triode connection, grid No.2 connected to plate at socket . 

120 
• 

-10 
7 

351 

volts 
volts 
volts 

ohms 
/Lmhos 

mA 
mA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 6KYBA 
BEAM POWER UNIT 

~250 GRID-No.2 VOLTS*120 

~ 
N 
u 

t1 
;WO 0 ; 
w w 

, 150 30~ 

14 

12 

TYPE 6KYBA 
TRIODE UNIT -0/ <"G 

oV,y 
~ 

r:.~r /:y 
V / / 

V ,) 
~ ~ 
2 100~~~-=~~~~~--+---420~ / / / //~ 

v-:: 
~ ~ -10 

~ 50i§~~~~~!~§§5E~C~.~0=]10 6 - -12 ffi 
-14 0 

o 100 200 300 400 500 o 
PLATE VOLTS 92CS-1I942TI 

/' 
,/ /' / 

V ~ ,/' ,/" 
100 WO 
PLATE VOLTS 

/ 
/ 

,/ 
,./' 

300 

Vertical·Deflection Oscillator and Amplifier 
For operation in a 525-line, aO·frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Voltage ............................... . 
Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum) ... . ........... . 
DC Grid-No.2 Voltage ........................... . 
Peak Negative·Pulse Grid-No.1 Voltage ........... . 
Peak Cathode Current .................. . 
Average Cathode Cunent ........................ . 
Plate DissiDation ................................. . 
Grid-No.2 Input ............. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Cil'cuit Resistance: 

Triode 
Unit 

Oscillator 
330 

400 
77 
22 

1.5 

Beam Power 
Unit 

Amplifier 
300 

2200t 
150 
250 
200 

60 
12 

1.9 

/ 
~ -~§ 

400 
92CS'1I944TI 

volts 

volts 
volts 
volts 
mA 
mA 

watts 
watts 

For grid-resistor-bias operation ................ 2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle 
t Under no conditions should this maximum value be exceeded. 

(2.5 milliseconds). 

Kp 
G)p 3 
IS 

H 

9FZ 

6KZ8 MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE SKZ8,9KZ8 

Miniature type used as combined oscillator and mixer 
in vhf color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5KZ8 and 9KZ8 are identical with type 
6KZ8 except for heater ratings. 
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Heater Voltage (ac/dc) ... . 
Heater Current .... . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value 
A verage value 

Direct Interelectl'ode Capacitances:* 
Triode Umt: 

5KZ8 
4.7 
0.6 
11 

±200 max 
100 max 

6KZ8 
6.3 

0.45 
11 

±200 max 
100 max 

Grid to Plate 
Grid to Triode Cathode, Pentode Cathode, Heater, 'P~'-'i';d~' G;·id 

No.3, and Heater ....................................... . 
Plate to Triode Cathode, Pentode .Cathode, Heater, Pentode Grid 

No.3, and Heater ......................... , ............. . 
Pentode Unit: 

Grid No.1 to Plate ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........... . ............................. . 
Heater to Cathode (Each Unit) ....................... . 

• With external shield connected to cathode. 

# With external shield cOl'nected to ground. 

9KZ8 
9.45 

0.3 
11 

±200max 
100 max 

1.6 

3.2 

1.8 

0.01 max 

5.5 

3.4 
3.2# 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ............................ . 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage 330 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

Grid-No.2 Voltage ......................... . See curve page 300 
Grid No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation ......... . 2.5 2.5 watts 
Grid-No.2 Input: 

For grid-No.2 voltage, up to 165 volts ..... 0.55 watt 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage ....... . ...................... . 125 125 volts 
Grid-No.2 Voltage ................................ . 125 volts 
Grid-No.1 Voltage ................................ . -1 -1 volt 
Amplification Factor ...........................•. 46 

5400 200000 ohms 
8500 7500 /Lmhos 

Plate Resistance (Approx.) ....................... . 
Transconductance ........................ . 
Plate Current ........... . .................. . 13.5 12 rnA 
Grid-No.2 Current ................................ . 4 rnA 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p,A .....•.................................. -8 -8 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation ...................... . 0.25 0.25 megohm 
megohm For cathode-bias operation ................... . 0.5 0.5 

6L5G Refer to chart at end of section. 

6L6 
6L6GC 

BEAM POWER TUBE 

Metal type 6L6 and glass octal type 6L6GC are used 
in the output stage of audio amplifying equipment, 
especially units designed to have ample reserve of 
power-delivering ability_ Outlines section, 4 and l~D, 
respectively; require octal socket. These tubes, lIke 
other power-handling tubes, should be adequately ven
tilated. Type 6L6GC can be used in place of type 6L6 
and may be supplied with pin 1 omitted. 

~
G! :1 

p 3 __ _ 

--. 
H 2 7 H 

I 8 

NC~::C:GG ~3 
7AC 
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Heater Voltage (ae/de) ...................................... . 
Heater Current ................................................ . 

6.3 

353 

volts 
ampere 

Heater-Cathode Voltage: 
Peak value ................................... . 

6L6 
±180 max 

0.9 
6L6GC 

±200max 
100 max 

volts 
volts Average value ...............................• 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ...........................• 
Grid No.1 to Cathode, Heater, Grid No.2, and 

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

Grid No.3 ................................. . 

• With pin 1 connected to pin 8. 

Class Al Amplifier 

0.4-

10-

12-

0.6 

10 

6.5 

pF 

pF 

pF 

MAXIMUM RATINGS 
Plate Voltage .................................... . 

6L6 
Design-Center 

Values 
360 

6L6GC 
Design Maximum 
Values 

500 volts 
volts 

watts 
watts 

Grid-No.2 (Screen-Grid) Voltage ................. . 
Plate Dissipation ................................ . 
Grid-No.2 Input ................................. . 

TYPICAL OPERATION 
Plate Voltage ................................ . 
Grid-No.2 Voltage ............................ . 
Grid-No.1 (Control-Grid) Voltage ............. . 
Peak AF GI·id-No.l Voltage .................. . 
Zero-Signal Plate Current .................... . 
Maximum-Signal Plate CUl'rent ............... . 
Zero-Signal Grid-No.2 Current ................. . 
Maximum-Signal Grid-No.2 Current ........... . 
Plate Resistance (Approx.) ................... . 
Transconductance ... . 
Load Resistance .............................. . 
Total Harmonic Distortion ............. . 
Maximum-Signal Power Output ........ . 

250 
250 

-14 
14 
72 
79 

5 
7.3 

22500 
6000 
250Q 

10 
6.5 

270 
19 

2.5 

300 
200 

-12.5 
12.5 

48 
55 

2.5 
4.7 

35000 
5300 
4500 

11 
6.5 

450" 
30 
5 

350 
250 

-18 
18 
54 
66 

2.5 
7 

33000 
5200 
4200 

15 
10.8 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
JLmhos 

ohm. 
per cent 

watts 

.. In push-pull circuits where gl'id No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum I"ating is 500 volts. 

Class A, Amplifier (Triode Connection)t 

MAXIMUM RATINGS 
Plate Voltage .................................... . 
Plate Dissipation (Total) ........................ . 

TYPICAL OPERATION 

6L6 
Design

Center Values 
275 

19 

Plate Voltage ............................................... . 
Grid-No.1 Voltage ............................................. . 
Peak AF GI·id-No.l Voltage .................................... . 
Zero-Signal Plate Current . . . . . . . . . . . . . . . ... . 
Maximum-Signal Plate Current ................................ . 
Plate Resistance (Approx.) ............. . .................... . 
Amplification Factor ........................................... . 
'fransconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distol'tiOD .................................... . 
Maximum·Signal Power Output ..................... . 

t Grid No.2 connected to plate. 

Push·Pull Class A, Amplifier 
MAXIMUM RATINGS (Same as for Class Al Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Peak AF Grid-No.l-to-Grid-No.l Voltage ......... . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Effective Load Resistance (Plate-to-plate) ......... . 
Total Harmonie Distortion ....................... . 
Maximum-Signal Power Output .................. . 

250 
250 

-16 
32 

120 
140 

10 
16 

5000 
2 

14.5 

6L6GC 
Design

Maximum Values 
450 volts 

30 watts 

250 
-20 

20 
40 
44 

1700 
8 

4700 
5000 

5 
1.4 

270 
270 

-17.5 
35 

134 
155 

11 
17 

5000 
2 

17.6 

volts 
volts 
volts 

mA 
mA 

ohms 

JLmhos 
ohms 

per cent 
watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohm. 
per cent 

watts 
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TYPE6L6GC 
GRID-No I VOLTS'O 

400 

r" i""" 350 

y...- 300 

V GRID-No.Z VOLTS ECZ=Z50 

~ ZOO 
150 
100 100 

t 
~ ECZ=50-

o 100 200 300 400 500 600 
PLATE VOLTS 9ZC5-I0327T 

Push-Pull Class AB, Amplifier 

MAXIMUM RATINGS (Same as for Class Al Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage ............................... . 
Grid-No.2 Voltage ............................ . 
Grid-No.1 Voltage ............................ . 
Peak AF Grid-No.l-to-Grid-No.l Voltage ..... . 
Zero-Signal Plate Current .................... . 
Maximum-Signal Plate Current ............... . 
Zel'o-Signal Grid-No.2 Current ............... . 
Maximum-Signal Grid-No.2 Current ........... . 
Effective Load Resistance (Plate-to-plate) ..... . 
Total Harmonic DistOl·tion .................... . 
Maximum-Signal Power Out.put ............... . 

360 
270 

-22.5 
45 
88 

132 
5 

15 
6600 

2 
26.5 

6I.6 
360 
270 

--22.5 
45 
88 

140 
5 

11 
3800 

2 
18 

Push-Pull Class AB. Amplifier 
MAXIMUM RATINGS (Same as for Class Al Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Peak AF Grid-No.l-to-Grid-No.l Voltage ......... . 
Zel'o-Signal Plate Current ....................... . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current ............. . 
Eff .. ctive Load Resistance (Plate-to-plate) ....... . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output .................. . 

MAXIMUM CIRC~IT VALUES 
Grid-No.I-Circuit Resistance: 

360 
225 

-18 
52 
78 

142 
3.5 
11 

6000 
2 

31 

For fixed-bias operation .................................. .. 
For cathode-bias operation .................................• 

6L6GC 
450 
400 

-37 
70 

116 
210 
5.6 
22 

5600 
1.8 
55 

360 
270 

-22.5 
72 
88 

205 
5 

16 
3800 

2 
47 

0.1 
0.5 

6L6G Refer to chart at end of section. 

6L6GB Refer to chart at end of section. 

6L7 Refer to chart at end of section. 

6L7G Refer to chart at end of section. 

volts 
volts 
volts 
volts 

mA 
rnA 
rnA 
rnA 

ohm. 
per cent 

watts 

volt. 
volts 
volt. 
volts 

rnA 
mA 
mA 
rnA 

ohms 
per cent 

watts 

megohm 
megohm 
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BEAM POWER TUBE 6LB6 

12JF 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out
lines section, 16E; requires duodecar 12-contact socket. 

Heater Voltage (ac/dc) ........................................ . 6.3 
2.25 Heater Current ........... . ............................ . 

Heater-Cathode Voltage: 
Peak value ±200 max 
Average value ......... , .... . 100 max 

Dil'ect Intel'electrode Capacitances: 
Grid No.1 to Plate .. . .................. . 0.44 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Phte to Cathode, Heater, Grid No.2, and Grid No.3 .. 

33 
18 

CHARACTERISTICS 
Peak Positive-Pulse Plate Voltage 
Plate Voltage ......... . 
Grid-No.3 (Suppressor Grid) 
Grid-No.2 Voltage 
Grid-No.1 Voltage .......... . 
Plate Resistance (Approx.) 
Transconductance .............. . 
Plate Current .............. . 
Grid-No.2 Current ............. .. 
Grid-No.1 Voltage (Approx.) for 

plate current of 1 rnA ......... . 
Amplification Factor ............ . 

• Grid No.2 tied to plate. 

Class A, Amplifier 
Triode

Connection 

125 

126 
-25 

4 

Pentode Connection 
6000 

50 150 
Connected to cathode at socket 
110 110 110 

-125 

-20 
6600 

13400 
105 

2 

-40 

volts 
amperes 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

volts 
volts 
ohms 

I'mhos 
rnA 
rnA 

volt. 

t This value may be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

recurrent waveform such that the 

Horizontal-Deflection Amplifier 
For operation in a 525-!ine. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive Pulse Plate Voltage# (Absolute Maximum Value) .. 
Peak Negative-Pulse Plate Voltage ............................ . 
Grid-No.3 Voltage, Positive-bias value .•......................... 
Grid-No.2 Voltage ........................................... . 
Peak Negative Grid-No.1 Voltage ............................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ......................................• 
Plate Dissipation" (Absolute Maximum Value) ................. . 
Grid-No.2 Input ......................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance:· 

With feedback-type high voltage regulation ................. . 
With shunt-type high voltage regulation (switching mode) .. 

Grid-No.3-Circuit Resistance ................................... . 

990 
7000 
100 

o 
200 
300 

1100 
315 
30 

5 
200 

1.2 
10 
o 

volts 
volts 
volts 
volts 
volts 
volts 

rnA 
rnA 

watts 
watts 

·C 

megohms 
megohms 

ohms 

"I Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6LB8 
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6LC8 
BLCI 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

~i~iature ~ype used in color and black-and-white tele
VISIOn receIver applications.Pentode unit is used in 
noise-immune gated-agc-amplifier circuits, and the 
triode unit in sync-separator circuits. Outlines section, 
6E; requires miniature 9-contact socket. Type 8LC8 is 
identical with type 6LC8 except for heater ratings. 
For curves of average plate characteristics, refer to 
type6KA8. 

Heater Voltage (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time (Avel'age) ................ . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

6LCS 
6.3 
0.6 
11 

±200 max 
100 max 

Grid to Plate ............................................. . 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 

Pentode Unit: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.3, Triode Cathode, and 

Internal Shield .......................................... . 
Grid No.3, Triode Cathode, and Internal Shield to Plate ..... . 
Grid No.1 to Grid No.3, Triode Cathode, and Internal Shield .. 
Grid No.3, Triode Cathode, and Intemal Shield to Plate, Cathode, 

Heater, Grid No.1, and Grid No.2 ........................ . 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ...................................... . 

Plate Dissipation .............................................. . 
.CHARACTERISTICS Triode Unit 
Plate Supply Voltage .............................. 200 
Grid-No.2 Supply Voltage ....................... . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance, Grid No.1 to Plate ........... . 
Transconductance, Grid No.3 to Plate ........... . 
Plate Cunent .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.): 

For plate current of 10 fJ.A ................... . 
FOl' plate current of 20 fJ.A ................... . 

Grid-No.3 Voltage (Approx.) for plate cunent of 
20 fJ.A ...................................... . 

MAXIMUM CIRl:UIT VALUES 
Grid-Circuit Resistance: 

-2 

70 
17500 

4000 

4 

-5 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

• With no external connection to triode plate and triode grid. 

9QY 
SLC8 
8.4 

0.45 
11 

±200 max 
100 max 

2.2 
2.8 
2.2 

0.10 max 

10 
3.4 

0.36 

12.5 

Triode Unit 
300 

0 
50 

1.1 
Pentode Unit 

150 
100 

180 

100000 
4400 

600 
4 

2.8 

-4 

-7· 

Triode Unit 
0.25 

1 

Gated AGC Amplifier and Noise Inverter 
For operation in a 525-line, 30-frame system 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

pF 

pF 
pF 
pF 

pF 

volts 

volts 
volts 

watts 

volts 
volts 
volts 
ohms 

ohms 
fJ.mhos 
fJ.mhos 

mA 
mA 

volts 
volts 

volts 

megohm 
megohm 

MAXIMUM RATINGS (Design-Maximum Values) Pentode Unit 
DC Plate Voltage .............................................. 300 volts 

volts Peak Positive-Pulse Plate Voltage# ............................. 600 
Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value ......................................... . 
Negative-bias value ........................................ . 

Grid-No.2 (Screen-Grid) Supply Voltage ....................... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Contl"Ol-Grid) Voltage: 

Positive-bIas value ......................................... . 
Negative-bias value ........................................ . 

o volts 
100 volts 
300 volts 
See curve page 300 

o 
50 

volts 
volts 



TECHNICAL DATA 

Plate Dissipation ..... ................... . ................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ..................... . 
For gt·id-No.2 voltages between 150 and 300 volts ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance: 

357 

2 watts 

1.1 watts 
See curve page 300 

For fixed-bias operation ..................................... 0.5 megohm 
FOl' cathode-bias operation .................................. 1 megohm 

:JI: Pulse duration must not exceed 15tj,) of a horizontal scanning cycle (10 microseconds). 

H 6LE8 
G3 TWIN PENTODE 10LES, ISLES 

7 pt Miniature type used as combined color demodulator 
and matrix amplifier in color television receivers 
utilizing high-level demodulation systems. Outlines 
section, 6G; requires miniature 9-contact socket. Types 
10LE8 and 15LE8 are identical with type 6LE8 except 
for heater ratings. 

6LES 10LES I5LES 
Heater Voltage (ac/dc) ................. 6.3 10.0 15.0 volts 
Heater Current ................. "............ 0.76 0.45 0.3 ampere 
Heater Warm-up Time (Average) ............ " 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ............................... +200, -300 max volts 
Average value ................................ +100 volts 

Direct Interelectrode Capacitances: 
Plate (Each Unit) to All Other Electrodes .................. 3.7 pF 
G"rid No.1 to All Other Electrodes .......................... 15.5 pF 
Grid No.3 (Each Unit) to All Other Electrodes .............. 6 pF 
Grid No.3 to Plate (Each Unit) ............................ 2.7 pF 
Grid No.3 (Unit No.1) to Grid No.3 (Unit No.2) ............ 0.1 pF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ... . ................................ . 
Grid-No.2 (Sct'een-Grid) Voltage 
Plate DissipatIOn (Each Unit) 
Grid-No.2 Input 

CHARACTERISTICS 

Plate Voltage ..... " ..... "."""""".". 
Grid-No.3 (Suppressor-Grid) Voltage 
Grid-No.2 Voltage """""""""""" .. ".""."." ....... " .. 
Grid-No.1 (Control·Grid) Voltage, Negative-bias value 
TransC"ondnctance (ApproY.'o) ......... . 
Plate Resistance (Approx.) 
Plate Current .. " ..... 
Grid-No.2 Current. . . " " " " " .... " 
Gricl-No.1 Voltage for plate current of 20 p.A 
Grid-No.1 Voltage for plate current of 100 p.A 
Grid-No.3 Voltage for plate current of 20 p.A 
Grirl-No.~ VoltngE" 1'01' Jllnt.(' C!l1l'l'ent or 100 ItA 

For replacement use type 6LF6/6LX6. 

G, Control 
100 

o 
)00 
2.5 

r,800 
;;0000 

8 
15 

-" 7.2 
-- 6.3 

BEAM POWER TUBE 

300 
150 

2 
2 

G:l Control 
)00 

o 
)00 
2.5 

350 
50000 

7.6 
14.5 

-17.4 
--lR.r, 

6LF6 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

Jtmhos 
ohms 

rnA 
rnA 

volts 
volts 
volt~ 
volt~ 

6LF6/6LX6 
20LF6 

12GW 

Duodecar type used as horizontal deflection amplifier 
in color television receivers. Outlines section, 16F; re
quires duodecar 12-contact socket. Type 20LF6 is iden
tical with type 6LF6/6LX6 except for heater ratings. 
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Heater Voltage (aelde) ..................... . 
Heater Current .............. . 
Peak Heater-Cathode Voltall'e ..................... . 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage ...................... . 
Gl·id-No.3 ,Suppressor-Grid) Voltage .. 
Gdd-No.2 (Screen-Grid) Voltage ..... 
Gdd-No.1 (Control-Grid) Voltage 
Plate Current ........................... . 
Grid-No.2 Current .............. . 

6LF6/ 
6I.X6 

6.3 
2.0 

±275 max 

50 
o 

175 
-10 

800 
70 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system. 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Plate Dissipation .............................................. . 
Gdd-No.3 Voltage ....................... . .......... . 
Grid-No.2 Voltage ............................................. . 
Gdd-No.2 Input .. ' ........................................ . 
Beam Plates Circuit Resistor ............... . 
Peak Negative-Pulse Grid-No.1 Voltage 
Bulb Temperatures .................... . 

20LF6 
20 

0.6 
±200 max 

160 
o 

160 
o 

1400 
45 

990 
8000 

40 
50 

275 
9 

10000 
550 
300 

volts 
ampere 

volts 

volts 
volts 
volts 
volts 
mA 
mA 

volts 
volta 

watts 
volts 
volts 

watts 
ohms 
volts 

'c 
'IF Pulse durntion must not exceed 22('/0 of a horizontal scanning cycle (18 microseeonds)~ 

6LF8 HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in video-amplifier stages of color 
and black-and-white television receivers. Outlines sec
tion, 6E; requires miniature 9-contact socket. 
Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) ............................... . 
Heater-Cathode Voltage: 

Peak value ............................................... . 
Average value ............................................. . 

Direct Interelectrode Capacitances: 
Triode Unit' 

Grid to Plate ............................................. . 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ..................................... . 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ...................................... . 
Pentode Unit: 

Grid No.1 to Plate .........................................• 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield . . ....................................... . 
Pentode Grid No.1 to Triode Plate ........................... . 
Pentode Plate to Triode Plate ................................ . 

9DX 
6.3 
0.6 
11 

±200max 
100 max 

2.2 

3.2 

l.8 

0.06 max 

10 

3.6 
0.008 max 

0.15 max 

Class A Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .................... '.' .............. . 330 330 
Gdd-No.2 (Screen-Gdd) Supply Voltage ......... . 330 
Grid-No.2 Voltage .............................. . See curve page 300 
Gdd-No.1 (Control-Grid) Voltage: 

Positive-bias value ........................... . 4 0 
Negative-bias value .......................... . -55 -55 

Grid-No.1 Current ............................... . 8 0 
Plate Dissipation ................................. . 1.1 3.75 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 1.1 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
volts 

mA 
watts 

watts 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Voltage ....................•• 
Grid-No.2 Voltage .................•• 
Grid-No.1 Voltage .................. . 
Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 20 "A ...............• 

"r-~7>--'--'--TT~Y~P~E~6~L~F8~ 
TRIODE UNI 

200 

-2 
70 

17500 
4000 

4 

o 
-5 

75 100 
150 150 

0 -2.5 

40 

3 
40 

10000 
4000 

'11 

200000 
11000 

50· 20 
12· 5 

2.7 0 0 

-8 

TYPE 6LFB 
60 PENTODE UNIT 

GRID-No.2 VOLTS"50 

359 

volts 
volts 
volts 

ohms 
pmhos 

rnA 
rnA 
mA 

volts 

N I I 
~ :3 50 '- GRID-No.1 VOLTS ECI'O 

~ ~ 40 lb I 

~:E A -I :53 30 IC2 J 
""2ti ~/ ,1_ 
~ 20 \\,. ~- ECI"O _I -3 

~ 10 '::: ;-~..1 !-..\,. ..... -l_4 
0. 3-H-S 

400 
92CS-12384T 

o 100 200 300 400 
PLATE VOLTS 92CS-12398T 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 

For fixed .. bias operation ...................... . 0.5 0.25 megohm 
For cathode-bias operation ................... . 1 1 megohm 

• 'rhis value can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

recurrent wavefol'm such that the 

Refer to chart at end of section. 
For replacement use type 6LJ6A/6LH6A. 

Refer to chart at end of section. 

Ie :3 __ •• b K BEAM TRIODE 

6LH6A 

6LJ6 

6LJ6A/ 
6LH6A ~

1~P5G 

H 2 7 H 

I 8 

IC IC 

BMQ 

Glass octal type used for the shunt regulation of high
voltage, low-current power supplies in color and black
and-white television receivers. Outlines section, 21D; 
requires octal socket. For high-voltage and X-ray 
safety considerations, refer to page 93. 

Heater Voltage (ac/dc) . . . . . . . . . . . . . . . . . . . . . . . . (i.3 
Heater Current ............................. . . . . . . . . . . . . 0.2 
Heater Cathode Voltage ....... . + not recommended, - ·450.:0 
Direct Interelectrode Capacitances: 

Grid to Plate ............................................. . 
Grid to Cathode and Hea tel" ............................... . 
Plate to Cathode and Heater ............................... . 

1 
2.6 

1 

volts 
ampere 

volts 

pF 
pF 
pF 

• Series impedance should be used with the cathode to limit the cathode current under 
prolonged short-circuit conditions to 450 rnA. 

Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 27000 volts 
Negative Grid Voltage ......................................... . 135 volts 
Peak Negative Grid Voltage. . ................................ . 
Plate Dissipation ........... . ............................ . 
Average Plate Current ........................................ . 

440 volts 
40 watts 

1.5 rnA 
TYPICAL OPERATION 
Unregulated DC Supply Voltage ............................... . 
Equivalent Resistance of Unregulated Supply ................... . 

36000 volts 
11 megohms 
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DC Reference Voltage ........................................•.• 200 volts 
Equivalent Resistance of Reference Supply ..................... . 1000 ohms 

200 J.lmhos 
1000 J.lA 

45 J.lA 
25000 volts 

Effeotive Grid-Plate Transconductance __ . __ .................... . 
DC Plate Current for Load Current of 0 mA ................... . 
DC Plate Current for Load Current of 1 mA ... _ ............... . 
Regulated DC Output Voltage for Load Current of 0 mA ....... . 
Regulated_ DC Ouput Voltage for Load Current of 1 mA ....... . 24500 volts 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance: 

For use with "Flyback Transformer" high voltage supply 3 megohms 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value con_trolled on a lot sampling basis . _ . _ ..... . 0.5 mR/hr 

• For interval of 20 seconds maximum during equipment warm-up period. 
Caution-Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

6LJ8 
4LJ8, SLJ8 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used as a combined oscillator and 
mixer in vhf television receivers. Outlines section, 
6B; requires 9-contact socket. Types 4LJ8 and 5LJ8 
are identical with type 6LJ8 except for heater ratings. 

4LJS GLJS 
Heater Voltage (ac/de) . __ .... __ ...... . 4.3 5.6 
Heater Current .. __ . _ ... _ .............. . 0.6 0.45 
Heater Warm-up Time (Average) .: ... . 
Heater-Cathode Voltage: 

11 11 

6LJS 
6.3 
0.4 

9GF 

Peak value ............ _ .... _ ..... _ . ±200 max ±200 max ±200 max 
Average value ...................... . 100 max 100 max 100 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ................. _ . . . . . . . . . . . . . . . . . . 280 280 
Grid-No.2 (Screen-Grid) Supply Voltage .......... 280 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

Grid-No.2 Voltage _ ....................... -...... See curve page 300 
Cathode Current ______ . ___ ............... __ . . . . . . . 20 20 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation ............. . . . . . . . . . . . . . . . . . . . . 2 2 
Grid-No.2 Input: 

For grid-No.2 voltages up to 140 volts ... _ . . . . . . 0.5 

mA 
volts 

watts 

watts 
For grid-No.2 voltages between 140 and 280 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage .................................... _ 125 125 
Grid-No.2 Voltage ......... _ ..................... . 125 
Cathode· Bias Resistor ..... _ ...................... . 68 33 
Amplilioation Factor _ .. __ . ____ . _ .. _ ............. _ . 40 
Plate Resistance (Approx.) ....... _ ............... . 5000 125000 
Transconductance ................................ . 8000 13000 
Plate Current .................... ___ ..... ___ . _ .. . 
Grid-No.2 Current .......... _ .................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

30 J.lA ....................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................... . 

13 12 
3.5 

-6.5 -4 

1 0.5 
For cathode-bias operation ................... . 0.5 0.25 

6LM8 MEDIUM-MU TRIODE-SEMI
REMOTE-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele-c2 
vision receiver applications. The pentode unit is used P 3 

in burst-amplifier circuits, and the triode unit as a 
general-purpose amplifier tube. Outlines section, 6B; 
requires miniature 9-contact socket. 

volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
mA 

volts 

megohm 
megohm 

H 

9AE 



TECHNICAL DATA 

Heater Voltage (ac/dc) ....................................... . 6.3 
Heater Current ...... . ........................................ . 0.45 
Heater-Cathode Voltage: 

Peak value ................................................ . ±200max 
Average value ............................................ . 100 max 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate .............................................. . 1.8 
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, 

and Internal Shield ...................................... . 3.2 
Plate to Cath<>de, Heater, Pentod. Cathode, Pentode Grid No.3, 

and Internal Shie!d ...................................... . 1.9 
Pentode Unit: 

Grid No.1 to Plate ......................................... . 0.015 max 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 5.5 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield .................................................. . 3.8 
Heater to Cathode (Each Unit) .............................. . 3.2 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentade Unit 
Plate Voltage ..................................... 330 350 
Grid-No.2 (Screen-Grid) Supply Voltage ........... 330 

361 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

Grid-No.2 Voltage ................................. See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 

volts Plate Dissipation .................................. 2.5 2.5 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Voltage ................................ . 
Grid No.1 Voltage ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ............................... . 
Grid-No.1 Voltage (Approx.) for plate current of 

10 p.A ......................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .....................•. 
For cathode-bias operation .................. . 

TYPE 6LM8 
o "ENTOOE UNIT GRID-No.2 VOL TS·125 

I Ib ~0.l. 
5 

,r-
fJ1f 'I. GRID- 0.1 V LTS ~I·-O.~ 

O~ Y 
r- -

le2 -1.5 ~~, 
\. Ib -.2 .l.\V o .Ir ,. -2.5 

,r: --_. 
-3 -r.:. ... _- -- -- --4 

y - - - 5 
-6 

100 ,2Ilg 300 
!>LATE VOLTS nCS-12Il6OT 

125 

-1 
46 

5400 
8500 
13.5 

-8 

0.5 
1 

Kp 
7 G3p 

IS MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

0.55 watts 
See curve page 300 

125 
125 
-2 

150000 
6000 

12 
4 

-14 

0.25 
0.5 

volt. 
volts 
volts 

ohm. 
p.mho. 

mA 
mA 

volt. 

megohm 
megohm 

6LNS/ 
LCFSO 

soc 
Miniature type used in frequency-changer service in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 
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Heater Voltage (ac/dc, ..................•...................... 6 
Heater Current .....................................••.......... 0.45 

±100max Peak Heater-Cathode Voltage ................................... . 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage ........................... . 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 
Grid-No.2 Voltage: 

With cathode earl'ent of 14 mA ............... . 
With cathode current Jess than 16 mA ......... . 

Cathode Current ................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

With J>late dissipation greater than 1.2 watts .. . 
With plate dissipation less than 1.2 watts ..... . 

CHARACTERISTICS 
Plate Voltage .............................•....... 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
AmpHflcation Factor ............................. . 
Mu-Factor. Grid No.2 to Grid No.1 ............... . 
Plate Resistance (Approx.) ....................... . 
'rranseonductance ................................ . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Input Resistance at frequency of 50 MHz ......... . 
Equivalent Noise Resistance .................... . 
MAXIMUM CIRCUIT VALUES 
Gl;d-No.I-Circuit Resistance: 

F<>r fixed-bias operation ..................... . 
For cathode-bias opel'ation ............... . 

Triode Unit Pentode Unit 
550 550 
250 250 

14 
1.5 

100 

-2 
20 

5000 
14 

0.5 
0.6 

550 

175 
200 

14 
1.7 

0.5 
0.75 

170 
170 
-2 

47 
0.4 

6200 
10 

2.8 
0.01 
1500 

0.5 
1 

volts 
ampere 

volts 

volts 
volt. 
volts 

volts 
volt. 

mA 
watt. 

watt 
watt 

volts 
volts 
volts 

megohm 
/Lmhos 

rnA 
rnA 

megohm 
ohms 

megohm 
megqhm 

6LQ6 
6LQ6/6JE68 
6LQ6/6JE6C 

For replacement use type 6MJ6/6LQ6/6JE6C. 

6LQ8 
llLQ8 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The pentode unit is used 
as a video output tube. The triode unit is used in sync 
separator and sound-if circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type llLQ8 is 
identical with type 6LQ8 except for heater ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current .................................. . 
Heater Warm-up Time ........................... . 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ...... . ............... . 

Direct Interelech'ode Capacitances: 
Triode Unit: 

6LQ8 
6.3 
0.7 

±200max 
100 max 

Grid to Plate .............................................. . 
Grid to Triode Cathode, Pentode Cathode. Heater. Pentode 
Grid No.3, and Internal Shield ............................. . 
Plate to Triode Cathode. Pentode Cathode, Heater. Pentode 

Grid No.3. and Internal Shield ........................... . 
Pentode Unit: 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode Heater. Grid No.2, Grid No.3, and 

Internal Shield ......................................... . 
Plate to Cathode, Heater. Grid No.2. Grid No.3. and 

Internal Shield ....................................... . 
Triode Grid to Pentode Plate .............................. . 
Pentode Plate to Triode Plate ........ . ............ . 

llLQ8 
10.9 
0.45 

11 

90X 

±200 max 
100 max 

2.8 

4.2 

2.4 

0.12 max 

14 

4.8 
0.015 max 

0.17 max 

volt. 
ampere 
seconds 

volt. 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 
pF 
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Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage .................................... 300 
Grid-No.2 (Screen-Grid) Supply Voltage .......... . 

Pentode Unit 
300 
SOO 

363 

volts 
volts 

Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 

2 

See ClI rve page 300 
o volts 

watts Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts ......... . 
For grid-No.2 voltages between 150 and 300 volts 

CHARACTERISTICS Triode Unit 
Plate SupplY Voltage .......................... 125 
Grid-No.2 Supply Voltage ..................... . 
Cathode-Blas Resistor ......................... . 
Amplification Factor ......................... . 
Plate Resistance (Approx.) ................... . 
Transconductance ............................ . 
Plate Current ............................... . 
Grid-No.2 Current ........................... . 
Grid-No.1 Voltage( Approx.) for plate CUlTent 

of 100 p.A ...............................•. 

MAXIMUM CIRCUIT VALUES 

68 
46 

4400 
10400 

15 

-6 

6 

1 
See curve page 300 

Pentode Unit 
125 200 
125 125 

82 68 

55000 
21000 

16.5 
3.1 

-4.2 

75000 
23000 

20 
3.5 

-4.2 

Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 

watts 

volts 
volts 
ohms 

ohms 
p.mhos 

rnA 
rnA 

volts 

For fixed-bias operation ..................... . 0.5 0.1 megohm 
For cathode-bias operation ................... . 

g 
N 

~Ul80 ,'" 915 
i~60 
~c· 

~~40 
'" !c 
~ 20 

TYPE 6LQ8 
PENTODE UNIT 
GRID-No.2 VOLTS-12li 

! 0 
~-~ r... ~\ VOLTS ~-0.5 

rfo.~~ k?: -I I~ __ I 
?' Ib -I.li 

~ 
___ C/-O ~ -2 

o 100 200 300 400 
PLATE VOLTS 92CS-I!15f T 

1 0.25 megohm 

BEAM POWER TU BE 6LR6 

12FY 

3SLR6 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. An 
integral radiator-fin design dissipates heat uniformly. 
Outlines section, 16E; requires duodecar 12-contact 
socket. Type 35LR6 is identical with type 6LR6 except 
for heater ratings. 

Heater Arrangement ... 
Hester Voltage (ac/de) 
Hester Current ....... . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value .... . 
Average value .... . 

Class A, Amplifier 

6LR6 
Parallel 

6.3 
2.5 

±200 max 
100 max 

35LR6 
Series 

35 
0.45±0.0:l 

11 

±200 max 
100 mnx 

volt!'; 
amperes 
seconds 

volts 
volts 

Triodetf 
Connection 

125 

Pentod. Connection 
CHARACTERISTICS 
Plate Voltage ............. . 
Grid-No.3 (Suppressor Grid) Voltage 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage 
Plate Resistance (Approx.) .... 

125 
·20 

60 

115 
o 

175 
Connected 

110 
-20 
5300 

60 
to cn thode at 

110 
o 

volts 
socket 

volts 
volts 
ohms 
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Transconductance (Grid No.1 to Plate) 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for 

plate current of 1 mA ........... . 
Ratio (Plate Current/Grid No.2 

Current) ......................... . 
Triode Amplification Factor ......... . 8.5 

740t 
88t 

19.5 :1 

16000 
140 
2.4 

-42 

700 
85 

20 :1 

Itmhos 
mA 
mA 

volts 

t This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings- of the tube will not be exceeded. 

tt Grid No. 2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ..................................... . 
Peak Positive-Plate Pulse Voltage (Absolute Maximum) ......... . 
Peak Negative-Pulse Plate Voltage ............................. . 
Positive Grid-No.8 Voltage ...................................... . 
DC Grid-No.2 Voltage ......................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Current ...................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) .......... _ ................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:-

Bias feedback high-voltage regulation ....................... . 
DC or pulse shunt high-voltage regulation .................. . 

6LR8 
ZILR8, 3ILR8 

HIGH-MU TRIODE
BEAM POWER TUBE 

N ovar type used in combined vertical-deflection
oscillator and vertical-deflection-amplifier applications 
in color and black-and-white television receivers. Out
lines section, 17E; requires novar 9-contact socket. 
Types 21LR8 and 31LR8 are identical with type 6LR8 
except for heater ratings. 

Heater Voltage ..................... . 
Heater Current ..................... . 
Heater Warm-up Time ............. . 
Heater-Cathode Voltage: 

Peak value .................... . 
Average value ................. . 

6LR8 
6.3 
1.5 

±200 max 
100 max 

Class At Amplifier 

2ILR8 
21 

0.45 
11 

±200 max 
100 max 

990 
7500 
1100 

75 
220 
330 
375 

1300 
30 

5 
250 

0.47 
10 

31LR8 

9QT 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohm 
megohm 

31.5 volts 
0.3 ampere 
11 seconds 

±200 max volts 
100 max volts 

CHARACTERISTICS Triode Unit Beam Power Unit 
Plate Voltage .....................• 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... _ 
Amplification Facto" ..............•• 
Plate Resistance Approx.) .......... . 
Transconductance . ................. . 
Plate Current .....................• 
Grid-No.2 Current ............... ' . 
Grid-No.1 Voltage: 

For plate current of 10 itA ... . 
For plate current of 100 itA .... . 
For plate current of 1 mA ..... . 

250 45 135 120 

-4 
58 

14000 
4100 

2.6 

-6.6 

125 120 120-
o -10 -10 

200· 
200· 

14000 
9200 

51 
3 

-28 
-24 

6.5 

- Triode connection, Grid No.2 connected to plate at socket . 

volts 
volts 
volts 

ohms 
"mhos 

rnA 
mA 

volts 
volts 
volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................... . 
Grid-No.2 Voltage ............................... . 
Peak Positive-Pulse Plate Voltage# ............. . 
Peak Negative-Pulse Grid-No.1 Voltage ........... . 
Peak Cathode Current ........................... . 
Average Cathode Current .........................• 
Peak Power Output ............................. . 
Plate Dissipation~ ............................... . 
Grid-No.2 Input~ ................................. . 
Bulb Temperature ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid· No. I-Circuit Resistance: 

For fixed-bias operation " ...................• 
For cathode-bias operation ...................• 

Triode Unit 
Oscillator 

400 

400 
105 

30 
2.5 
2.5 

2.2 

Beam Power Unit 
Amplifier 

400 volt. 
300 volt. 

2500 volt. 
250 volt. 
260 mA 

75 mA 
watt. 

14 watt. 
2.75 watts 
210 ·0 

1 megohm 
2.2 megohms 

# Pulse dUl'ation must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is requil'ed to protect the tube in absence of excitation. 

TWIN OIOOE- 6LT8 
SHARP-CUTOFF PENTOOE sus, llLTS 

Miniature type used in television receiver applications. 
The pentode unit is used in low-frequency horizontal

POI oscillator applications. The diode units are used in 
horizontal afc discriminator circuits. Outlines section, 
6B; requires miniature 9-contact socket. Types 8LT8 
and llLT8 are identical with type 6LT8 except for 

9RL heater ratings. 

Heater Voltage ............... , ....... . 
Heater Current ...................... . 
Heater Wal'm-up Time (Average) ... ,., 
Heater-Cathode Voltage: 

Peak value ...... ,."., .. ,., ... ,.,. 
Average value .. ,., ......... . 

6LT8 
6.3 
0.6 
11 

±200 max 
100 max 

SLTS 
8.1 

0.45 
11 

±200 max 
100 max 

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........ ." .. , ... , ...... , .............. , ....... .. 
Grid-No.2 (Scl'een-Grid) Supply Voltage ....... " ....... , .. " .. . 
Grid-No.2 Voltage , ... " ... , .... , ....... ,., .......... , .... , ... ,. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...... ,.' .. . 
Plate DissipatlOn ., ..... , ............. , , ........ , . , .. . 
Grid-No.2 Input: 

For grid-No 2 voltages up to 165 volts .... ,', ....... , ...... . 
For grid-No.2 voltages between 165 and 33 volts ... , ....... . 

CHARACTERISTICS 
Plate Voltage ., ........ " ............ ,,', .... , ......... , ...... . 
Grid No.3 (Suppressor Grid) ,.,. , . , .. , ... , , . , ..... , . 
Grid-No.2 Voltage . , ... , . . . . .. ., .... ,., ..... , ..... , .. , ...... , 
Cathode-Bias Resistol' .. ,. . . , , . , , ................ , . , , 
Plate Resistance (Approx.) ............ , , , . , ... , , ... . 
Transconductance . . . . . . . . . . . . .............. . 
Plate CUl'rent ... .. ...... . ..................... . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA "" 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation .. , ..... . 

Diode Unit (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Continuous Operation) .. ,., ...... ".,., ....... . 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 20 mA .... " .... , .....•. 

lILTS 
11.4 

0.315 
11 

±200 max 
100 max 

volts 
ampere 
seconds 

volt. 
volt. 

330 volts 
330 volts 
See curve page 300 

o volts 
3.1 watts 

0.65 watt 
See curve page 300 

125 
Connected 

125 
56 

200000 
13000 

10 
3.4 

-3.5 

5 

5 

volts 
to ground 

volts 
ohms 
ohms 

/Lmhos 
rnA 
rnA 

volts 

megohm 

mA 

volts 



366 RCA RECEIVING TUBE MANUAL 

6LU8 
16LU8A, 21LU8 

HIGH-MU TRIODE
BEAM POWER TUBE 

Duodecar type used as a combined vertical-deflection 
oscillator and vertical-deflection amplifier in color 
television receivers. Outlines section, 15D; requires 
duodecar 12-contact socket. Types 16LU8A and 21LU8 
are identical with type 6LU8 except for heater ratings. 12DZ 

21LU8 
Heater Voltage ..................... . 

6LU8 
6.3 
1.5 

16LU8A 
16 21 volts 

Heater Current ..................... . 0.6 0.45 amperes 
Heater Warm-up Time (Average) ... . 11 11 seconds 
Heater·Cathode Voltage: 

Peak value ..................... . ±200max 
100 max 

±200max 
100 max 

±200 max volta 
Average value .................. . 100 max volts 

Class A, Amplifier 
CHARACTERISTICS Beam Power Unit 
Plate Voltage ...................... . 

Triode Unit 
250 45 185 120 

Grid·No.2 (Screen-Grid) Voltage .... . 125 120 120. 
Grid-No.1 (Control-Grid) Voltage .... . -4 o -10 -10 
Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.): 

For plate current of 10 p.A ..... . 
For plate current of 100 p.A .... . 
For plate current of 1 mA ..... . 

58 
16000 
3600 

2.3 

-6.6 

12000 
9300 

200" 56 
20" 3 

-30 
-26 

• Triode connection, Gl"id No.2 connected to plate at sockf!t • 

6.5 

•• This value can he measUl'ed by a method involving a recurrent waveform 
maximum mtings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

volts 
volts 
volts 

ohms 
p.mhos 

mA 
rnA 

volts 
volts 
volts 

such that the 

MAXIMUM RATINGS (Design-Maximum Values) 
Triode Unit 

Oscillator 
400 

Beam Power Unit 
Amplifier 

Plate Voltage ................................... . 
Grid-No.2 Voltage ................................ . 
Peak Positive-Pulse Plate Voltage;/;! ............... . 
Peak Negative-Pulse Grid-No.1 Voltage ........... . 
Plate Dissipation" ..............................•. 
Peak Cathode Current .........................•. 
Average Cathode Current ........................ . 
Grid-No.2 Input ................................. . 
Bulb Temperature (At hottest point) ............. . 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ...................... . 
For cathode-bias operation ................... . 

400 
2.5 
105 

30 

2.2 

400 
300 

2500 
250 
14 

260 
75 

2.75 
210 

1 
2.2 

volts 
volta 
volts 
volts 

watts 
mA 
rnA 

watts 
·C 

megohm 
megohms 

;/;! Pulse duration must not exceed 15% of a horizontal 
"A bias resistor or other means is required to protect 

scanning cycle (10 microseconds). 
the tube in absence of excitation. 

6LX6 
6LX8/LCF802 

6LY8 
10LY8 

For replacement use type 6LF6/6LX6. 

Refer to type 6JW8/ECF802. 

HIGH-MU TRIODE;;:... 
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The pentode unit is used 
as a video amplifier, and the triode unit for general
purpose use. Outlines section, 6E; requires 9-contact 
socket. Type 10LY8 is identical with type 6LY8 ex-
cept for heater ratings. 9DX 
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Heater Voltage 
Heater Current .......... , 
Heater Warm-up Time (Average) ........... . 
Heater-Cathode Voltage: 

6LY8 
6.3 

0.75 

Peak value ........ . . . . . . . . . . . . . . . . . . ±200 max 
Average value .. ' 100 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ..................................... 330 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 

10LY8 
10_5 
0.45 

11 

±200 max 
100 max 

Pentode Unit 
330 
330 

367 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 

Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value o 

1 

See curve page 300 
o volts 

watts Plate Dissipation ................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
For grid-No.2 voltages between 165 and 330 volta 

CHARACTERISTICS 
Plate Voltage ................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx_) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No.2 Current ............................... . 
Grid Voltage (Approx.) for plate current 

of 10 p.A ...................................•. 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

250 

-2.0 

100 
59000 

1700 
1.0 

-5 

5 

1-1 
See curve page 300 

35 200 
100 100 

0 
82 

60000 
20000 

64 19.5 
13.5 3 

-6.3 

watts 

volts 
volts 
volts 
ohms 

ohms 
p.mhos 

mA 
mA 

volts 

volts 

For fixed~bias operation ..................... . 
Fol' cathode-bias operation ................... . 

0.5 
1 

0.5 
1 

megohm 
megohm 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE
SHARP-CUTOFF PENTODE 

6LZ6 

6Mll 

Duodecar type used in television receiver applications. 
The triode units are used in sync-separator and agc
amplifier circuits; the pentode unit is used in if-ampli
fier circuits. Outlines section, 8B; requires duodecar 
12-contact socket. 

Heater Voltage (acldc) ........................................ . 
Heater Current ............................................... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ........................................... . 

Direct Inter~lectl'ode Capacitances :*. 
'rl'iode Units: 

Grid to Plate . . .. ............................. . .. 
Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield ........................... . 
Plate to Triode Ca.thode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield ........................... . 
Pentode: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode. Grid No.2, Grid No.3. and Internal Shield 
Plate to Cathode. Grid No.2, Grid No.3, and Internal Shield 

•• With external shield connected to pentode cathode. grid No.3, and 

Class A, Amplifier 
Each 

6.3 
0.77 

±200 max 
100 max 

1.8 

3.4 

0.8 

0.03 
12 

2.8 

internal shield . 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For voltages up to 165 volts ................... . 

330 330 

o 
2.25 

330 
See curve page 300 

o 
3.1 

0.65 

volts 
ampere 

volts 
volts 

pF 

pF 

pF 

pF 
pF 
pF 

volts 
volts 

volts 
watts 

watt 
For voltages between 165 and 330 volts .. See curve page 300 
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CHARACTERISTICS 
Plate Supply Voltage ............................ . 125 
Grid-No.2 Supply Voltage ........................ . 
Cathode-Bias Resistor ............................ . 125 
Amplification Factor ............................. . 68 
Plate Resistance (Approx.) ....................... . 7250 
Transconductance ................................. . 8000 
Plate Current .................................... . 8 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (ApPl·OX.) for plate current 

of20p.A .................................•..... 
Grid-No.1 Voltage (Approx.) for plate current 

of 50 p.A ......................................•. -4.5 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance, for cathode-bias 

operation ...................................•.• 0.68 

125 
125 
56 

200000. 
13000 

11 
3.4 

-3.5 

volts 
volts 
ohms 

ohm. 
p.mhos 

mA 
rnA 

volts 

volts 

megohm 

6MA6 Refer to chart at end of section. 

6MB8 
5MB8 

HIGH-MU TRIODE 
SHARP-CUTOFF PENTODE 

Miniature type with frame-grid pentode unit used in 
color television receivers. The triode unit is used in 
video-amplifier applications. The pentode unit is used 
in burst-amplifier service. Outlines section, 6B jrequires 
miniature 9-contact socket. Type 5MB8 is identical with 
type 6MB8 except for heater ratings. 

Heater Arrangement ............................. . 
Heater Voltage. (ac/dc) ........................... . 
Heater Current .................................. . 
Heater Warm-up Time ........................... . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ............................... . 

5MB8 
Series 
5.6 
0.45 

11 

±200 max 
100 max 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit 
Plate Voltage ..................................... 280 
Grid-No.2 (Screen-Grid) Supply Voltage ......... . 
Grid-No.2 Pulse Voltage ...................... , .. . 

H 

9FA 

6MB8 
Parallel 

6.3 
0.4 

±200 max 
100 max 

Pentode Unit 
280 
280 
300 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 
volts 

Grid-No.2 Voltage ............................... . 
Grid-No.1 (Contl'ol-Grid) Voltage, Positive-bias value o 

2 
20 

See curve page 300 
o volt 

watts 
rnA 

watt 

Plate Dissipation ................................. . 
Cathode Current ................................. . 
Grid-No.2 Input ....................... ' .......... . 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ............................. . 
Plate Current .................................... . 
Grid-No.2 Current ....... . ...................... . 
Transconductance ................................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Grid-No.1 Voltage for plate current of 100 p.A .... . 
Grid-No.1 Voltage for plate current of 50 p.A 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...................... . 
For cathode-bias operation ................ . 

125 

o 
68 
13 

8000 
40 

5000 
-5 

Triode Unit 
0.5 

1 

6MD8 
12MD8 

MEDIUM-MU 
TRIPLE TRIODE 

Novar type used in matrixing circuits of color and 
black-and-white television receivers. Outlines section, 
HE j requires novar 9-contact socket. Type 12MD8 is 
identical with type 6MD8 except for heater ratings. 

2 
20 
0.5 

125 volts 
125 volts 

0 volt 

~g ohm 
mA 

2.8 mA 
12000 p.mhos 

125000 ohms 
volts 

-3 volts 

Pentode Unit 
0.25 megohm 

0.5 megohm 

9RQ 
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Heater Arrangement ............................. . 
Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value .................................. . 
A verage value ............................ . 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate .............................• 
Grid to Cathode and Heater ............... . 
Plate to Cathode and Heater .............. . 

Unit 
No.1 

3 
3.6 

0.48 

6MD8 
Parallel 

6.3 
0.9 

±200 max 
100 max 

Unit 
No.2 

3 
3.6 

0.48 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ................................ . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage .................................................. . 
Amplification Faetor ........................................... . 
Plate Resistance (ApPl·OX.) .................................... . 

TYPE6MD8 
EACH UNIT 

P 

- ~,if-r-(7 s!J .... 

lr V 17 . ,~ 

/ V V V ..... ~ .,.. .,.., - ~ 
100 200 llllU 400 o 

PLATE VOLTS t2CS-UIHT 

Transconductance .............................................. . 
Plate Current .................................................. . 
Plate Current for grid voltage of -14 volts ..................... . 
Grid Voltage (Approx.) for plate current of 50 /LA .............•• 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation ................. . 

BEAM POWER TU BE 

12MD8 
Series 
12.6 
0.45 

11 

±200 max 
100 max 
Unit 
No.3 

3 
.U 

0.36 

330 
o 
3 

250 
-10.5 

17 
5500 

3100 
11.5 

4 
-23 

1 

369 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 

volts 
volts 

ohms 

/Lmhos 
mA 
rnA 

volts 

megohm 

6ME6 

9QL 

Novar types used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Out
lines section, 32C; require novar 9-contact socket. 

Heater Voltage (aeide) 6.3 ±0.6 volts 
Heater Current ..... . 
Heater-Cathode Voltage: 

2.3 amperes 

Peak value .... . ±200 max volts 
Average value .............. . 100 max volts 

Direct Interelectrode Capacitsnees: 
Grid No.1 to Plate .......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, 

0.6 pF 

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

22 pF 

Rnd Grid No.3 ........................................... . 11 pF 
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Class A, Amplifier 
Triode· 

CHARACTERISTICS Connection 
Peak Positive-Pulse Plate Voltage# 

Pentode Connection 
5000 volts 

volts Plate Voltage .................... 125 
Grid-No.3 (Suppressor-Grid) 

Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage .. 125 
Grid-No.1 (Control-Grid) Voltage -25 
Plate Resistance (Approx.) ..... . 
Transconductance ............... . 
Plate Current ................... . 
Grid-No.2 Current ............... . 
Grid-No.1 Voltage for plate current 

of 1m A ................... . 
Amplification Factor ............. 3.5 

o 
125 

-125 

30 
125 

0 

580t 
40* 

175 

30 
125 

-25 
5800 
9600 

130 
2.8 

-44 

volt. 
volts 
volts 
ohms 

pmhos 
mA 
mA 

volts 

• Grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
:j: This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Ampl ifier 
For operation in a 525-line, 3.0-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage ........................................... . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.3 Voltage· ............................................. . 
Grid-No.2 Voltage ............................................. . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ....................................... . 
Plate Dissipation· .............................................. . 
Plate Dissipation (Temporary overload)" ....................... . 
Grid-No.2 Input ............................................... . 
Envelope Temperature (At hottest point) ....................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance for Cathode Bias 

990 
7500 
1100 

75 
220 
330 

1200 
350 

30 
200 

5 
250 

volts 
volts 
volts 
volts 
volts 
volts 
rnA 
rnA 

watts 
watts 
watts 

·0 

(with min. RK = 1000) ..................................... 1.0 megohm 
Grid-leak Bias (with signal peak clamped to zero bias) ............ 10.0 megohms 
Fixed Bias (where positive grid current is not drawn) ............ 0.47 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) • 
• For horizontal-deflection service, a positive voltage may be applied to grid-No.3 to minimize 
"snivets" interference in both vhf and uhf television receivers. A typical value is 30 volts . 
• A bias resistor Or other means is required to protect the tube in absence of excitation . 
.. Total continuous or accumulated time not to exceed 40 seconds. 

6ME8 TWO-PLATE 
BEAM-DEFLECTION TUBE 

Miniature type used for color-demodulator applications 
in color television receivers and a variety of other 
switching and gate applications. Outlines section, 6E; 
requires miniature 9-contact socket. Pin 5 should be 
connected directly to ground. The 6ME8 should be so 
located in the equipment that it is not subjected to 
stray magnetic fields. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................. . 
Direct Interelectrode Capacitances: 

Grid No.1 to All Other Electrodes Except Plates ........... . 
Either Plate to All Other Electrodes ....................... . 
Either Deflecting Electrode to All Other Electrodes ......... . 
Plate No.1 to Plate No.2 ..... . ............................ . 
Deflecting Electrode No.1 to Deflecting Electrode No.2 ..... . 
Grid No.1 to Deflecting Electrode No.1 ..................... . 
Grid No.1 to Deflecting Electrode No.2 ..................... . 

9RU 

6.3 volts 
0.3 ampere 

7.5 pF 
6 pF 
6 pF 

0.4 pF 
0.4 pF 

0.07 max pF 
0.1 max pF 



TECHNICAL DATA 

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate) .................................... . 
Peak Deflecting-Electrode Voltage (Each Electrode) ........... . 
Deflecting-Electrode Voltage (Each Electrode) .................. . 
Grid-No.3 (Accelerating-Grid) Voltage .......................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Cathode Current ............................................... . 
Plate Dissipation (Each Plate) ............................... . 
Grid-No.3 Input ............................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

-100 -eo -60 -40 40 60 

400 
±200 

100 
400 

o 
30 

2 
2 

0..1 
0.25 

371 

volts 
volts 
volts 
volts 
volts 

mA 
watts 
watts 

megohm 
megohm 

DEF"LECTING-ELECTROOE-No.I-TO-OEF"LECTING-ELECTROOE-No.2 VOLTS 
92CM·14471T 

Class Al Amplifier 
CHARACTERISTICS 
Plate-No.2 Supply Voltage ..................................... . 
Plate No.2 ..................................................... . 
Plate-No.1 Supply Voltage .: ................................... . 
Grid-No.3 Supply Voltage ..................................... . 
Grid-No.1 Supply Voltage ..................................... . 
Deflecting-Electrode-No.2 Supply Voltage ....................... . 
Deflecting-Electrode-No.1 Supply Voltage ....................... . 
Cathode-Bias Resistor .... . ................................... . 
Transconductance, Grid No.1 to both plates .................... . 
Total Plate Current ........................................... . 
Grid-No.3 Current ............................................. . 
Grid-No.1 Voltage for total plate current of 10 p.A ............. . 
Deflecting-Electrode Switching Voltage· ........................ . 
Voltage Difference between Deflecting Electrodes' f.,r 'equal 

plate currents ............................................. . 
Plate-No.1 Current with Deflecting-Electrode-No.1 Voltage = 55V 

and Deflecting-Electrode-No.2 Voltage = 95V ............... . 
Plate-No.2 Current with Deflecting-Electrode-No.1 Voltage = 95V 

and Deflecting-Electrode-No.2 Voltage = 55V ............... . 
Deflecting-Electrode-No.1 Current with Deflecting-Electrode-No.1 

Voltage = 125V and Deflecting-Electrode-No.2 Voltage = 25V 
Deflecting-Electrode-No.2 Current with Deflecting-Electrode-No.1 

Voltage = 25V and Deflecting-Electrode-No.2 Voltage = 125V 

250 
Connected to 

250 
350 

o 
75 
75 

390 
4400 
14.5 

0.7 
-16 

volts 
Plate No.1 

volts 
volts 
volts 
volts 
volts 
ohms 

30 max 

I'mhos 
mA 
mA 

volts 
volts 

o volts 

1.3 max mA 

1.3 max mA 

0.04 max mA 

0.04 max mA 

• Defined as the total voltage change from 75 volts on either deflecting electrode with an 
equal and opposite change on the other deflecting electrode required to switch the plate 
current from one plate to the other. 
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o 

6MF8 
15MF8 

~l~~E6:0~: CONNECTED TO PLATE No.1 
AT SOCKET 

DEFLECTING -ELECTRODE-No.1 VOLTS·75 
DEFLECTING-ELECTRODE-No.2 VOLTS·75, 
GRID-No.3 VOLTS·350 

U.NO.l LLTS IECI' O 
~Q,..... -I 

~r-- ~ 

~ 
-3 -

-5 
/.:~ -ij%::; -6 

"7..-:: ::;:'-10 
~ -II 

100 200 300 400 500 
PLATE VOLTS 112CS-14470T 

HIGH-MU TRIODE
BEAM POWER TUBE 

Duodecar type used in combined vertical-deflection
oscillator and vertical-deflection-amplifier applications 
in color television receivers. Outlines section, 15D; re
quires duodecar 12-contact socket. Type 15MF8 is iden
tical with type 6MF8 except for heater ratings. 

Heater Voltage '.' 
Heater Current ,., ......... . 
Heater-Cathode Voltage: 

Peak value ....... ,. 
Average value '" 

6MF8 
6.3 
1.4 

±200 max 
100 max 

12DZ 
15MF8 

14.7 
0.6 

±200 max 
100 max 

CHARACTERISTICS 

Class A, Amplifier 
Triode 
Unit 

Beam Power 
Unit 

Plate Voltage .......... ,,', ... ,. 
Grid-No.2 (Screen-Grid) Voltage ' 
Grid-No.1 (Control-Grid) Voltage 
Plate Current .......... . 
Grid-No.2 Current .... . 
Transconductance ...... . 
Amplification Factor .... ,' 
Plate Resistance (Approx.) ...... " 
Grid-No.1 Voltage for plate current 

of 10 p.A ...................... ,' 
Grid-No.1 Voltage for plate current 

of 100 p.A ................... . 

250 

-4 
2.6 

4100 
58 

14000 

--,6.6 

60 
250 

o 
200 

20 

250 
250 

-20 
50 

3.5 
4100 

5000 

--65 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage , ..... , ..... ', .... , .. , .. 
Peak Positive Pulse Plate Voltage# ., 
Grid-No.2 Voltage .............. . 
Peak Negative Grid-No.1 Voltage 
Plate Dissipation* ...... . 
Grid-No.2 Dissipation· ,. 
Average Cathode Current 
Peak Cathode Current 
Peak Power Output ... . 
Bulb Temperature .......... ' 

MAXIMUM CIRCUIT VALUES 
Grid Circuit Resistance: 

For fixed-bias operation ',., 
For cathode-bias operation 

Triode Unit 
Oscillator 

400 

400 
2.5 

30 
105 
2.5 

2.2 

Beam Power 
Unit 

Amplifier 
400 

2500 
300 

12 
2.75 

75 
260 

200 

1 
2.2 

volts 
amperes 

volts 
volt. 

volts 
volts 
volts 

rnA 
rnA 

p.mhos 

ohms 

volt. 

volts 

volts 
volts 
volts 
volts 

watts 
watts 

rnA 
rnA 

watts 
·C 

megohm 
megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• A bias resistor or other means is required to protect the tube in absence of excitation. 
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MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 6MG8 

9DC 

Miniature type used in horizontal-deflection circuits 
and for agc-amplifier or sync-separator applications in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. Heater: volts, 6.3; ampere, 
0.45; maximum heater-cathode volts, ±200 peak, 100 
average. 

Class Al Amplifier 
CHARACTER ISTICS 

~!~~:N~21t(l§~reen-Grid) . Voltage 

Triode Unit 
150 

Pentode Unit 
170 volts 

Grid-No.1 (Control-Grid) Voltage 
Cathode-Bias Resistor 
Plate Current 
Grid-No.2 Current 
Transconductance .......... . 
Plate Hesistance (Approx.) 
Amplification Factor ........................ . 
Grid-No.1 Voltage for plate current of 10 J'A 

Horizonta I-Deflection 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage 
Grid-No.2 Supply Voltage 
Plate Dissipation 
Cathode Current 
Grid-No.2 Input: 

For plate dissipation mOl'e than 1.2 watts 
For plate dissipation less than 1.2 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

For replacement use type 6J6A. 

56 
18 

8500 
r, 

40 
-12 

Amplifier 

330 

2.5 
14 

0.5 
0.5 

BEAM POWER TUBE 

170 volts 
-2 vults 

"hms 
10 rnA 
2.8 rnA 

6200 /<mhos 
400 kohrns 

47 
volts 

330 volts 
300 volts 

2 watts 
14 rnA 

0.5 watt 
0.75 watt 

0.5 megohm 
1 megohm 

6MHH3 

6MJ6/ 
6LQ6/6JE6C 

9QL 

24LQ6/24JE6C, 31LQ6 
N oval' types used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Out
lines section, 32C; requires novar 9-contact socket. 
Types 24LQ6/24JE6C, and 31LQ6 are identical with 
type 6MJ6/6LQ6/6JE6C except for heater ratings. 

Heater Voltage (acldc) 
Heater Current 
Heater Warm-up Time .. 
Heater-Cathode Voltage: 

Peak value .... 
Average value .............. .. 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ............. . 
Grid No.1 to Cathode, Heater, Grid No.2, 

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

and Grid No.3 

6MJ6/ 
6LQ6/6JE6C 

6.3 
2.3 

±200 max 
100 max 

Class A, Amplifier 
CHARACTERISTICS 

Peak Positive-Pulse Plate Voltage# 
Plate Voltage ........... . 
Grid-No.3 (Suppressor-Grid) 

Voltage .................. . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage 
Plate Resistance (Approx.) 
Transconductance 
Plate Current 

Triode* 
Connection 

145 
- ;~!) 

5000 

30 
145 

24LQ6/24JE6C 31LQ6 
24 31 volts 

0.6 0.45 amperes 
11 11 seconds 

±200 max ±200 max volts 
100 max 100 max volts 

0.6 

22 

11 

Pentode Connection 

GO 175 

30 30 
145 145 

0 -35 
7000 
7500 

710t 95 

pF 

pF 

pF 

volts 
volts 

volts 
volts 
volts 
ohms 

.umbos 
mA 
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Grid-No.2 Current ................ 55* 2.4 mA 
Grid-No.1 Voltage for plate current 

of 1 mA .................... -126 -60 volts 
Amplification Factor ............. 2.8 
• Grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. * This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .......................................... . 
Peak Positive-Pulse Plate Voltage# ............................ . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.3 Voltage- ............................................. . 
Grid-No.2 Voltage .............................................. . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ....................................... . 
Plate DissipationO ..•........................................... 
Plate Dissipation (Temporary overload). . ...................... . 
Grid-No.2 Input ............................................... . 
Envelope Temperature (At hottest point) ....................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Re3istance: 

990 
7500 
1100 

75 
220 
330 

1200 
360 

30 
200 

5 
250 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 
watts 

·C 

For grid-No.1-resistor-bias operation ........................ 0.47 megohm 
For plate-pulsed operation (horizontal-deflection circuits only) 10 megohms 

# Pulse duration must not exceed 15'/0 of a horizontal scanning cycle (10 microseconds). 
- For horizontal-deflectioll service, a positive voltage may be applied to grid-No.3 to minimize 
"snivets" interference in both vhf and uhf television receivers. A typical value is 30 volts. 
o A 'bias resistor or other means is required to protect the tube in absence of excitation: 
• Total continuous or accumulated time not to exceed 40 seconds. 

.Q 

t! 

TYPE SMJSfSLQSfSJESC 
GRID-NO.3 VOLTS=30 
GRID-No.2 VOLTS=125 N 

u 
H 

(J) 

+-+--+--1IS0~ 
~ 

~ 
~BOO 
::Ii « ::Ii 

1-==--'1'='--1---4-----1120 ;j 3soo~~~-~-~~--+--4---+-~ 
.J 

:i 
'Ho!'--:±--~'F__-_I :!::l--+--+--l:BO '" 

d z 
406 

~~~,O~ 
o 100 200 300 400 500 

PLATE VOLTS 
92CS-13055T1 

:i 

6MJ8 MEDIUM-MU 
TRIPLE TRIODE 

Duodecar type used in matrixing-amplifier circuits of 
color and black-and-white television receivers. Outlines 
section, 8D; requires duodecar 12-contact socket. 

~::~~ -g~~~~~~ ::::::::::::::::::::::::::::::::::::::::::::::::: 
Heater-Cathode Voltage: 

r~~~ag~al~:lue' . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Unit Unit 
No.1 No.2 
2.8 2.8 
2.9 2.9 

0.36 0.6 

Direct Interelectrode Capacitances: 
Grid to Plate ......................... . 
Grid to Cathode and Heater ..... . 
Plate to Cathode and Heater . 

92CS-13054TI 

12HG 
6.3 volts 
0.9 ampere 

±200 max volts 
100 max volts 
Unit 
No.3 
2.8 pF 

3 pF 
0.7 pF 
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Class A. Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid Voltage, Positive-bias value ............................... . 
Plate Dissipation ............................................. . 

CHARACTERISTICS 
Plate Voltage ................................................. . 
Grid Voltage .................................................. . 
Plate Current ................................................. . 
Amplification Faetor ........................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductanee .............................................. . 
Plate Current for grid voltage of -14 volts ..................... . 
Grid Voltage for plate current of 60 p.A ....................... . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation ................. . 

TYPE6MJ8 
EACH UNIT 

P 

I--r-W--~ .:".~ 
I-- Jl V tr 1--. 

lr ,~ 

1/ V V ~ 
I--

--- -----
V i..----

10 

o 100 200 300 400 
PLATE VOLTS 92CS-1I966T, 

Refer to chart at end of section. 
For replacement use type 6MK8A. 

SHARP-CUTOFF 
TWIN PENTODE 

330 
o 
3 

250 
-10.5 

10 
17 

5600 
3000 

4 
-23 

6MK8 

375 

volts 
volts 

watts 

volts 
volta 
IDA 

obms 
p.mbos 

IDA 
volts 

megohm 

6MK8A 
4MK8 

9FG 

9 
Gap, 

Miniature type used in sync-separator, clipper, age, 
and low-level color-demodulator circuits in television 
receivers. Outlines section, 6E; requires miniature 9-
contact socket. 

Heater Voltage ................................................. . 
Heater Current ............................................... . 
Heater-Cathode Voltage: 

Peak value ............................................... . 
Average value . ___ ...... _ .................................. . 

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Section) ......................... . 
Grid No.1 to All Electrodes ............................... . 
Grid No.3 (Each Section) to All Electrodes ................. . 
Plate (Each Section) to All Electrodes ..................... . 
Grid No.3 (Section 1) to Grid No.3 (Section 2) ........•..... 

Class A. Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ................................... . 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit) 

Peak positive value ....................................... . 
DC negative value ......................................... . 
DC positive value ......................................... . 

6.3 volts 
0.3 ampere 

±200 max volts 
100 max volts 

2 pF 
6 pF 

3.6 pF 
3 pF 

0.015 max pF 

300 volts 

50 volts 
50 volts 

3 v~lts 
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Grid-No.2 (Screen-Grid) Voltage ................................ 150 
Grid-No.1 (Control-Grid) Voltage, Negative-bias value ............ 50 
Cathode. Current ................................................ 12 
Plate Dissipation (Each Section) ................................ 1.1 
Grid-No.2 Input ................................................ 0.75 

volts 
volts 

mA 
watts 
watt 

MAXIMUM PLATE CURRENT RATIO (Balance): 6MK8A - 1.2 to 1; 4MK8 - 1.3 to 1 
Plate Voltage .................................................. 100 
Grid-No.2 Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67.5 
Grid-No.1 Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67.5 
Grid-No.3 Voltage ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Grid-No.1 Resistance . . . . . . . . . . . . . . . . 0.68 

CHARACTERISTICS 
!'late Voltage 
Grid-No.3 Voltage 
Grid-No.2 Voltage 
Grid-No.1 Voltage .. 

With One Unit Operating" 

Transconductance, Grid No.3 to Plate ............. . 
Transconrluctance. G1'iff No.1 to Plate ............. . 
Plate Current 
Grid-No.3 Voltage (Approx.) for plate current 

of 100 /LA .. ' 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 "A 

With Both Units Operating 

100 
o 

67.5 
o 

1100 

Plate Voltage (Each Unit) . . ........ ........... 100 
Grid-No.3 Voltage (Each Unit) ....... ........... -10 
Grid-No.2 Voltage ................................. 67.5 
Grid-No.1 Voltage ................................. • 
Plate Current (Each Section) ............ . 
Cathode Current ............. ............. 7.1 
Grid-No.2 Current ......... . . . . . . . . . . . . . . . . . . . 7 

AVERAGE TRANSFER CHARACTERISTICS 

II) 
1&1 
f5 32 

~28 

~ 24 
=20 
~ 16 
.; 12 
z 
• 8 

Q 

ii: 
(!) 

TYPE 6MKBA 
I CI" 0.1 MILLIAMPERE 
BOTH SECTIONS OPERATING 

I I ~C 
~'O~ 

.:g:: Eb.,! ~~2=1~ V. ,'<> r 
'1'.e<lj -/ .....-s:0 12.§ ... 

IQ.O -- f-~ -- -- -7- f...£ I5 ;>""---- 77 LD -50 -- -- IP ..c../. ~L ---

~~ 
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100 

75 25 

- --
- ---- --- -

100 
0 

67.5 • 
450 

2 

-3.5 

-2.3 

100 
0 

67.5 
* 
2 

8.5 
4.4 

I 

f-I 

I 

I 

4 
o 
-10 -8 -6 2 4 6 -4 -2 0 

GRID - No.3 VOLTS 92CS-19175T 

TYPE 6MKBA EACH SECTION SEPARATELY WITH PLATE 
EC3'0 VOLTS AND GRID-NUMBER 3 OF OPPOSITE 

Ee2 '67.5 VOLTS SECTION GROUNDED 

1-2.5 I I ECI=+1.0 VOLTS 

I- ICI 'O.5 MILLIAMP~ - +0.75 
-2.25 - - +0.5 tv--::: :..-- ____ ---- ---- - -2.0 

~~~~ __ ,-!.~5 ).~ --- ___ O.lO.Q~5--- --0 

~ -- - -0.05--- --- -- -0.25 ~ ---
aI~~ -- 0.0 -0.5 5\ 

/J!.~ -0.75 
I -1.0 

-1.75 
-1.5--1.~ 

o 100 200 300 400 500 
PLATE VOLTS 92CS -19176T 

volts 
volts 
volts 
volts 

megohm 

volts 
volts 
volts 
volts 

/Lmhos 
/Lmhos 

mA 

volts 

volts 

volts 
volts 
volts 

mA 
mA 
mA 
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MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance (I·;uch Unit) 
Grid-No.1-Circuit Resistance 

0.5 
0.5 

377 

megohm 
megohm 

• With plate and grid No.~ of other unit g\·ounded. II< Grid current ndjusted for 100 IIA dc. 

Refer to chart at end of section. 6MLB 

HIGH-MU 
TRIPLE TRIODE 

6MN8 
9MN8 

12HU 

Duodecal' type used for matrix-amplifier applications 
in color television receivers. Outlines section, 8D; l'e
quires duodecar 12-contact socket. Type 9MN8 is iden
tical with type 6MN8 except for heater ratings. 

Heater Voltage 
Heater Current 

Heater-Cathode Voltage: 
Peak value ... 
Average value 

Direet Interelectrode Capacitance::;: 
Grid to Plate .............. . 
Grid to Cathode and Heater . 
Plate to Cathode nnd Heater 

Unit No.1 
2.6 
4.6 

o.a:.1 

6MN8 
6.3 
0.9 

9MN8 
9.5 
0.6 
11 

±200 max ±200 max 
±lOO max ±100 max 

Unit No.2 Unit No.3 
2.6 2.6 
4.6 4.6 

0.57 0.65 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .......... . 
Grid Voltage, Positive-bias value 
Plate Dissipation 

CHARACTERISTICS 
Plate Voltage 
Grid Voltage ....... . 
Amplification Factor ..... . 
Plate Resistance (Approx.) 
Transconductance 
Plate Current .................. ...... . . . ... . 
Grid Voltage (Appl'ox.) for platt> ('lI1'J'cnt of' 50 pA 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit ResistaTH"<', for fixed-bius opcl'ation 

125 
--1 

47 
6250 
7500 

11 
-5 

330 
o 
:l 

200 
-4 

40 
10000 

4000 
4.8 

. -11 

velt. 
ampere 
seconds 

volts 
volt~ 

pF 
pF 
pF 

Volt8 
volt 

watts 

volts 
volt, 

ohms 
Jimhos 

rnA 
volts 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6MQ8 
SMQ8 

9AE 

Miniature type used in color and black-and-white tele
vision receiver applications. The pentode unit is used 
in band-pass-amplifier applications. The triode unit is 
used in video-amplifier, sync-separator, color-killer
control, matrix-amplifier, and blanker applications. 
Outlines section, 6B; requires miniature 9-contact 

soeket. Type 5MQ8 is identical with type 6MQ8 except for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current ....... . 
Heater Warm-up Time 
Heater Cathode Voltage: 

Peak value ..... 
Average value 

Direct Interelectrode Capacitances: 
Triode Unit: 

g~l~ :g .f;i~~e C~th~ci~.·p~;'~d~· C~th~ci~" 
Pentode Grid No.3. and Internal Shield 

Heater, 

5MQ8 6MQ8 
5.6 6.3 
0.6 0.535 
11 

±200 max ±200 max 
100 max 100 max 

1.7 

3 

volts 
ampere 
seconds 

volta 
volts 

pF 

pF 
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Plate to Triode Cathode, Pentode Cathode, Heater, 
Pentode Grid No.3, and Internal Shield ................... . 

Pentode Unit: 
Grid No.1 to Plate ............... ,; ........................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield .........•.... , ....... , ..... , .... . 
Plate to Cathode, Heater, Grid No.2. Grid 

No.3, and Internal Shield .... , .......... ,., ...... , ...... . 

Class Al Amplifier 
MAXIMUM RATINGS 
DC Plate Voltage ...... , ........................ . 
DC Grid-No.2 (Screen-G"id) Supply Voltage ., .... . 
DC Grid-No.2 Voltage .... ' . ' ............... ' ...• 
DC Grid-No.1 (Conh'OI-Grid) Voltage, 

Positive-bias value .. , .......... , ............... . 
Plate Dissipation .... ,.', .. ' ..................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ....... . 
F(}r grid-No.2 voltages between 165 and 331) volts 

In tereleetrode Leakage ........................... . 

CHARACTERISTICS 
DC Plate Voltage ' .. , .. ', .. ,.', ................ , .. . 
DC Grid-No.2 Voltage " ..... , ........... , ... , ... . 
Cathode Resistsnce .... ,.'., ......... , ............ . 
Amplification Factor ... ,', ... ', .................. . 
Plate Resistance (Approx.) ." .......... " .. ,', .. ,. 
Transconductance .......... , ....... , .............. . 
DC Plate Current .,.,., .. , ........ , ........ ,., .. . 
DC Grid-No.2 Current " ... " ... ,., .......... ,., .. . 
Grid-No.1 Voltage for plate current of 100 p.A .. ,. 

MAXfMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ... , 
For cathode-bias opel'ation 

Triode Unit 
330 

0 
2.7 

IOn 

Triode Unit 
160 

56 
40 

5 
8500 

18 

-12 

0.5 
0.5 

6MU8 MEDIUM-MU TRIODE
SEM IREMOTE-CUTOFF 

PENTODE 
Miniature type used in color and black-and-white tele
vision l'eceiver applications. The pentode unit is used 
in burst-amplifier circuits, and the triode unit as a 
general amplifier tube. Outlines section, 6E; requires 
miniature 9-contact socket. 

Heater Voltage ,,' ,,',',',',,",' 
Hea ter Current ..... , ...... . 
Heater Warm-up Time . 
Hea ter-Ca thode Voltage: 

Peak value ", 
Average value 

Direct Intel'electl'ode Capacitances: 
Triode Unit: 

Grid to Plate ,.,',.,"""".,",',,"',, ... 
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield 
Pentode Unit: 

Grid No.1 to Plate ", .. , 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ' 
Heater to Triode Cathode ". 
Heater to Pentode Cathode ,. , ... , 
Pentode Grid No.1 to Triode Plate 
Pentode PIa te to Triode Plate .,. 

With 
Shield 

2.2 

3.2 

3.4 

0.05 

4.4 
4.8 
7.5 
0.2 

0.008 

1.4 

0.045 

7.5 

2.2 

Pentode Unit 
330 
330 

pF 

pF 

pF 

pF 

volts 
volts 

See curve page 300 

0 volt 
2.5 watts 

0.55 watt 
See curve Ilage 300 

100 megohms 

Pentode Unit 
125 volts 
125 volts 

62 ohms 

150 kohms 
10000 p.mhos 

12 rnA 
4.5 mA 
-7 volts 

0.25 megohms 
0.5 megohms 

H 

9AE 

6.3 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

Without 
Shield 

2.2 pF 

3 pF 

2.2 pF 

0.05 pF 

9 pF 

:;.6 pF 
4.4 
5.5 pF 

0.17 pF 
0.09 pF 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage ,,',',',',,",.,"" _ , , , , , , , , , , , ' , , , 
Grid-No.2 (Screen-Grid) Supply Voltage "',""',' 
Grid-No.2 Voltage ' , , , ,_ , , , , ' , ' , , , , ' , , ' , 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Grid-No.2 Input "',"""',",,""',,.",,',"',' 
Plate Dissipation """'."""""',""',',"'" 

CHARACTERISTICS 
Plate Voltage "'," 
Grid-No.2 Voltage " 
Grid-No.1 Voltage " 
Cathode Bias Resistor 
Plate Current "',', 
Grid-No.2 Current 
Transconductance .. 
Amplification Factor ,,',',', 
Plate Resistance (Approx.) , 
Grid-No.1 Voltage (Approx.) 'j';,; 'j,i';t'e' current 

of 10 /LA _,',', _ ",',"',. " " 
Grid-No.1 Voltage (Approx.) for plate current 

of 20 fJ.A ""',",.,,"'" 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation ", 

330 

0 
2.5 

Triode Unit 

125 

-1 

11.5 

6000 
35 

5800 

-5.8 

0.5 
1 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

379 

Pentode Unit 
330 volts 
330 volts 

See curve page 300 
0 volts 

3.75 watts 
1.1 watts 

Pentode Unit 

150 volts 
150 volts 

volts 
150 ohms 

19 rnA 
4.2 rnA 

9000 /Lmhos 

165000 ohms 

volts 

-9.5 volts 

0.25 megohm 
1 megohm 

6MV8 

9DX 

Miniature type used for general-purpose applications. 
The pentode unit is used as an if-amplifier, and the 
triode unit as a sync-separator or voltage amplifier. 
Outlines section, 6B; requires miniature 9-contact 
socket. Heater: volts, 6.3; ampere, 0.6; maximum heater
cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage ,," _ , ' , , , , , , , ' , , , ' . , . , , . , , , , .. , ' , , . , , ' . 
Grid-No. 2 (Screen.Grid) Supply Voltage .,.".,." .. " 
Grid-No.2 Voltage , , , .. , . , , .. , , , ..... . 
Grid-No. 1 (Control-Grid) Voltage, 

Positive bias value 
Plate Dissipation 
Grid-No. 2 Input 

CHARACTERISTICS 
Plate Voltage 
Grid-No.2 Voltage 
Grid-No. 1 Voltage 

Plate Current 
Grid-No. 2 Current 
Transconductance 
Amplification Factor _ , , , , , , , , , , 
Plate Resistance (Appl'Ox.) , , , , , , , 
Grid-No.1 Voltage (Approx.) for plate current of 20 fJ.A 

MAXIMUM CIRCUIT VALUES 

Grid-No. I-Circuit Resistance: 
For fixed-bias operation 
For cathode-bias operation 

Refer to chart at end of section. 

Triode 
Unit 

330 

0 
1 

250 

-2 
Triode 
Unit 
2.5 

4000 
100 

25000 
-4.5 

0.5 
1 

Pentode 
Unit 
:130 
330 

See curve 

0 
2.5 

0.55 

125 
125 
-1 

Pentode 
Unit 

13 
4 

9000 

150000 
-6 

0.25 
1 

volts 
volts 

page 300 

volts 
watts 
watts 

volts 
volts 
volts 

rnA 
rnA 

/tmhos 

ohms 
volts 

megohms 
mf'gohms 

6N6G 



380 RCA RECEIVING TUBE MANUAL 

6N7 
6N7GT Refer to chart at end of section. 

6?5GT 

6P7G 
Refer to chart at end of section. 

Refer to chart at end of section. 

6Q7 
6Q7G Refer to chart at end of section. 

6Q7GT 

6Qll Refer to chart at end of section. 
For replacement use. type 6Kll/6Ql1. 

6R7 
6R7G Refer to chart at end of section. 
6R7GT 
6RHH2 For replacement use type 6BC8/6BZ8. 

6RHH8 For replacement use type 6KN8 /6RHH8. 

6RK19 For replacement use type 6BR3/6RK19. 

6RP22 Refer to chart at end of section. 

654 Refer to chart at end of section. 

6S4A MEDIUM-MU TRIODE 

Miniature type used as vertical-deflection amplifier in 
color and black-and-white television receivers. Outlines 
s£ction, 6E; requires miniature 9-~ontact socket. 
Heater Voltage (ac/dc) 
Heater Current 
Heater Warm-up Time (Average) 
Hea ter-Ca thode Voltage: 

Peak value ... 
Average value 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate 
Grid to Cathode and Heater 
Plate to Cathode and Heater 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage 
Grid Voltage ............ . 
Amplification Factor .......... . 
Plate Resistance (Approx.) 
Tl'ansconductance 
Plate Current 
Plate Current for grid voltage of - 15 volts 
Gl"id VoHap:e (Appl'ox.) for plate current of 50 /1A 

Vertical-Deflection Ampl ifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ................... . 
Peak Positive-Pulse Plate Voltage# 
Peak Negative-Pulse Grid Voltage 
Peak Cathode Current 
Average Cathode Current 
Plate Dis:-;ipation 

6.3 
0.6 
11 

9AC 

±200 max 
100 max 

2.4 
4.2 
0.6 

250 
-8 
16.5 

3700 
4500 

24 
4 

-22 

550 
2200 

250 
105 

30 
8.5 

volts 
ampere 
seconds 

volt:: 
volts 

pF 
pF 
pF 

volts 
volts 

ohms 
.umhos 

rnA 
rnA 

volts 

volts 
volts 
volts 

rnA 
rnA 

watts 
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MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance. for cathode-bias operation 2.2 megohms 

# Pulse duration must not exceed 15% of " vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE 

657 
657G 

658GT 

65A7 
65A7GT 

65B7Y 

65C7 

6SF;) 
65FSGT 

65F7 

65G7 

65H7 

6SJ7 
65J7GT 

65K7 
65K7GT 

6SL7GT 
l1SL7GT 

Glass octal type used as phase inverter in radio equip
ment. Each unit may also be used in resistance-coupled 
amplifiEr circuits. Outlines section, 13D; requires octal 
socket. Except for the common heater, each triode unit 

BBO is independent of the other. For typical operation as 
phase inverter or resistance-coup1ed amplifier, refer to Resistance-CoUl)led 
Amplifier section. Type 12SL7GT is identical with type 6SL7GT except for 
heater ratings. 

Heater Voltage (nc/dc) 
Heater Curl'ent 
Peak Heater-Cathode Voltage 

Dinet Interelectl'ode CapacitanceK (Appl'ox.):o 
Grid to Plate .... 
Grid to Cathode and Heater .' 
Plate to Cathode anel Heater 

With external Hhielcl connectecl to cathode. 

C!a3S AI An;plifiel 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage 
nrid Voltage, Po: .. ;itive~h;as value 
Plate Dh.;sipation 

CHARACTERISTICS 
Plate Voltage 
Grid Voltage 
Amplification Fadol' 
Plate Resistan('e (Appl'OX,) 
Tl'anSl'onliuctance 
PlntC' CtIl'l'ent 

6SL7GT 
6.a 
0.:1 

±90 max 

Unit No.1 
2.8 

:\ 
:l.X 

12SL7GT 
12.6 
0.15 
±90 max 

Unit No.2 
2.8 
3.4 
:1.2 

;j00 
0 
1 

250 
-2 

70 
HOOII 

lGOO 
2 ., .. , 

volt!i 
ampere 

volts 

pF 
pF 
pF 

volt~ 
volts 
watt 

volts 
volt~ 

ohnls 
f/mhos 

rnA 
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6SN7GT 
6SN7GTA 

6SN7GTB 
t2SN7GTA 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

Glass octal type used as combined vertical oscillator 
and vertical-deflection amplifier, and as horizontal
deflection oscillator, in color and black-and-white tele
vision receivers. Each unit may also be used in multi
vibrator or resistance-coupled amplifier circuits in 
radio equipment. Outlines section, 13D; requires octal BBD 
socket. Except for the common heater, each triode unit is independent of 
the other. For typical operation as resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. Type 12SN7GTA is identical with 
type 6SN7GTB except for heater ratings. 

6SN7GTB 12SN7GTA 
Heater Voltage (ac/de) .............. . 6.3 12.6 
Heater Current ......................... . 0.6 0.3 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

11 

Peak value . . . . . . . . . . . . . . . . . . . . . . . . ±200 max ±200 max 
Average value ................................ 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate .................................. 4.0 3.8 
Grid to Cathode and Heater .................... 2.2 2.6 
Plate to Cathode and Heater ................ 0.7 0.7 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage 
Cathode Current 
Plate Dissipation: 

For either plate . . . . . . . . . ... 
For both plates WJth both units operating 

CHARACTERISTICS 
Plate Voltage ... 
Grid Voltage 
Amplification Factor .... 
Plate Resistance (Approx.) 
Transconductance 
Plate Current .................................... . 
Plate Current for grid voltage of -12.5 volts ..... . 
Grid Voltage (Approx.) for plate CUl'l'ent of 10 /lA .. 
MAXIMUM CIRCUIT VA.LUE 
Grid~Cil'cuit Resistance, for fixed-bias operation 

no 
o 

20 
6700 
3000 

10 

-7 

Oscillator (Each Unit) 
For operation in a 525-line, 30-frame system 

Vertical

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ................................ . 
Peak Negative-Pulse Grid Voltage ........... . 
Peak Cathode Current .......... . ........... . 
Average Cathode Current ........................ . 
Plate Dissipation: 

For either plate ........................ . 
For both plates with both units operating .. 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance .......... . 

Deflection 
Oscillator 

450 
400 

70 
20 

5 
7.5 

2.2 

450 
20 

5 
7.5 

250 
-8 

20 
7700 
2600 

9 
1.3 

-18 

Horizontal
Dellection 
Oscillator 

450 
600 
300 

20 

5 
7.5 

2.2 

Vertical-Deflection Amplifier (Each Unit) 
For operation in a 525 .. Iine, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) 
Peak Negative-Pulse Grid Voltage .............................. . 
Peak Cathode Current ..... . ................................... . 

450 
1500· 

250 
70 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
mA 

watts 
watts 

volts 
volts 

ohms 
"mhos 

mA 
mA 

volts 

megohm 

volts 
volts 
mA 
mA 

watts 
watts 

megohms 

volts 
volts 
volts 
mA 
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Average Cathode Current ....................................... . 
Plate Dissipation: 

For either plate ............................................ . 
For both plates with both units operating ......... . 

MAXIMUM CIRCUIT VALUE 

20 

5 
7.5 

383 

rnA 

watts 
watts 

Grid-Circuit Resistance, for cathode-bias operation ................ 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical cycle (2.5 milliseconds) • 
• Under no circumstances should this absolute value be exceeded. 

30 

251--+-:-1 

f!l 
ffi 20 
a.. 
2l 

'" 3 15 

Si 

TYPE 6SN7GTB 
EACH TRIODE UNI 

w 101--J'H'-f+++--t-H'ti-7 /f---+----i 
~ 
...J a.. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6AF4A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

TRIPLE DIODE
HIGH-MU TRIODE 

92CS-8322T1 

65Q7 
65Q7GT 

65R7 

6557 
65T7 
6SZ7 

6T4 

6T7G 
6T8 

6T8A 
5T8, lilTS 

Miniature type used as combined audio amplifier, AM 
detector, and FM detector in AM/FM radio receivers. 
Diode unit No.1 is used for AM detection, and diode 
units No.2 and No.3 are used for FM detection. Out
lines section, 6B; requires miniature 9-contact socket. 

9E For typical operation as resistance-coupled amplifier, 
refer to Resistance-Coupled Amplifier section. Types 5T8 and 19T8 are 
identical with type 6T8A except for heater ratings. 

Heater Voltage (acldc) 
Heater Current 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value 
Average value 

5TS 6TSA 
4.7 6.3 
0.6 0.45 
11 11 

±200 max ±100 max 
100 max 

19T5 
18.9 volts 
0.15 ampere 

11 seconds 

±90 rna x volts 
volts 
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Direct Interelectrode Capacitances: Unshielded 
Triode Unit: 

Grid to Plate ................................ . 1.7 
Grid to Cathode, Internal Shield (pin 7), and 

Heater' .................................... . 1.6 
Plate to Cathode, Internal Shield (pin 7), and 

Heater .................................... . 1.2 
Diode Units: 

Diode-No.1 Plate to Cathode, Internal Shield 
(pin 7), and Heater ........................ . 

Diode-No.2 Plate to Cathode, Internal Shield 
3.8 

(pin 3), and Heater ........................ . 3.8 
Diode-No.3 Plate to Cathode; Internal Shield 

(pin 7), and Heater ....................... . 
Diode-No.2 Cathode, Internal Shield (pin 3) to All 

3.4 

Other Electrodes, and Heater ............... . 7.5 
Triode Grid to any Diode Plate ................. . 0.034 max 

• With external shield connected to pin 7 except as noted . 
• With extel'nal shield connected to pin 3 . 
• With external shield connected to pins 4 and 5. 

Triode Unit as Class AI Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........ . ....................................... . 
Grid Voltage, Positive-bias value ................................ . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage ..................................... . 
Amplification Factor ...........................•• , 
Plate Resistance (Approx.) .,', ................... . 
Transconductance ................................ . 
Plate Current ., ..... , ............................ . 

Diode Units 
MAXIMUM RATING (Design-Maximum Values) 

100 
-1 

70 
64000 

1300 
0.8 

Plate Current (Each -Unit) .. , ............. , , ....... , ......... , . 

- TYPE 6T8A 
TRIODE UNIT 

92CS-7063T 

Shielded 

1.7 

1.7 

2.4 

3.8 

3.8· 

3.6 

8.5-
0.034 max 

330 
o 

1.1 

250 
-3 

70 
58000 

1200 
1 

5.5 

6T9 Refer to chart at end of section. 

6T10 
lOTIO, UTIO 

BEAM POWER TUBE
SHARP-CUTOFF PENTODE 

Duodecar type used as combined FM detector and 
audio-frequency output amplifier in color and black
and-white television receivers. The beam power unit 
is used in af output stages, and the sharp-cutoff, dual
control pentode unit is used as an FM detector. Out
lines section, 8C; requires duodecar l2-contact socket. 
For maximum ratings and characteristics, refer to type 
6AL1!. Types lOT10 and l2T10 are identical with type 
OT10 except for heater ratings. 

pF 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

volts 
volts 

watts 

volts 
volts 

ohms 
pmho8 

mA 

mA 



TECHNICAL DATA 

Heater Voltage '(aclde) ............. . 
Heater Current .................... . 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value ............. . 
Average value ....... _ ......... . 

Direct Interelectrode Capacitances: 
Unit No.1: 

6TIO 
6.3 

0.95 

±200 max 
100 max 

lOTIO 
9.S 
0.6 
11 

±200 max 
100 max 

Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ................................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 

Shield ................................................... . 
Unit No.2: 

Grid No.1 to Plate ......................................... . 
Grid No.3 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and Internal 
~~ ................................................... . 

Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, and 
Internal Shield ........................................... . 

Grid No.1 to Grid No.3 .................................... . 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6U8A/6KD8. 

For replacement use type 6U8A/6KD8. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

385 

12TIO 
12.6 volts 
0.45 amperes 

11 seconds 

±200 max volts 
100 max volts 

0.22 pF 

11 pF 

10 pF 

0.032 pF 
3 pF 

6.5 pF 

7.5 pF 
0.12 pF 
0.13 pF 

6U5 
6U7G 

6U8 

6U8A 

6U8AI 
6KD8 

SUS,9USA == __ ....... 7 KP.G3p 

IS Miniature types used as combined oscillator and mixer 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; require miniature 9-
contact socket. Type 5U8 is identical with type 6U8A/ 
6KD8 except for heater ratings. 

9AE 

5US 
Heater Voltage (ac/dc) .................. 4.7 
Heater Current .......................... 0.6 
Heater Warm-up Time (Average) ........ 11 
Heater-Cathode Voltage: 

Peak value ................................... . 
Average value ............................... . 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate ............................... . 
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ..... . 
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield ..... . 
Pentode Unit: 

Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............. . 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ...........•. 
Triode Cathode to Heater .....................•. 
Pentode Cathode, Pentode Grid No.3, and 

Internal Shield ............................. . 
Pentode Grid No.1 to Triode Plate ............. . 
Pentode Plate to Triode Plate .................. . 

6USA/6KD8 
6.3 

0.45 
11 

±200 max 
100 max 

Unshielded 

1.8 

2.8 

1.5 

0.010 max 

5 

2.6 
3 

3 
0.2 max 
0.1 max 

'" With external shield connected to pin 4 except as noted . 
• With external shield connected to pin 6. 

9USA 
9.45 

0.3 
11 

±200 max 
100 max 

Shielded· 

1.8 

2.8 

2 

0.006 max 

5 

3.5 
3· 

3· 
0.2 max 

0.02 max 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 

pF 

pF 
pF 

pF 
pF 
pF 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ... 

Triode Unit Pentode Unit 

Grid-No.2 (Screen-Grid) 'S':'pj,'l~' \T~it'a'g~':: ..... . 
Grid-No.2 Voltage ...... . . 
Grid-No.1 (Control-Grid) Voltage. P~sitive-bias vai':'~ 
Plate Dissipation ..... . 
Grid-No.2 Input: -

330 330 
330 

See curve pag,e 300 
0 0 

2.5 3 

For grid-No.2 voltages up to 165 volts . 
For grid-No.2 voltages between 165 and 330 volts 

0.55 
See curve page 300 

CHARACTERISTICS 
Plate Voltage ......................... . 
Grid-No2 Voltage 
Grid-No.1 Voltage .. 
Amplification Factor ..... . 

125 125 
110 

-1 -1 
40 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 

Plate Resistance (Approx.) .......... . 
Transconductance ........... . 

0.2 megohm 

Plate Current ... 
Grid-No.2 Current 
Grid-No.1 Voltage (Aj,j,'r~xT for j,l~t~ ~':';·;·~~t ~f 

20 ItA 

7500 
13.5 

-9 

5000 
9.5 
3.5 

-8 

6U9jECF201 Refer to chart at end of section. 

6Ul0 THREE-UNIT TRIODE 

Duodecar type used in amplifier applications. Units 
No.1 and No.3 are medium-mu triode units, and unit 
No.2 is a high-mu triode unit. Outlines section, SA; 

"mhos 
mA 
mA 

volts 

requires duodecar 12-contact socket. Heater: volts KT3,-3~~~;v:~~ 
(ac/dc), 6.3; amperes, 0.6; warm-up time (average), I 

11 seconds; maximum heater-cathode volts, ±275 
(peak) for units 1 and 3; ±200 (peak) for unit 2; 
100 (average) for each unit. 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage 
DC Grid Voltage: 

Positive-bias value ................... . 
Negative-bias value .. 

Average Cathode Current 
Plate DiSSIpation 

CHARACTERISTICS 
Plate Voltage 
Grid Voltage 
Amplification Factor 
Plate Resistance (Approx.) 
Tl'ansconducta.nce .................. . 
Plate Current ..................... . 
Grid Voltage (Approx.): 

For plate current of 100 "A 
For plate current of 35 "A 

MAXIMUM CIRCUIT VALUES 
Grict-Circllit Resistance: 

Units Nos. 
1 and 3 

330 

o 
50 
20 

2 

200 
-6 

17.5 
7700 
2300 

9.6 

-15 

For fixed-bias operation 1 
For cathode-bias operation 2.2 

Unit 
No.2 
330 

o 
50 

200 
-1.5 

90 
61000 

1600 
1.2 

-3 

12FE 

volts 

volts 
volts 

mA 
watts 

volts 
volts 

ohms 
"mhos 

mA 

volts 
volts 

0.5 megohm 
1~': megohms 

>Ie This value may reach 10 megohms provided the plate-supply 
are such that the plate dissipation can never exceed 0.5 watt. 

voltage and load resistance 

6V3A Refer to chart at end of sectism. 
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Gz G, 6V6 

"~4::: 5 BEAM POWER TUBE 6~~v~!A 
Metal type 6V6 and glass octal type 6V6GTA are used 

H 2 7 H 
as output amplifiers in automobile, battery-operated, 

s:WO' 8 G~ and other receivers in which reduced plate-current 
NC'OVOGTA drain is desirable. Outlines section, 2B and l3D, re-

7AC spectively; require octal socket. These tubes are equiva-
lent in performance to type 6AQ5A. Refer to type 6AQ5A for average 
plate characteristic curves. Type l2V6GT is identical with type 6V6GTA 
except for heater ratings. 

6V6 6V6GTA 
Heater Voltage (ac/dc) 6.3 6.3 
Heater Current .................... , 0.45 0.45 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

11 

Peak value ....... . ±200 max ±200 max 
Average value .... . 100 max 100 max 

6V6° 
Dil'ect Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate ........................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and 

Grid No.3 ............................ . 
Plate to Cathode, Heater, Gl'id No.2, and 

Grid No.3 ................................. . 

., With shell connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage 
Grid-No.2 (Screen-Grid) Voltage 
Plate Dissipation 
Grid-No.2 Input 

TYPICAL OPERATION 
Plate Voltage .... 
Grid-No.2 Voltage . . . . . 
Grid-No.1 (Control-Grid) Voltage 
Peak AF Grid-No.1 Voltage 
Zero-Signal Plate Current 
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 
Plate Resistance (Approx.) 
Transconductance 
Load Resistance .......... . 
Total Harmonic Distortion . .. 
Maximum-Signal Power Output 

CHARACTERISTICS (Triode Connection)'" 
Plate Voltage ................ . 
Grid-No.1 (Control-Grid) Voltage 
Amplification Factor 
Plate Resistance (Approx.) 
Transconductance ....... _ .. . 
Plate Current .... . 

180 
180 

-8.5 
8.5 
2!l 
ao 

:1 
4 

50000 
:1700 
5500 

H 
2 

Grid-No.1 Voltage (Approx.) for plate current of 0.5 rnA 
... Grid No.2 connected to plate. 

o.~ 

10 

11 

250 
250 

-12.5 
12.5 

45 
47 
4.5 

7 
50000 

4100 
5000 

8 
4.5 

Push-PUll Class Al Amplifier 
MAXIMUM RATINGS (Same as for Class Al Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage 
Grid-No.2 Voltage ..... 
Grid-No.1 (Control-Grid) Voltage 
Peak AF Grid-No.1-to-Grid-No.1 Voltage 
Zero-Signal Plate Current ..... 
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grirl-No.2 Current 

250 
250 

-15 
30 
70 
79 

5 
1~ 

12V6GT 
12.6 

0.225 

±200 max 
100 max 

6V6GTA 

0.7 

9 

7.5 

350 
315 

14 
2.2 

HIS 
225 

-13 
13 
:14 
35 
2.2 

6 
80000 
3750 
8500 

12 
5.5 

250 
-12.5 

9.8 
1960 
5000 
49.5 

-36 

285 
285 

. -19 
:lR 
70 
92 
4 

13.5 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
VOltR 

rnA 
rnA 
mA 
rnA 

ohms 
p.mhos 

ohms 
per cent 

watts 

volts 
volts 

ohms 
JLrnhos 

rnA 
volts 

volts 
volts 
volts 
volts 

rnA 
rnA 
mA 
rnA 



388 RCA RECEIVING TUBE MANUAL 

Effective Load Resistance (Plate-to-Plate) ......... . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

10000 
5 

10 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................. . 

8000 ohms 
3.S per cent 
14 watts 

0.1 megohm 
0.5 megohm 

Vertical-Deflection Amplifier (Triode Connection)& 
For operation in a 52S-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ......... . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..................................... . 
Plate Dissipation .............................................. . 
MAXIMUM CIRCUIT VALUE 

350 
1200 

275 
115 

40 
10 

volts 
volts 
volts 

mA 
rnA 

watts 

Grid-No.I-Circuit Resistance, for cathode-bias opel·ation .......... 2.2 megohms 
• Grid No.2. connected to plate. 
:# Pulse duration must not exceed lti70 of a vertical scanning cycle (2.5 milliseconds). 

6V6GT 

6V6GTY 

6V7G 

6W4GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6W6GT 
BEAM POWER TUBE lZW6GT 

Glass octal type used in the audio output stage of 
radio and color and black-and-white television re
ceivers. Triode-connected, it is used as a vertical-de
flection amplifier in television receivers. Outlines sec
tion, 13D; requires octal socket. This type may be 
supplied with pin No.1 omitted. Type 12W6GT is identi
cal with type 6W6GT except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................ . .............. . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value .... 

6W6GT 
6.3 
1.2 

±200 max 

Average value ....... 100 max 
Direct Interelectrode Capacitances (Approx.): 

Gdd No.1 to Plate ....................................... . 
Grid No.1 to' Cathode, Heater, Grid No.2, and Gdd No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Gdd No.3 ......... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage .............................. . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION 
Plate Supply Voltage ............................. . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Cathode-Bias Resistor ............................ . 
Peak AF Grid-No.1 Voltage ...................... . 
Zero-Signal Plate Current ........................ . 
Maximum-Signal Plate Current .................. . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Plate Resistance (Approx.) ...................... . 

110 
110 

-7.5 

7.5 
49 
50 

4 
10 

13000 

,,~G24 5G1 

2 7 
H H 

1 8K 
NC G3 

7AC 
12W6GT 

12.6 volts 
0.6 ampere 
11 seconds 

} +200 max volts -300 max 
+100 max volts l-200 max 

0.8 pF 
15 pF 

9 pF 

330 volts 
165 volts 
12 watts 

1.35 watts 

200 volts 
125 volts 

volts 
180 ohms 
8.5 volts 
46 mA 
47 mA 

2.2 mA 
8.5 mA 

28000 ohms 
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Transconductance ................................ . 
Load Resistance ................................. . 
Total Harmonic Distortion (Approx.) ............ . 
Maximum-Signal Power Output ................... . 
CHARACTERISTICS (Triode Connection)* 

8000 
2000 

10 
2.1 

Plate Voltage ................................................. . 
Grid-No.1 Voltage .... . . , ......... ' ' ............ . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid No.1 Voltage (Approx.) for plate current of 0.5 rnA 
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation .. 

• Grid No.2 connected to plate. 

Vertical-Deflection Ampl ifier 
For operation in a 525 .. line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Triode 

Conneetion * 
330 

1200 
DC Plate Voltage .' ............................. . 
Peak Positive-Pulse Plate Voltage# ............... . 
DC Grid No.2 (Screen-Grid) Voltage ............. . 
Peak Negative-Pulse Grid-No.1 Voltage ........... . 
Peak' Cathode Current ........................... . 
Average Cathode Current ......................... . 
Plate Dissipation ................................ . 
Grid-No.2 Input ................................. . 
MAXIMUM CIRCUIT VALUE 

275 
195 

65 
8.5 

8000 
4000 

10 
3.8 

225 
-30 

6.2 
1600 
3800 

22 
-42 

0.1 
0.5 

Pentode 
Conneetion 

330 
1500 

165 
275 
195 

65 
8 

1.2 

389 

pmhos 
ohms 

per cent 
watts 

volts 
volts 

ohms 
pmhos 

rnA 
volts 

megohm 
megohm 

volts 
volts 
volta 
volts 

rnA 
rnA 

watts 
watts 

Grid-No.1-Circuit Resistance, for cathode-bias operation 2.2 2.2 megohms 

N 

• Grid No.2 connected to plate. 
#: Pulse dUl'ation must not exceed 15(/0 of a vertical scanning cycle (2.5 milliseconds), 

o 

TYPE 6W6GT I PENJOD~ CONNECTION 
GRID-No. 2' VOLTS-125 J 

I I 1+5.0 

.--r-;.1 +2.~ 
Ib 

I -- "GiiiD-No.I VOLTS ECI-C 

/ 
-2.5 

f...- Ib I -5.0 

~~ 
,...- -15.0 -7.5 

~ Ec=+5 -10.0 - -la5 .... - - -
100 200 

PLATE VOLTS 
30,0 400 

92CS-7942T 

TYPE 6W6GT 
TRIODE CONNECTION 
GRID No.2 CONNECTED TO PLATE. 

~ 250 J--+-+-+--t 
IL ;1 01 !!!' 1 
~ 200 '"L I -/ .J+-+--+--1r---l 

:3 I II I if ~1-+/--+--t-1 i 150 - I 

~ IOOI+--I+---1V,--! LWI-+--t--l 
~ / /~ J Jf 

50,/ vtlV/Y 
o 200 400 600 800 

PLATE VOLTS 92CS-7943T 

Refer to chart at end of section. 6W7G 

H NC FULL-WAVE 6X4 
12X4 

Miniature type used in power supply of automobile 
and ac-operated radio receivers. Equivalent in perfor-

H.~4 5 6 Po, VACUUM RECTIFIER 

NC 2 7 K mance to larger type 6X5GT. Outlines section, 5D; re-
, quires miniature 7-contact socket. This tube, like other 

P02 power-handling tubes, should be adequately venti-
5BS lated. For discussion of Rating Chart and Operation 

Characteristics, refer to Interpretation of Tube Data. Type 12X4 is iden
tical with type 6X4 except for heater ratings. 



390 RCA RECEIVING TUBE MANUAL 

Heater Voltage (ac/de) .......................•.. 
Heater Current .................................. . 
Heater-Cathode Voltage: 

6X4 
6.34 

0.6 

12X4 
12.6 

0.8 
volts 

ampere 

Peak value .................................. . 
Average value ............................... . 

+200, -450 max 
100 max 

volts 
volts 

4 When the heater is operated from a 3-cell (nominal-6-volt) 
missible heater-voltage range is from 5 to 8 volts. 

storage-battery source, the per-

FUll-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage .................................. .. 1250 

245 
See 

350 

volts 
mA 

Rating Chart 
volts 

mA 

Steady-State Peak Plate Current (Per Plate) ................... . 
AC Plate Supply Voltage (Per Plate, rms) .................... . 
DC Output Voltage (At filter input)t .......................... . 
Average Output Current (Each plate)t ......................... . 45 

# Hot-Switching Transient Plate Current ......................... . 

t This rating applies when the 6X4 is used in vibrator operation with a minimum duty cycle 
of 75 per cent. 
#: If hot-switching is regularly required in operation, the use of choke-input circuits is. recom
mended. Such circuits limit the hot-switehing current to a value no higher than that of the 
peak plate current. When capacitor-input circuits are used, a maximum peak current value 
per plate of 1.1 amperes during the initial cycles of the hot-switehing transient should not 
be exceeded. 

OPERATION CHARACTERISTICS 
FULL WAVE ORCUIT CAPACITOR INPUT TO FILTER -

TYPE 6X4 
E.f"= 6.3 VOLTS 
FILTER-INPUT CAPACITOR = 10l£F 
TOTAL EFFECT. PLATE-SUPPLY IMPEDANCE 

{520 OHMS FOR CURVES 1-5 
PER PLATE 400 OHMS FOR CURVES 6-8 

OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUIT CHOKE INPUT TO FILTER 

TYPE 6X4 
E.f"= 6.3 VOLTS SUPPLY rREQUENCY=60CPS 
--CHOKES OF INFINITE INDUCTANCE 
----- CHOKES OF VALUES SHOWN 
- - BOUNDARY LINE FOR CHOKE VALUES 

SHOWN 
700 DEI = SEE RATING CHART 700 CBA=SEE RATING CHART 

600 ~ 
~o ...... r---......e, 

0 

~'~ ~ 0_. 

-l...?s :::... r-
oo~~~ "- E Ii r-::::~~,,~ 

~""o ...... r---. ::-~i:: 1\ 0 

~ --I'-- ---H 
re: --I-

8 _ 

...... ~ -I--- i 
r--I-- \ 

-~, 
100 

A 
o 20 40 60 80 100 

DC LOAD MILLIAMPERES 
92CM-8031T1 

TYPICAL OPERATION 

Filter Input 
AC Plate Supply Voltage (Each plate, rms)· .. 
Filter Input Capacitor .... : .................. . 
Effective Plate Supply Impedance (Each plate) 

~'?' A 
0~~--~20'"~~4~0'-~-'6~0'-~--8~O~L-~I~OO 

DC LOAD MILLIAMPERES 
92CM-8030TI 

Sine Wave Operation 
Capacitor Choke 

325 400 
10 

525 

Vibrator 
Operation 
Capacitor 

10 

Filter Input Choke ........................... . 10 
70 

340 

volts 
p.F 

ohms 
henries 

mA 
volts 

Average Output Current ...................... . 
DC Output Voltage at Input to Filter (Approx.) 

• AC plate supply voltage is measured without load. 

70 
310 

70 
240 
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RATING CHART 

TYPE 6X4 

E,· 6.3 VO~;XIMUM OPERATING VALIJES WITH' 
r--~ [CHOKE-INPUT FILTER 

A 45 _rCAPACITOR-INPUT FILTER -r--. Li B!". 
1-31 -- -_'"'::: h\ ... C 

I 

I 
I \0 1-2.1 -- --- -. 

I 
I I 

I I 

I I 

127 I 
350 G 4eo 

o 100. 200 300 400 eoo 
I.e PLATE SUPPLY VOLTS (RMSI PER PLATE (WITHOUT LOAD) 

Mel-IOZ'T' 

Refer to chart at end of section. 6X4W 

6X5 Refer to chart at end of section. 

~
POI 

POz 3 

Z 7 
H t< 

I 8 
NC K 

65 

FULL-WAVE 
VACUUM RECTIFIER 6XSGT 

Glass octal type used in power supply of automobile 
and ac-opel'ated receivers. Outlines section, 13D; re
quires octal socket. This type may be supplied with 
pin No.1 omitted. For maximum ratings, and typical 
operation, refer to type 6X4. 

Refer to chart at end of section. 6X8 

9AK 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

6X8A 
5X8,19X8 

Miniature type used as combined oscillator and mixer 
tube in television receivers utilizing an intermediate 
frequency in the order of 40 MHz and in AM/FM re
ceivers. Outlines section, 6B; requires miniature 9-con
tact socket. Types 5X8 and 19X8 are identical with 
type 6X8A except for heater ratings. 

5X8 6X8A 19X8 
Heater Voltage (aclde) _. _ ..... _. .......... 4.7 6.3 18.4 volts 
Heater Current ............................ O.S 0.45 0.16 ampere 
Heater Warm-up Time (Average) .......... 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ..... ____ ............ __ . . . . . ±200 max ±200 max ±200 max volts 
Average value ............... _ 100 max 100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded~ 
Triode Unit: 

Grid to Plate ... __ ....... _ .. __ . __ .. __ . ____ . . . pF 
Grid to Cathode and Heater _................. pF 

1.5 1.5 
2 2.4 

Plate to Cathode and Heater .. ____ . __ . . . . . . . . . pF 0.5 1 
Pentode Unit: 

Grid No.1 to Plate .. __ ...... _ . __ ... ____ ... __ . . pF 0.09 max O.OSmax 
Grid No.1 to Cathode. Heater, Grid No.2, and 

Grid No.3 ........ _ ... _ ... _ ...... _ ...... __ . _ pF 4.6 4.S 
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3 .. _ ...... _ .... _ . _ ... _ . _ ........ _ _ _ pF 0.9 1.S 
Pentode Grid No.1 to Triode Plate .. ______ . ____ . pF 0.05 max 0.04 max 
Pentode Plate to Triode Plate _ .... __ . _ ... ____ . . pF 0.05 max O.OOS max 
Heater to Cathode _ .... ____ . ___ . __ ....... _ .. __ . _ pF 6.5 6.5· 
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4 With external shield connected to cathode except a~ noted . 
• Wilth external shield connected to pentode plate. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentod. Unit 
Plate Voltage ....... ~ ............................ . 
Grid No.2 (Screen-Grid) Supply Voltage .......... . 

'275 275 volts 
275 volts 

Grid-No.2 Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 

See curve page 300 

Plate Dissipation ................................. . 
o 0 volts 

Grid-No.2 Input: 
1.7 2.3 watts 

For grid-No.2 voltages up to 137.5 volts ....... . 0.45 watt 
For grid-No.2 voltages between 137.5 and 275 volts See curve page 300 

CHARACTERISTICS 
Plate Voltage .................................... . 125 125 volts 
Grid No.3 ...................................... . Connected to' cathode at socket 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................. _ .......... . 
Plate Current .................................. . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current of 

20 p.A ......................................•. 

-1 
40 

6000 
6500 

12 

-7 

TYPE 6X8 

125 volts 
-'1 volt 

300000 
5500 

9 
2.2 

-6.5 

ohms 
"mhos 
, rnA 

rnA 

volts 

TYPE 6X8 
TRIODE UNIT 

N 
U ... PENTODE UNIT 

GRID-No.2 VOLTS=15u 
N GRID-No. 3 VOLTS = 0 
~ ::]25 
., II: r +?5 0 I e "'20 
11:"-
"lIE 
II: :! 15 
0..J r;.--. 

It -0.5'.1 

GRID-No.1 VOLTS ECI--I.O--
..J 

-;, 210 
!:! 

~Lll 
yt. 

\*"IC2 Ib -1.5 ~0.5 ~ 
:.'.-IC2 -2.0 i .., 

!;( 
y. ...... ~~ 

---3.0 

6X91 
ECF200 

..J 
"-

o 

y 

100 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used as if-amplifier tube in television 
receivers. Outlines section 6B, except has lO-pin base; 
requires miniature lO-contact socket. 

Heater Voltage ............................................. . 
Heater Current ................................................. . 
Peak Heater-Catbode Voltage ... d .............................. . 

Direct Interelectrode Capacitances: 
Tl'iode Unit: 

Plate to All Other Elements (except grid) •.................... 
Grid to All Other Elements (except plate) ..........•........• 
Plate to Grid ............................................... . 

Pentode Unit: 
Plate to All Other Elements (except grid No.1) ............ .. 
Grid No.1 to All Other Elements (except plate) ............ .. 
Grid No.1 to Cathode ...................................... . 
Plate to Grid No.1 ...............•...............••......... 
Grid No.1 to Grid No.2 ..................................... . 

"":4.0-1.0 

200 300 400 
PLATE VOLTS nCS-7532T 

10K 
6.3 volts 

0.41 ampere 
±150 max volts 

:l pF 
2.5 pF 

2 pF 

3.5 pF 
6.5 pF 

4 pF 
<6.5 pF 

1.8 pF 
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Pentode Grid No.1 to Triode Plate ............................. . 
Pentode Grid No.1 to Triode Grid ..........................•... 
Pentode Plate to Triode Plate ................................•• 

Class A, Amplifier 

15 
<1.2 
<1.5 

393 

pF 
pF 
pF 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage .............................• 

Triode Unit Pentode Unit 
550 550 volts 

volts 
volts 
volts 
volts 

Plate Voltage •....•............................... 250 250 
Peak Plate Voltage' ............................ .. 600 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ........•........................ 
Cathode Current ................................. . 18 
Plate Dissipation ................................. . 1.5 
Grid-No.2 Input .................................. . 
CHARACTERISTICS 
Plate Voltage ....................................• 170 
Grid-No.3 (Suppressor-Grid) Voltage .............. . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Mu Factor, Grid-No.1 to Grid-No.2 ................• 

-1 

Amplification Factor ............................. . 55 
Transconductance . ............................... . 4800 
Plate Current .................................... . 8.5 
Grid-No.2 Current ................................• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance ...................... . 

550 
250 

18 
2.1 
0.7 

160 
0 

135 
-1.7 

55 

14000 
13 

5 

rnA 
watts 
watt 

volts 
volts 
volts 
volts 

JLmhos 
rnA 
mA 

megohm 

• With a maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

Refer to chart at end of section. 

BEAM POWER TUBE 

6Y5 

6Y6GAI 
6Y6G 

p~G24 5G1 

2 7 
H H 

18K 
NC G3 

7AC 

Glass octal type used as output amplifier in radio re
ceivers and in rf-operated, high-voltage power supplies 
in television equipment. Outlines section, 19B; requires 
octal socket. 

Heater Voltage (acjdc) ....................................... . 
Heater Current .. ..................... . ............. . 
Peak Heater-Cathode Voltage .............. . 
Direct lnterelectl'ode Capacitances (Approx.): 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ..... . .......................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Grid-No.2 Voltage . . ......................................... . 
Plate Dissipation .......... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 100 volts ..................... . 
For grid-No.2 voltages between 100 and 200 volts ........... . 

TYPICAL OPERATION 
Plate Voltage .........•............ 
Grid-No.2 Voltage ............... . 
Grid-No.1 (Control-Grid) Voltage 
Peak AE' Grid-No.1 Voltage ....... . .......... . 
Zero-Signal Plate Current ............ . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-NO.2 Current ....... . 
Plate Resistance (Approx.) ............... . 
Transconductance ... ............................. . 
Load Resistance .............. . ............... . 
Total Harmonic Distortion .... . ............. . 
Maximum-Signal Pow~r Output ............. . 

135 
135 

-13.5 
13.5 

58 
60 

3.5 
11.5 

9300 
7000 
2000 

10 
3.6 

6.3 
1.25 

±180 max 

0.7 
12 

7.5 

volts 
amperes 

volts 

pF 
pF 
pF 

200 volts 
200 volts 
See curve page 300 

12.5 watts 

1.75 watts 
See curve page 300 

200 
135 

-14 
14 
61 
66 

2.2 
9 

18300 
7100 
2600 

10 
6 

volts 
volts 
volts 
volts 
rnA 
rnA 
rnA 
mA 

ohms 
JLmhos 

ohms 
per cent 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..... . 
For cathode-bias operation 

0.1 
0.5 

megohm 
megohm 

'6Y6GT 
6Y7G 

For replacement use type 6Y6GA/6Y6G. 

6Y9 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6Y9/EFL200. 

6Y9/EFL200 
17Y9 DUAL PENTODE 

Miniature type for use in color and black-and-white 
television receiver applications. Unit No.1 is used as 
a video output pentode, and unit No.2 as a sound if 
amplifier, agc amplifier, or sync separator. Outlines 
section, 6L, except has lO-pin base; requires minia
ture lO-contact socket. Type 17Y9 is identical with type 
6Y9/EFL200 except for heater ratings. 

Heater Voltage 
Heater CUrl'ent ..... . 
Peak Heater-Cathode Voltage 
Direct Interelectrode Capacitances: 

Unit No.1: 

6Y9/ 
EFLlOO 

6.3 
0.8 

±200 

Plate to All Other Elements (except grid No.1) ......•....... 
Grid No.1 to All Other Elements (except plate) ............. . 
Plate to Grid No.1 ......................................... . 

Unit No.2: 
Plate to All Other Elements (except grid No.1) ............. . 
Grid No.1 to All Other Elements (except plate) .......•....... 
Plate to Grid No.1 ........................•.......•....•.... 
Grid No.1 to Heater ............................•..........• 

Plate to Plate ...............................•......•••......•• 
Grid. to Grid ................................................. . 
Plate (Unit No.1) to Grid No.1 (Unit No.2) .....•.............. 
Plate (Unit No.2) to Grid No.1 (Unit No.2) •••.•............... 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage ............................. . 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ...........• 
Grid-No.2 Voltage ................................ . 
Cathode Current •..............•.•..........•..••. 
Plate Dissipation ...............................••• 
Grid-No.2 Input ................................. . 
CHARACTERISTICS 
Plate Voltage ..................................... . 
Grid-No.2 Voltage ..............................••• 
Grid-No.1 (Control-Grid) Voltage .................• 
Mu Factor. Grid-No.1 to Grid-No.2 ........•••••..••. 
Internal Resistance .........•.........•...••••.•••• 
Transconductance ...........•..........•.........• 
PI"te Current ....................................• 
Grid-No.2 Current ................................• 

Unit No.1 
550 
250 
550 
250 

60 
5 

2.5 

170 
170 

-2.6 
38 
40 

21000 
30 
6.5 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance ....................... 1 

17Y9 
16.5 
0.3 

±200 

7 
12 
95 

11 
10 

140 
<100 
<150 
<10 

<100 
<5 

Unit No.2 
550 
250 
550 
250 

15 
1.5 
0.5 

150 
150 

-2.3 
35 

160 
8500 

10 
3 

6Z4 
Refer to chart at end of section. 
For replacement use type 84/6Z4. 

6Z5 

6Z7G 
6Z10 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

10L 

volts 
ampere 

volts 

pF 
pF 
pF 

pF 
pF 
pF 
pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

mA 
watts 
watts 

volts 
volts 
volts 

kohms 
pmhos 

mA 
mA 

megohm 
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GATED-BEAM 

DISCRIMINATOR 
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6Z10/6Jl0 
lOZlO, 13Z10/UUO 

128T 

Duodecar types used as a combined limiter, discrimi
nator, and audio power-output tube in FM radio and 
television receivers. Outlines section, 8e; require 
duodecar 12-contact socket. Types 10Z10, and 13Z10/ 
13J10 are identical with type 6Z10/6J10 except for 
heater ratings. 

6Z10/6JlO 10Z10 
Heater Voltage (ac/dc) .. . . . . . . . . . . 6.3 10 
Heater Current 0.95 0.6 
Heater Warm-up' Ti;;'~' (A~~,;~g~) 11 
Hea ter-Ca thode Voltage: 

Peak value ±200 max ±200 max 
Average val~~' 100 max 100 max 

Direct Interelectrode Capacitances: 
Pentode Unit: 

Grid No.1 to Grid No.3 ................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, Plate, 

and Internal Shield .................................. . 
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate, 

"nd Internal Shield ................................... . 
Beam Powel' Unit: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

13Z10/13JlO 
13.2 
0.45 

11 

±200 max 
100 max 

0.009 

4.4 

3.2 

0.22 
11 

7.5 

Gated-Beam Unit as Limiter and Discriminator 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Supply Voltage ........................................... . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 Voltage, Peak positive value ......................... . 
Average Cathode Current ....................................... . 
CHARACTERISTICS 
Plate Voltage .................................. 135 135 
Grid-No.3 (Suppressor-Grid) Voltage............ 4 4 
Grid-No.2 (Screen-Grid) Supply Voltage........ 280 
Grid-No.2 Voltage ..............•.............• 75 
Grid No.1 (Control-Grid) Voltage ............• 0 0 
Grid-No.2 Resistor ............................• 33 
Transconductance, Grid No.1 to Plate .......... . 
Transconductance, Grid No.3 to Plate .......... . 
Average Plate Current ......................... 5 
Grid-No.2 Current............................. 4.5 
Grid No.1 Voltage (Approx.) for plate current of 

20 "A ....................................... . 
Grid No.3 Voltage (Approx.) for plate current of 

20 "A ....................................... . 

Pentode Unit as Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .........•......................................... 
Grid-No.2 (Screen-Grid) Voltage ...............................•. 
Plate Dissipation •..............•................•..............• 
Grid-No.2 Input ................................................ . 
TYPICAL OPERATION 
Plate Voltage ................................................. .. 
Grid-No.2 Voltage ........................•.....••............... 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ..................................... .. 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ...............•...................... 
Transconductance .............................................. . 
Load Resistance ...............•.•............................... 
Total Harmonic Distortion (Approx.) . 
Maximum-Signal Power Output ................................. . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ..................•................ 

330 
330 

60 
13 

135 
o 

280 

o 
33 

360 
700 

-4 

-4 

275 
275 

10 
2 

250 
250 
-8 

8 
:~5 
:19 

3 
13 

0.1 
6500 
5000 

8.5 
4.2 

0.25 
0.5 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

pF 
pF 
pF 

vulb3 
volts 
volts 

rnA 

volts 
volts. 
volts 
volts 
volts 

kohrns 
"mhos 
"mhos 

rnA 
mA 

volts 

volls 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 

mA 
rnA 
mA 
rnA 

megohm 
.umhos 

ohms 
per cent 

watts 

megohm 
megohm 
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6ZY5G 

7A4 

7A5 

7A6 

7A7 

7A8 

7AD7 

7AF7 

7AG7 

7AH7 

7AU7 

784 

785 

786 

787 

788 

7C5 

7C6 

7C7 

7DJ8/PCC88 

7E6 

7E7 

7EY6 

7F7 

7F8 

7G7 

7GS7 

RCA RECEIVING TUBE MANUAL 

Refer to chart' at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12A U7 A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6GS7. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6HG8/ECF86. 

Refer to chart at end of section. 

Refer to chart at end of section. 

SHARP-CUTOFF PENTODE 

397 

7H7 

7HG8 

7HG8jPCF86 

7J7 

7K7 

7KY6 
Miniature type with frame grid used as video output 
amplifier in color and black-and-white television receiv
ers. Outlines secton, 6E; requires miniature 9-contact 

9GK socket. 

Heater Voltage (ac/dc) 
Heater Current ... 
Heater Warm-up Time 
Heater-Cathode Voltage: 

Peak value 
Average value ... 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ...... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ................. . ..... . 
Grid-No.2 (Screen-Grid) Supply Voltage 
Grid-No.2 Voltage . . . . . . . . ......... . 
Grid-No.1 (Control-Grid) Voltage, Positive-hias value 
Plate Dissipation 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 

7.3 
0.45 

11 

±200 max 
100 max 

0.16 max 

14 

6 

volts 
ampere 
seconds 

volts 
volts 

pF 

pF 

pF 

330 volts 
3aO volts 
See curve page 300 

o volts 
9 watts 

1 watt 
See curve page 300 

200 volts Plate Supply Voltage 
Grid-No.3 Voltage 
Grid-No.2 Supply Voltage 
Grid-No.1 Supply Voltage 

Connected to cathode at socket 
. . . . . . . . . . 135 volts 

TYPE 7KY6 
'" GRID-No.2 VOLTS = 135 
~ 100~--,,---,----,----~----~--~--~ 
N 
d o 
:0;: f3 SO~-=--11 ... "=-+----+--
00:: -0.5--
~~ 
0::::E 60H.-"=t----+-----+-
o::! 
:0:] 
!:!~ 40 
ILl 

~ 
~ 20~~~~~~~i:~;t~;-~2~.5~-_i--__1 IL ___ I 

-- -3 

o 100 200 300 400 500 600 
PLATE VOLTS 

92CS - 13833 TI 

o volts 
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Cathode-Bias Resistor ..... . ............. . 47 
Plate Resistance (Approx.) ......................... . 40000 
Transconductance . . . . .. . ..................................... . 30000 
Plate Current ....................................... . 30 
Grid-No.2 Current . . . . .. . ................................ . 5.2 
Grid-No.1 Voltage (Approx.) for plate current of 100 pA -4.5 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

7KZ6 

7L7 

7N7 

7Q7 

7R7 

757 

7V7 

7W7 

7X7 

7Y4 

7Z4 

BAB 

BACIO 

BAL9 

BARIl 

BAUB 

BAWBA 

BBB 

B810 

B8ABA 

BBAI1 

88H8 

0.1 
0.25 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 9AS/PCFSO. 

Refer to type 6AC10. 

Refer to chart at end of section. 

Refer to type 6ARll. 

Refer to chart at end of section. 

Refer to type 6A WSA. 

Refer to type l6AS/PCLS2. 

Refer to type 6B10. 

Refer to type 6BASA. 

Refer to type BEAll. 

Refer to chart at end of section. 

ohms 
ohms 

pmhos 
mA 
mA 

volts 

megohm 
megohm 
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DUAL PENTODE 88Mll 

12FU 

Duodecal' type used as if amplifier in television re
ceivers. Unit No.1 is a semiremote-cutoff pentode, and 
unit No.2 is a sharp-cutoff pentode. Outlines section, 
8il; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 8.4; amperes, 0.45; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ......................•.............. 
Grid-No.:l (SuPlll'essor-Grid) Voltage .............. . 
Grid-No.2 (Screen-Grid) Voltage ................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias valu~ 
Plate Dissipation ................................. . 
Grid-No.2 Input ..................................•• 
CHARACTERISTICS 
Plate Supply Voltage ............................•• 
Grid No.3 ........................................• 
Grid-No.2 Voltage ................................. . 
Cathode-Bias Resistor .............................• 
Plate Resistance (Apllrox.) .......................• 
Transconductance .........................•..•....• 
Plate Current .................................... . 
Grid-No.2 Curren t ..................•.•.•.•••.••••• 
Grid-No.1 Voltage (Avprox.) for plate current of 

20 p.A ........................................... . 
Grid-No.1 Voltage (Aplll'OX.) for transconductance of 

50 p.mho ........................................ . 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Cil'cuit Resistance, for cathode-bias 

operation ..................................... . 

Refer to type 6BN8. 

Refer to chart at end of section. 

Refer to type GBQ5. 

Unit No.1 Unit No.2 
160 160 volts 

0 0 volts 
160 160 volts 

0 0 volts 
2.2 2.2 watts 

0.55 0.55 watt 

125 125 volts 
Connected to cathode at socket 

125 125 volts 
56 120 ohms 

220000 300000 ohms 
8800 8500 p.mhos 

14 9 rnA 
3.6 2.5 rnA 

-5.5 volts 

~16.5 volts 

0.25 megohm 

8BN8 

8BNll 

8BQS 

88Qll 

120M 

SEMIREMOTE-CUTOFF 
DUAL PENTODE llBQll, 16BQ11 

Duodecar type used as intermediate-frequency ampli
fier in television receivers. Outlines section, 8B; re
quires duodecar 12-contact socket. Types llBQll and 
16BQl1 are identical with type 8BQll except for heater 
ratings. 

8BQll 11BQ11 16BQll 
Heater Voltage (ac/de) 8.4 11.2 16 volts 
Heater CUl'l'ent 0.6 0.45 0.315 ampere 
Heater Warm-up Time ( Average) 11 11 11 seconds 
Heater-Cathode Voltage: 

Peak value ±200 max ±200 max ±200 max volts 
Average value 100 max 100 max 100 max volt. 

Direct Interelectrode Capacitance~: Unit No.1 Unit No.2 
Grid No.1 to Plate ........................... . 0.022 0.02~ Ill" 
Grid No.1 to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ............... . 10 pF 
Plate to Cathode. Heater, Grid No.2, Grid No.3, 

and Internal Shield ......................... . 2.8 pF 
Grid No.1 to Cathode, Heatel", <;ri,! No.2, 

Grid No.:!, Grid No.:.l of Unit No.1, and 
Internal Shield .................. . 11 pF 
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Plate to Cathode, Heater, Grid No.2, Grid No.3, 
Grid No.3 of Unit No.1, and Internal Shield . 2.8 

Plate of Unit No.1 to Plate of Unit No.2 ....•.•....•........ 0.015 
Grid No.1 of Unit No.1 to Plate of Unit No.2 ......••........ 0.002 
Grid No.1 of Unit No.2 to Plate of Unit No.1 ..............•. 0.008 
Grid No.1 of Unit No.1 to Grid No.1 of Unit No.2 •........... 0.002 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 
Plate Voltage .................................•..•. 
Grid-No.3 (Suppressor-Grid) Voltage ............... 330 330 
Grid-No.2 (Screen-Grid) Supply Voltage .....•.. ' '" 0 0 
Grid-No.2 Voltage ................................. 330 330 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value See curve page 800 
Plate Dissipation •..........•.....................• 0 0 
Grid-No.2 Input: 3.1 3.1 

For grid-No.2 voltages up to 165 volts .......... 0.65 0.65 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS 

pF 
pF 
pF 
pF 
pF 

volts 
volts 
volts 

volts 
watts 
watt 

Plate Supply Voltage ............................. . 125 125 volts 
Grid No.3 ..........•..•........................... Connected to cathode at socket 
Grid-No.2 Voltage ................................ . 125 125 . volts 
Cathode-Bias Resistor ............................. . 56 56 ohms 
Plate Resistance (Approx.) ....................... . 0.2 0.2 megohm 
Transconductance ................................. . 10500 13000 p.mhos 
Plate Current ••.......................•..........• 
Grid-No.2 Current .........•..........••.......••.. 

11 11 mA 
3.6 3.8 mA 

Grid-No.1 Voltage (Approx.) for plate current 
of 20 p.A .............••......................... 

Grid-No.1 Voltage (Approx.) for transconductance 
of 50 p.mho .................................... . -16 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias 

operation ....................................... . 

SBUll MEDIUM-MU TWIN TRIODE
SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
Outlines section, 8C; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 7.8; amperes, 0.6; warm
up time, 11 seconds, maximum heater-c~thode volts, 
±200 peak, 100 average. 

Class A, Amplifier 

-3 

0.25 

I 

H 

12FP 

MAXIMUM RATINGS (Design-Maximum Values) 
Each 

Pentode Unit Triode Unit 
Plate Voltage ..................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage •.............•.............•.. ; .• 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation •••.....•.•.•.••........••••....•• 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..••.•...• 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage .............................. . 
Grid-No.2 Voltage •.•.........•..••......••.•....•• 
Grid-No.1 Voltage ........................•..•••..• 
Cathode-Bias Resistor ..•.•••..........••...•.....•• 
Amplification Factor .....•...•••........••.••....• 
Plate Uesistance (Apln·ox.) ....................... . 
Transconductance •.•..........•.•••.......••.....• 
Plate Current ••.•..••........•.•.••...•..........• 
Grid-No.2 Current ..••...........••.••............ 
Grid Voltage (Approx.) for plate current of 100 p.A 
Grid-No.1 Voltage (Approx.) for plate current 

'of 30 p.A •••••.....•.•.•••...•..•.••••......••••• 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l~Circuit Resistance: 

For fixed-bias operation •...•• '0 • 0 0 • 0 0 ••••• 0 ••••• 

]i'or cuthode-bim; operation ....• 0 •••••••••••••• 

330 330 
330 

See curve page 300 
o 0 

2.5 1.8 

0.55 
See curve page 300 

125 125 
125 
-1 

68 
43 

200000 50000 
7500 8600 

12 13.5 
4 

-8 

-8 

0.5 0.5 
1 1 

volts 

volts 

megohm 

volts 
volts 

volts 
watts 

watt 

volts 
volts 
volts 
ohms 

ohms 
p.mhos 

rnA 
mA 

volt. 

volts 

megohm 
megohm 



TECHNICAL DATA 

Refer to chart at end of section. 
For replacement use type SFQ7/SCG7. 

Refer to type 6CM7. 
Refer to chart at end of section. 

Refer to type 6CS7. 
Refer to type 6CW5/ELS6. 

Refer to type 6CW5. 

Refer to type 6CXS. 

Refer to chart at end of section. 
For replacement use type SGNS/SEBS. 

Refer to type 6EM5. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6FQ7/6CG7. 
Refer to chart at end of section. 

Refer to type 6GJ7/ECFSOl. 

Refer to type 6GNS. 

Refer to type 6GU7. 

Refer to type 6JUSA. 

Refer to type 6JVS. 

Refer to type 6KA8. 

Refer to type 6LC8. 

Refer to type 6LTS. 
Refer to chart at end of section. 

Kp 
7 G3p 

IS MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

8CBll 
8CG7 
8CM7 
8CN7 
8C57 

401 

8CWS/XL86 
8CWS 
8CX8 

8EB8 

8EMS 
8ET7 
8FQ7 

8FQ7/8CG7 
8GJ7 

8GJ7/PCF801 
8GN8 

8GN8/8EB8 
8GU7 
8JU8A 
8JV8 
8KA8 
8LC8 
8LT8 
9A8 

9ASI 
PCF80 

Miniature type used as combined oscillator and mixer 
SOC tubes in vhf color and black-and-white television re-

ceivers. Outlines section, 6B; requires miniature 9-contact socket. Heater: 
volts (ac/dc), 9; amperes, 0.3; maximum heater-cathode volts, +100, -200 
peak; -120 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage ............................ . 
Plate Voltage .................................. . 
Grid-No.2 (Screen-Grid) Voltage .................. . 
Cathode Current ................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Jnput ................................. . 

Triode Unit 
650 
260 

14 
1.6 

Pentode Unit 
650 
250 
175 

14 
1.7 
0.6 

volts 
volts 
volts 

mA 
watts 
watt 
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CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 Voltage ................................ . 
Amplification Factor ... _ ......................... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ................................... . 
Grid-No 2 Current ................................ . 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.l .. Circuit Resistance: 

For fixed-bias operation .................•.••. 
For cathode-bias operation ................... . 

• Grid No.2 to Grid No.1. 

100 170 
170 

-2 -2 
20 47· 

0.4 
5000 6200 

14 10 
2.8 

0.5 0.5 
0.5 1 

9AH9 

9AK10 

9AM10 

Refer to chart at end of section. 

Refer to chart at end of section. 

9AQS/PCCS5 

9AU7 

9BJll 

9BR7 

9CLS 

9EAS 

9GHSA 

9GVS 

9GVS/XCL85 

9JW8/PCFS02 

9KC6 

9KX6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12A U7 A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6GH8A. 

Refer to chart at end of section. 

Refer to type 6GV8/ECL85. 

Refer to type 6JW8/ECF802. 

Refer to chart at end of section. 

SHARP-CUTOFF PENTODE 
Miniature type with frame grid used as video output 
amplifier in co!or and black-and-white television receiv
ers. Outlines section, 6E; requires miniature 9-contact 
socket. Heater: volts, 8.7; amperes, 0.45; warm-up 
time, 11 seconds; maximum heater-cathode volts, ±200 
peak, 100 average. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

volts 
volts 
volts 

mel<ohm 
/Lmhos 

mA 
mA 

megohm 
megohm 

H 

9GK 

Plate Voltage .................................................. . 400 volt. 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............. . o volts 
Grid-No.2 (Screen-Grid) Supply Voltage ........................ . 
Grid-No.2 Voltage ................. . ......................... . 

330 volts 
See curve page 300 

Grid-No.1 (Control-Grid) Voltage, Positive value ............... . o volts 
Plate Dissipation .............................................. . 11.5 watts 
Grid-No.2 Input ............................................... . 1.5 watts 

CHARACTERISTICS 
Plate Voltage .................................... . 250 50 volts 
Grid-No.3 Voltage ........•....................... Connected to cathode at socket 
Grid-No.2 Supply Voltage ......................... . 150 125 volts 
Grid-No.1 Voltage ................................ . o 0 volts 



TECHNICAL DATA 

Cathode-Bias Resistor, Bypassed ................... . 
Plate Resistance (Approx.) ....................... . 
Transconductance (Grid No.1 to Plate) ........... . 
Plate Current ................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 p.A 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Cil'cuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

Refer to type 6KZS. 

Refer to chart at end of section. 

Refer to type 6MNS. 

For replacement use type IODE7. 

Refer to type 6USA. 

Refer to chart at end of section. 

Refer to type 6ALI!. 

Refer to type 6BQ5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CW5/ELS6. 

Refer to type 6DE7. 

Refer to type 6DR7. 

Refer to chart at end of section. 

Refer to type 6DXS/ECLS4. 

Refer to chart at end of section. 

Refer to type 6EM7. 

Refer to type 6EW7. 

Refer to chart at end of section. 

Refer to type 6GF7A. 

Refer to type 6GK6. 

Refer to type 6GNS. 

Refer to type 6GV8/ECLS5. 

Refer to type 6HFS. 

Refer to chart at end of section. 

Refer to type IOJAS/IOLZS 

56 
50000 
36000 

28 
6.5 

-5.7 

70 
24 

403 

ohms 
ohms 

p.mhos 
mA 
rnA 

volts 

0.1 
0.25 

megohm 
megohm 

9KZ8 

9LA6 

9MN8 

9RALI 

9U8A 

10 

10AL11 

10BQ5 

10C8 

10CW5 

10CW5/LL86 

10DE7 

10DR7 

10DX8 

10DX8/LCL84 

10EG7 

10EM7 

10EW7 

10GF7 

10GF7A. 

10GK6 

10GN8 

10GV8/LCL85 

10HF8 

10JA5 

10JA8 
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lOJAS/ 
lOllS 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele-

H 

vision receiver applications. The triode unit is used as 90X 
a sync separator, sync clipper, and phase inverter; the 
pentode unit is used as a video amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. 
Heater Voltage (acidc) ................................. . 10.& volts 
Heater Current ,." ... ' ...... ' ... ' ... ' .... , ... , ................ . 0.45 ampere 
Heater Warm-up Time ., ....................................... . 11 seconds 
Heater-Cathode Voltage: 

Peak value ... , .... , ... ,.,., ..... , .. , .. , ................ " .. ±200max volts 
Average value .................................... . 100 max volts 

Direct Interelectrode Capacitances: 
Triode Umt: 

Grid to Plate .. ," .. , ..................................... . 4 pF 
Grid to Cathode, Pentode Cathode, Heater, Pentode Grid No.3. 

and Internal Shield ..................................... . 2.6 pF 
Plate to Cathode, Pentode Cathode, Heater, Pentode Grid No.3, 

and Internal Shield .', ................................... . 2.6 pF 
Pentode Unit: 

Grid No.1 to Plate .,." ... , .. ,',., .. ,., .... ,.,., .... , ..... 0.1 max pF 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield , .... , .. , .. ,."',',.,., ..... , ......... , ... . 11 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

InterDltl Shield " .... , ..... , ................. , .. , ........ . 4.4 pF 
Grid No.1 to Triode Plate ,., .. ,' "."., .... ,., ...... . 0.005 max pF 
'Plate to Triode Grid ., ..... , , , . , . , .. ' , , .... , .. , . , ........ . 0.018 max pF 
Plate to Tl'iode Plate , , , . , . , .... , .... , . , ... . 0.17 max pF 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ... ,................................. 300 330 volts 
.Grid-No.2 (Screen-Grid) Supply Voltage ......... ,. 330 volts 
Grid-No.2 Voltage ....... , ................ , ..... ,.. See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation , .............. ,.,............... 1 5 watts 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts ,.,",., 1.5 watts 
For Grid-No.2 voltages between 165 and 330 volts See curve page 300 

TYPE IOJA8/IOLZ8 

Z5~-4---+---+---+---r--~ 

::l 
~ ZO~-+--t--+--r-
~ 
~ 15~--~--~--r
:E 

~ IO~--+---4---~~~~~~~ 
..J 
"-

o 

CHARACTERISTICS 
Plate Voltage , .............. . 
Grid-No.2 Voltage .. , ........ . 
Grid-No.1 Voltage .. "., .. , .. . 
Amplification Factor .. , ...... . 
Plate Resistance ............. . 
Transconductance ........... . 

Triode Unit 
135 200 

-2 
60 

39000 
1550 

-2 
70 

19000 
3700 

TYPE IOJA8/IOLZ8 
GRID-No. Z VOLTS= 135 

50'r---+---+---~--~---r--~ 

30 
135 

o 

Pentode Unit 
135 200 

135 
-1.5 

135 
-1.5 

66000 
12600 

70000 
14000 

volts 
volts 
volts 

ohms 
/Lmhos 



TECHNICAL DATA 

Plate Current ...........•.• 
Grid-No.2 Current ........... . 
Grid-No.1 Voltage (Approx.) 

for plate current of 10 pA 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance: 

3.5 

-4.8 -7 

For fixed-bias operation ...................... . 
For cathode-bias operation ................... . 

32· 
14· 

17 
4.2 

-5 

18 
4 

-5 

405 

rnA 
rnA 

volts 

Triode Unit Pentode Unit 
0.5 0.25 megohm 

1 1 megohm 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube win not be exceeded. 

Refer to type 6JTS. 

MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

10JT8 

10JY8 

9DX 
100 average (-300 

Miniature type used in television receiver applications. 
The pentode unit is used as a video amplifier, and the 
triode unit as a sync separator. Outlines section, 6E; 
requires miniature 9-contact socket. Heater: volts 
(ac/dc), 10.5; amperes, 0.45; warm-up time (average), 
11 seconds; maximum heater-cathode volts, ±200 peak, 
peak, -200 average for triode unit). 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage ................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ................................. . 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts ......... . 
For Grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ............................... . 
Grid-No.1 Voltage ............................... . 
Cathode-Bias Resistor ........ . .................. . 
Amplification Factor .................... ' ......... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ........................ . 
Plate Current ............. . ............... , ..... . 
Grid-No.2 Current ............................... . 
Grid Voltage (Approx.) for plate current of 10 pA 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance: 

330 

0 
2 

125 

68 
46 

4400 
10400 

15 

-8 

330 
330 

See Cll rve page 300 
0 
5 

1.1 
See curve page 300 

50 200 
150 150 

0 
100 

55000 
11000 

60· 24 
18· 4.8 

-10 

volts 
volts 

volts 
watts 

watts 

volts 
volts 
volts 
ohms 

ohms 
pmhos 

rnA 
rnA 

volts 

For fixed-bias operation .. , . . . . . . . . . . . . . . 0.5 0.25 megohm 
For cathode-bias operation .. , , . . . . . . . . . . . . 1 1 megohm 

• This value can be measured by a method involving a reclirrent waveform such that the 
maximum ratingJo; of the tube will not be exceeded. 

Refer to type 6KRS. 

Refer to type 6KUS. 

Refer to chart at end of section. 

Refer to type 6LES. 

Refer to chart at end of section. 

Refer to type 6LY8. 

Refer to chart at end of section. 
For replacement use type 10J AS/10LZS. 

Refer to type 6T10. 

10KR8 

10KU8 

10L88 

10LE8 

10LW8 

10LY8 

10Ll8 

lono 
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lOZlO 

11 

llAF9 

Refer to chart at end of section. 

llARll 

llBM8 

Refer to type 6AF9. 

Refer to type 6AR11. 

HIGH-MU TRIODE
POWER PENTODE 

Miniature type used as vertical deflection oscillator or 
af amplifiel' and vertical deflection amplifier or af 
power amplifier in television receivers. Outlines section, 
6G; requires miniature 9-contact socket. This type is 
identical with type . 16A8/PCL82 except for the follow-

H 

ing items: 9EX 
Heater Voltage 
Hell tel' Current. 

llBQll 

llBTll 

Refer to type 8BQ11. 

DUAL TRIODE
SHARP-CUTOFF PENTODE 

10.7 
0.45 

Duodecar type used in television receiver applications. KTl 4 

volts 
mA 

The triode units are used for general-purpose applica- Gy II 

tions; the pentode unit is used in video-amplifier 1 2 

service. Outlines section, 8B; requires duodecar 12- Pp~~---"'-'& 
contact socket. Heater: volts (ac/dc), 10.7; amperes, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 

Plate Voltage ................... . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage, 

Positive-bias value .......... . 
Plate Dissipation ................ . 
Grid-No.2 Input ................ . 

CHARACTERISTICS 
Plate Voltage ................... . 
Grid-No.2 Voltage ............... . 
Grid-No.1 Voltage ............... . 
Cathode-Bias Resistor ........... . 
Amplification Factor ............ . 
Plate Resistance (Approx.) ..... . 
Transconductance ............... . 
Plate Current ................... . 
Grid-No.2 Current .............. . 
Grid-No.1 Voltage (Approx.) for 

plate current of 100 /LA ..... . 
Grid-No.1 Voltage (Approx.) for 

plate current of 50 /LA ...... . 

MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 
For fixed-bias operation 
For ea thoele-bias operation ... 

Triode 
Unit No. 1 

330 

o 
1.5 

200 

270 
69 

12500 
5600 

7.1 

-5.5 

Triode 
Unit No. 1 

0.5 
1 

Triode 
Unit No. Z 

330 

o 
2 

200 

470 
40 

7600 
5300 

7.2 

-8 

Triode 
Unit No. 2 

0.5 
1 

Pentode 
Unit 
165 
165 

35 
100 

o 

54 
13.5 

o 
3.5 
1.5 

150 
100 

82 

51000 
19000 

17.4 
3.2 

-G.6 

Pentode 
Unit 

0.05 
0.1 

volts 
volts 

volts 
watts 
watts 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

mA 
mA 

volts 

volts 

megohm 
megohm 



TECHNICAL DATA 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6DS5. 

Refer to type 6FY7. 

H 

SHARP-CUTOFF PENTODE 

11 CAll 

11 CF11 

11CH11 

llCY7 

11DS5 

llFY7 

407 

llHM7 

9BF 

Miniature type with frame grid used as video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniature 9-contact socket. 

Heater Arrangement ............................. . 
Heater Voltage (ac/de) ..•...•.•..••••..••••••••••• 
Heater Current ................................... . 
Heater-Cathode Voltage: 

Series 
11 
0.3 

Peak value ...........•.................•.•..•.•.........•..• 
Average value .............................................. . 

Direct Intel'electrode Capacitances: 
Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield ..........•.........•.................•• 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

nnd Internal Shield ........•.........•.................••• 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage •..........•...•.................•..........•..•.•• 
Grid-No.2 (Screen-Grid) Supply Voltage ...................•.....• 
Grid-No.2 Voltage ...................•....................•...•.. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ....•......•• 
Plate Dissipation ................................................ . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts .................•....•• 
For grid-No.2 voltages between 165 and 330 volts ......•...••• 

TYPE IIHM7 
GRID-No.2 VOLTS =135 

0 

~'o_ ~ ~ 
0 r . t:ii 
o --

~ 

o ~ -;~\"TS Ebl--1.5 

~ ~ -2 1'0 
l-<:- _~Eq·o ____ -2.5 

-=-......-::r- - - _-I 
-3 

o 100 200 300 400 500 600 
PLATE VOLTS 

92CS-13833T 

CHARACTERISTICS 
Plate Supply Voltage ..........................••........•.•.•.•• 
Grid-No.3 Voltage .............................................. . 
Grid-No.2 Voltage .............................................. . 
Cathode-Bias Resistor ....................................•...... 

Parallel 
0.5 volts 
0.6 ampere 

±200 max volts 
100 max volts 

0.15 max pF 

14 pF 

5 pF 

330 volts 
330 volts 
See curve page 300 

o volts 
7 watts 

1 watt 
See curve page 300 

200 
o 

135 
47 

volts 
volts 
volts 
ohms 
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Plate Resistance (Approx.) •.•.••.•..••.............•.......••••• 
Transconductance ••••••.•..••.••••.•••••.••.•••••.•..•.....•.••• 
Plate Current ..•••.•..••....•..•.•...•••••••••••••••.........••• 
Grid-No.2 Current ............•..•..••.•••..••.•.....•.....••.•• 
Grid-No.1 Voltage (Approx.) for plate current of 100 /LA •••••••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .......................•.••.••.•••••• 
For cathode-bias operation ..................•.•.•••••••••••• 

40000 
30000 

30 
5.2 

-4.5 

0.1 
0.25 

l1JES Refer to chart at end of section. 

llKV8 Refer to type 6KV8. 

llLQS Refer to type 6LQ8. 

l1LT8 Refer to type 6LT8. 

llMS8 HIGH-MU TRIODE-
BEAM POWER TUBE 

Miniature type used in combined vertical-deflection
osciIlator and vertical-deflection-amplifier applications 
in black-and-white television receivers. Outlines section, 
6G; requires miniature 9-contact socket. Heater: volts, 
11.6; ampere, 0.45; warm-up time (approx.), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 

H 

9LY 

ohms 
/Lmhos 

rnA 
rnA 

volts 

megohm 
megohm 

Triode Beam Power 
CHARACTERISTICS 
Plate Voltage ..................................... . 100 
Grid-No.1 (Control-Grid) Voltage ................. . 

-9·85 
5 

Grid-No. 1 (Control-Grid) Voltage ............... . 
Plate Current ..................................... . 
Grid-No. 2 Current ............................... . 
Transconductance ................................ . 5500 
Amplification Factor' ............................. . 60 

Unit 
100 

0 
10 

7000 
63 

Unit 
120 
110 

-10 
50 

3 
8500 

5.8 

volts 
volts 
volts 

rnA 
rnA 

/Lmhos 

Plate Resistance (Approx.) ........................ . 11 9 13 kilohms 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........................................ 250 
Peak Positive Pulse Plate Voltage# ................... . 
Grid-No.2 Voltage ................................... . 
Grid-No. 1 Voltage ................................... . 
Plate Dissipation ...................................... 0.5 
Grid-No. 2 Inp"t .................................... . 
Average Cathode Current ............................ ,. 15 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1 Circuit Resistance ......................... . 
Grid-No. 1 Circuit Resistance: 

For fixed-bias operation .......................... 1 
For cathode-bias operation ........................ 3.3 

250 volts 
2000 volts 

200 volts 
0 volts 
6 watts 

1.5 watts 
70 rnA 

2 megohm 

megohm 
megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• Grid-No. 2 connected to plate at socket. . 

l1Y9 

11 Y9/ LFL200 

l2A5 

12A6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

12A6Y 

12A7 

12ASGT 

BEAM POWER TU BE 12ABS 

9EU 

Miniature type used in the output stage of automobile 
radio receivers operating from a 12-volt storage bat
tery. Outlines section, 6E; requires miniature 9-contact 
socket. 

Heater-Voltage Range (ae/de)· ............................... . 
Heater Cm'rent (Approx.) at 12.6 volts ....................... . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........... . 

10 to 15.H 
0.2 

±90 max 

0.7 max 
8 

8.5 

volts 
ampere 

volts 

pF 
pF 
pF 

• For longest life, it is recommended that the heater be operated within the voltage range 
of 11 to 14 volts. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage . . . . . . . . . ................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ............................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) .................... . 
TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER 
Plate Supply Voltage ............................ . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 (Control-Grid) Voltage ................ . 
Cathode-Bias Resistor ............................ . 
Peak AF Grid-No.1 Voltage ..................... . 
Zero-Signal Plate Current ........................ . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current ................... . 
Maximum-Signal Grid-No.2 Current .............. . 
Plate Resistance (Approx.) ...................... . 
1'ranscondurtance ................................ . 
Load Resistance ................................. . 
TO,tal Harmonic Distortion ........................ . 
Maximum-Signal Power Output .................•. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

250 
200 

270 
10.5 
33.5 

36 
1.6 
3.2 

75000 
4000 
6000 

8 
3.3 

For fixed-bias operation ................. , ................. . 
For cathode-bias opel'ation ................................. . 

Push-Pull Class ABI Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 

315 
285 
12 

2 
250 

250 
250 

-12.5 

12.5 
45 
47 

4.5 
7 

50000 
4100 
5000 

8 
4.5 

0.1 
0.6 

TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER (Values are for two tubes) 
Plate Voltage . ................................................ 250 
Grid-No.2 Voltage .............................................. 250 
Grid-No.1 Voltage ... .. .. ..... ....................... .. ........ -15 
Peak AF Grid-No.1-to-Grid-No.1 Voltage ........................ 30 
Zero-Signal Plate Current •..........•...•....•............•..... 70 
Maximum-Signal Plate Current ................................. 79 
Zero-Signal Grid-No.2 Current .................................. 5 
Maximum-Signal Grid-No.2 Current ............................. 13 
Effective Load Resistance (Plate-to-Plate) .......................• 10000 
Total Harmonic Distortion ............................. 5 
Maximum-Signal Power Output ............................... 10 
MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance: 

For fixed-bias operation ..... 
For cathode-bias operation .. . 

0.1 
0.6 

volts 
volts 

watts 
watts 

·C 

volts 
volts 
volts 
ohms 
volts 
rnA 
mA 
rnA 
rnA 

ohms 
"mhos 

ohms 
per cent 

watts 

megohm 
megohm 

volts 
volts 
volts 
volts 

mA 
rnA 
mA 
mA 

ohms 
per cent 

watts 

megohm 
megohm 
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12AC6 

12AC10A 

12AD6 

12AE6 
12AE6A 

12AE7 

12AE10 

N TYPE 12AB5 en 
!:!. 2S0 I-G_R_'Dr-_N_O._2,..V_0_L._T,..S_-_2_5.,..0_-+_-I :l1 
N ~ 
d ~ 

'7~ 200IiFt-=l=::::~!2. -t--t----J30 ~ 
~:5 2D::! 
11:0. +5 ~ 
1lI~ 150J...:.l~~-= .... ~t;;:::;;+j!.'5 --!---I10 _ 
II:~ E +5 -
o..J..J -- CI= 0 ~ lb 0-
"Ai 100 -No.1 VOL-TS ECI--S -IOd 
~ z 
.... 
I
<t 
..J 
.0. 

o 

ECI=+15 ~ I 

_ 12.5 --15 ~ 
-20 III 

o -30 
100 200 300 400 500 

PL.ATE VOLTS 92CS-8754T 

Refer to chart at end of section. 

Refer to type 6AC10 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

BEAM POWER TUBE
SHARP-CUTOFF PENTODE 

Duodecar type used as combined FM detector and 
audio-frequency output amplifier in television receiv
ers. The beam power unit is used in af output stages 
and the pentode unit as an FM detector. Outlines sec
tion, SC; requires duodecar 12-contact socket. Heater: 

Pp 

volts (ac/dc), 12.6; amperes, 0.45; warm-up time (av- 12EZ 
erage), 11 seconds; maximum heater-cathode volts, ±200 peak, 100 average. 

Beam Power Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
TYPICAL OPERATION 
Plate Voltage ............................................ : .... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Gl'id-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion (Approx.) ......................... . 
Maximum-Signal Power Output ................................ . 
MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance: 

For cathode-bias operation 

165 
150 

60 
6 

1.25 

145 
110 
-7 

7 
34 
39 
6.5 
9.3 

33000 
5600 
2500 

12 
1.45 

volts 
volts 

rnA 
watts 
watts 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
I'mhos 

ohms 
per cent 

watts 

megohm 
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Pentode Unit as Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ..... . ....................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............................ . 
Grid-No.2 Voltage ............................................. . 
Cathode-Bias Resistor ... . ............................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance. Grid No.1 ................................... . 
Transconductance. Grid No.3 ................................... . 
Plate Current ... . . . . . . . . . . . . . . . . ............... . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 10 p.A 
Grid-No.3 Voltage (Approx.) for plate current of 10 p.A .. ' 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................................ . 
Grid-No.3 Voltage ....... . . . . . . . . . . . . . . . . . . . .. . .......... . 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.2 Voltage ............................. . 
Grid-No.1 Voltage, Positive-bias value ......................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ... . ........................................... . 

Refer to type 6AF3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AL5. 

Refer to chart at end of section. 

Refer to type 6ALl!. 

Refer to type 6AQ5A. 

Refer to t.ype 6AT6. 

For replacement use type 12AT7/ECCSl. 

HIGH-MU TWIN TRIODE 

150 
o 

100 
560 
0.15 

1000 
400 
1.3 

2 
-4.5 
-4.5 

411 

volts 
volts 
volts 
ohms 

megohm 
p.mhos 
p.mhoB 

mA 
mA 

volts 
volts 

330 volts 
28 volts 

330 volts 
See curve page 300 

o volts 
1.7 watts 
1.1 watts 

12AF3 
12AF3/12BR3/ 

12RK19 

12AF6 

12AH7GT 

12AJ6 

12AL5 

12ALB 

12AL 11 

12AQ5 

12AT6 

12AT7 

l2AT7/ 
ECCal 

Miniature types used as push-pull cathode-drive ampli-
9A fiers or frequency converters in the FM and television 

broadcast bands. Outlines section, 6B; require miniature 9-contact socket. 
Each triode unit is independent of the other except for the common heater. 
For typical operation as a resistance-coupled amplifier, refer to Resistance
Coupled Amplifier section. 

Heater Arrangement: 
Heater Voltage (ac/dc) ......................... .. 
Heater Current .................................. . 
Peak Heater-Cathode Voltage 

Series 
12.6 
0.15 

Parallel 
6.3 
0.3 
:!:90 max 

volts 
ampere 

volts 
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Direct Interel~ctrode Capacitances: 
Grid-Drive Opel'atioD: 

Grid to Plate (Each unit) ................................. . 
Grid to Cathude and Heater (Each unit) ................... . 

Plate to Cathode and Heater: 

H~l~ ~~:~ :::::::::::::::::::::::::::::::::::::::::::::::::: 
Cathode-Drive Operation: 

Cathode to Plate (Each unit) ............................. . 
Cathode to Grid and Hentel' (Each unit) ................... . 
Plate to Grid and Heater (Each unit) ..................... . 

Heater to Cathode (Each Unit) ......................•......... 

Class A, Amplifier (Each Unit) 
MAXIMUM AND MINIMUM RATINGS (Design·Center Values) 
Plate Voltage ................................................ . 
~rid Voltage, Negative-bias value .............................. . 

late Di~sipRtlOn .. . .......................................... . 

TYPE 12AT7 
f(\R EACH UNIT 

25~~r-~---+---r--~--+-~ 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Cathode-Bias Resistor ............................ . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ...................... . 
Transconductance ................................ . 
Grid Voltage (Approx.) for plate current of 10 /LA 
Plate Current .................................... . 

600 
92CS-7056T 

100 
270 

60 
15000 

4000 
-5 
3.7 

1.5 
2.2 

0.5 
0.4 

0.2 
4.6 
1.8 
2.4 

300 
50 

2.5 

250 
200 

60 
10900 

5500 
-12 

10 

12AT7WA 
12AT7WB 

12AU6 

Refer to chart at end of section. 
Refer to chart at end of section. 

12AU7 

12AU7A 

12AU7AI 
ECC82 

Refer to type 6AU6A. 
Refer to chart at end of section. 

For replacement use type 12AU7A/ECC82. 
For replacement use type 12AU7A/ECC82. 

TAUT,9AUT MEDIUM-MU TWIN TRIODE 
Miniature types used as phase inverters or push-pull 
amplifiers in ac/ dc radio equipment and as multivi- 9A 

pF 
pF 

pF 
pF 

pF 
pF 
pF 
pF 

volb 
volts 

watts 

volts 
ohms 

ohms 
/Lmhos 

volts 
rnA 

brators or oscillators in industrial control devices. Also used as combined 
vertical oscillators and vertical-deflection amplifiers, and as horizontal
deflection oscillators, in color and black-and-white television receivers. 
Outlines section, 6B; require miniature 9-contact socket. Each triode unit is 
independent of the other except for the COmmon heater. For typical opera-
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tion as a resistance-coupled amplifier, refer to Resistance-Coupled Amplifier 
section. Types 7AU7 and 9AU7 are identical with type 12AU7 and 12AU7A/ 
ECC82 except for heater ratings. 

Heater Voltage(ac/dc) : 
Series .............................•.• _ 
Parallel ............................... . 

Heater Current: 
Series ................................ . 
Parallel ............................... . 

Heater Warm-up Time (Parallel, Average) .. 
Heater-Cathode Voltage: 

7AU7 
7 

3.5 

0.3 
0.6 
11 

12AU7A 
12AU7A/ 

9AU7 ECC82 
9.4 12.6 
4.7 6.3 

0.225 0.15 
0.45 0.3 

11 

Peak value ........................... . ±200 max ±200 max ±200 max 
Average value ......... _ ............... . 100 max 100 max 100 max 

Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate ............................... . 1.5 1.5 
Grid to Cathode and Heater ................. . 1.6 1.6 
Plate to Cathode and Heater ................. . 0.5 0.35 

Class At Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ............................................ . 
Cathode Currt'nt ............................................... . 
Plate Dissipation: 

Each Plate .... '" 
Both Plates (Both units operating) ......................... . 

CHARACTERISTICS 
Plate Voltage .................................... . 
Grid Voltage .................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current ..................... . .. 
'Grid Voltage (Approx.) for plate cu~~';';t ~i. '10 /LA 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

100 
o 

19.5 
6250 
3100 
11.8 

330 
22 

2.75 
5.5 

250 
-8.5 

17 
7700 
2200 
10.5 
-24 

volts 
volts 

ampere 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
mA 

watts 
watts 

volts 
volts 

ohms 
ILmhos 

rnA 
volts 

For fixed-bias operation ..................................... . 
For cathode-bias operation ................................. . 

0.25 
1 

megohm 
megohm 

Oscillator (Each Unit Unless Otherwise Specified) 
."or operation in a 525-line, 

MAXIMUM RATINGS (Design-Maximum Values) 

30-frame system 
Vertical

Dellection 
Oscillator 

DC Plate Voltage ............................... . 
Peak Negative-Pulse Grid Voltage ............... . 
Peak Cathode Current ........................... . 
Average Cathode Current .........•............... 
Plate Dissipation: 

Each Plate .................................. . 
Both Plates (Both units operating) ........... . 

MAXIMUM CIRCUIT VALUES 
Grid·Circuit Resistance 

330 
440 

66 
22 

2.75 
5.5 

2.2 

Horizontal
Deftection 
Oscillator 

330 
660 
330 

22 

2.75 
5.5 

2.2 

volts 
volts 

mA 
mA 

watts 
watts 

megohm::> 

Vertical-Deflection Amplifier (Each Unit Unless Otherwise Specified) 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maxornum Values) 
DC Plate Voltage ... ....... . ..................•.•.••••••••. 
Peak Positive-Pulse Plate Voltage# ..... . .................. . 
Peak Negative-Pulse Grid Voltage ............................. . 
Peak Cathode Current ......................................... . 
Average Cathode Current .... . ................ " ....... . 
Plate Dissipation: 

Each Plate... .. ...... .. .. .. . ..... .. . .............. . 
Both Plates (Both units operating) ....................... . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation 

330 volt. 
1200 volts 
275 volts 

66 mA 
22 mA 

275 volts 
5.5 watts 

2.2 megohms 

#: Pulse duration must not cX('eed 15('/', of a vertical scanning cycle (2.5 milliseconds). 
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12AV5GA 

12AV6 

12AV7 

12AW6 

12AX3 

12AX4GT 
12AX4GTA 

12AX4GTB 

12AX7 

12AX7A 

12AX7AI 
ECC83 

TYPE 12AU7A 
EACH UNIT 

Refer to type 6A V5GA. 

Refer to type 6A V6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AX3. 

Refer to chart at end of section. 

Refer to type 6AX4GTB. 

Refer to chart at end of section. 
For replacement use type 12AX7A/ECC83. 

For replacement use type 12AX7 A/ECC83. 

HIGH-MU TWIN TRIODE 

Miniature types used as phase inverters or twin re-
sistance-coupled amplifiers in radio equipment. Outlines 9A 
section, 6B; require miniature 9-contact socket. Each triode unit is inde
pendent of the other except for common heater. For characteristics and 
curves, refer to type 6A V6. For typical operation as a resistance-coupled 
amplifier, refer to Resistance-Coupled Amplifier section. 

Heater Arrangement: 
Heater Voltage (ae/dc) ......................... . 
Heater Current .................................. . 
Heater-Cathode-Voltage: 

Series 
12.6 
0.15 

Peak value ............................................... . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ................................ 1.7 
Grid to Cathode and Heater .................. 1.6 
Plate to Cathode and Heater .................. 0.46 

Parallel 
6.3 
0.3 

±200max 
100 max 

Unit No.2 
1.7 
1.6 

0.34 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 



TECHNICAL DATA 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ..................................................• 330 
Grid Voltage: 

Negative-bias value ......................................... 55 
Positive-bias value .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Plate Dissipation .............................................. 1.2 

EQUIVALENT-NOISE AND HUM VOLTAGE (References To Grid, Each Unit)· 

415 

volts 

volts 
volts 

watts 

Average Value ................................................. 1.8 /LV rms 

• Measured in "true rms" units under the following conditions: Heater voltage (parallel 
connection), 6.3 volts ae; center tap of heater transformer grounded; plate supply voltage. 
200 volts de; plate load resistor. 100000 ohms; cathode resistor, 2700 ohms bypassed by 
lOO-.uF capacitor; grid resistor, 0 ohms; and amplifier covering frequency range between 
25 and 10000 Hz. 

Refer to chart at end of section. 12AY3 

Refer to type 6A Y3B. 12AY3A 

MEDIUM-MU TWIN TRIODE 12AY7 

9A 

Miniature type used in the first stages of high-gain 
audio-frequency amplifiers. Outlines section, 6B; re
quires miniature 9-contact socket. Each triode unit is 
independent of the other except for the common heater. 
Use of the 12.6-volt connection with an ac heater sup
ply is not recommended for applications involving low 
hum. For typical operation as a resistance-coupled am
plifier, refer to Resistance-Coupled Amplifier section. 

Heater Arrangement: Series 
Heater Voltage (ac/dc) ........................... 12.6 
Heater Current ................................... 0.15 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances (Approx., Each Unit) 

Grid to Plate ............................................. . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and Heater ............................... . 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage .................................................. . 
Grid Voltage: 

i!~:i~~!~~b~!:s v:l~l~e .. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Cathode Current ............................................... . 
Plate Dissipation .............................................. . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage .................................................. . 
Amplification Factor ........................................... . 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Plate Current ................................................. . 
Grid Voltage (Approx.) for plate current of 10 mA ............... . 

Refer to chart at end of section. 

HIGH-MU TWIN TRIODE 

Parallel 
6.3 volts 
0.3 ampere 

±90 max volts 

1.3 pF 
1.3 pF 
0.6 pF 

300 volts 

50 volts 
0 volts 

10 mA 
1.5 watts 

250 volts 
-4 volts 

40 
22800 ohms 

1750 /Lmhos 
3 mA 

-11 volts 

12AZ7 

12AZ7A 

9A 

Miniature type used in direct-coupled cathode-drive rf 
amplifier circuits of vhf color and black-and-white tele
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. For characteristics as class At am
plifier, refer to miniature type 12AT7. 
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Heater Voltage (ac/dc): 
Series ..................................................... . 
Parallel ................................................... . 

Heater Cm'rent: 
Series ..................................................... . 
Parallel ................................................... . 

Heater Warm-up Time (Average) .......... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ......................................... . 

Direct Interelectrode Capacitance (Approx.): Unshielded 
Grid to Plate (Each unit) ...................... 2 
Grid to Cathode and Heater (Each unit) 2.6 
Plate to Cathode and Heater: . 

Unit No.1 ................................ 0.44 
Unit No.2 ................................ 0.36 

" With external shield connected to cathode of unit undel' test. 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ... ............................................ . 
Grid Voltage, Negative-bias value ............................... . 
Plate Dissipation ............................................. . 
MAXIMUM CIRCUIT VALUES (Each Unit) 
Grid-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................ . 

12B4A LOW-MU TRIODE 

Miniature type used as vertical-deflection amplifier in 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. 

Heater Voltage .................................. . 
Heater Curl'ent. ... . ............................. . 
Heater Warm-up Time ........................... . 
Heater-Cathode Voltage: 

Serjes 
12.6 

0.3 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interp.lectrode Capacitances: 
Grid to Plate . ... . ....................................... . 
Grid to Cathode and Heater ............................... . 
Plate to Cathode and Heater .............................. . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ............................................... _'. 
Grid Voltage, Negative-bias value .............................• 
Plate Dissipation .. . .......................................... . 
CHARACTERISTICS 
Plate Voltage .................................................. . 
G"id Voltage .. .............................................. . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Plate CUl'1'ent ........................................... . 
Plate Current for grid voltage of -23 volts ................... . 
Grid Voltage (Appl'ox.) for plate current of 200 p.A ............. . 
MAXIMUM CIRCUIT VALUES 
~l·jd-Circuit Resistance: 

For fixed-bias operation .................................•.. 
Fo)' cathod .... bias operation ................................. . 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ............................................. . 
Peak Positive-Pliise Plate Voltage# (Absolute Maximum) ....... . 

12.6 
6.3 

0.225 
0.45 

11 

±200 max 
100 max 

Shielded" 
1.9 
2.8 

1.4 
1.6 

330 
55 

2.5 

0.25 
1 

Parallel 
6.3 
0.6 
11 

gAG 

±200max 
100 max 

4.8 
5 

1.5 

550 
50 

5.5 

150 
-17.5 

6.5 
1030 
6300 

34 
9.6 

-32 

0.47 
2.2 

550 
1000t 

volts 
volts 

ampere 
ampere 
seconds 

volts 
volts 

pF 
pF 

pF 
pF 

volts 
volts 

watts 

megohm 
megohm 

volt. 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 

volts 
volts 

ohms 
p.mhos 

rnA 
mA 

volts 

megohm 
megohms 

volt. 
volts 



TECHNICAL DATA 

Peak Negative-Pulse Grid Voltage .............................. . 
Peak Cathode Current ......................................... . 
Average Cathode Current ...................................... . 
Plate Dissipation .............................................. . 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation ............. . 

250 
105 

30 
0.0 

2.2 

417 

volts 
rnA 
rnA 

watts 

megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
t Under no circumstances should this absolute value be exceeded. 

Refer to chart at end of section. 

Refer to type 6BA6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BE3. 

Refer to type 6BE6. 

Refer to· chart at end of section. 

Refer to type 6BFll. 

Refer to chart at end of section. 

12B8GT 
12BA6 
12BA7 
12B06 
12BE3 
12BE6 
12BF6 

12BF11 
12BH7 

MEDIUM-MU TWIN TRIODE 12BH7A 

9A 

Miniature type used as combined vertical-deflection 
amplifier and vertical oscillator, and as horizontal-de
flection oscillator, in television receivers, and in 
phase-inverter and multivibrator circuits. Outlines sec
tion, 6E; requires miniature 9-contact socket. Each 
triode unit is independent of the other except for the 
common heater. 

Heater Arrangement: 
Heater Voltage (ae/de) ..................... . 
Heater Current ................................... . 
Heater Warm-up Time (Average) .. . .......... . 
Heater-Cathode Voltage: 

Series 
12.6 

0.3 

Parallel 
6.3 
0.6 
11 

Peak value ................... ±200 max 
Average value ............... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 max 

Direct lnterelectrode Capacitances (Approx.): Unit No.1 Unit No.2 
Grid to Plate . . . . . . . . . . . . . . . . . . . . 2.6 2.6 
Grid to Cathode and Heater .............. 3.2 3.2 
Plate to Cathode and Heater 0.5 0.4 
Ph,te of Unit No.1 to Plate of Unit No.2 0.8 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voltage 
Grid Voltage: 

Negative-bias va1ue ......................................... . 
Positive-bias value 

Cathode Current 
Pia te Dissipation: 

Each Plate 
Both plates (Both unils operating) 

CHARACTERISTICS 
Plate Voltage .... 
Grid Voltage 
Amplification Factor ...... . 
Plate Resistance (Approx.) 
Transconductance 
PIa te Current ............................ . 
Plate Current for grid voltage of -14 volts 
Grid Voltage (Approx.) for plate current of 50 JLA 

300 

50 
o 

20 

250 
-10.5 

16.5 
5300 
:noo 
11.5 

4 
-23 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 
pF 

volts 

volts 
volts 

rnA 

watts 
watts 

volts 
volts 

ohms 
umbos 

rnA 
rnA 

volts 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ................ . .................. . 
For cathode-bias operation ............................... . 

Oscillator (Each Unit) 
For operation in a 525-line. 3D-frame system 

Vertical

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage ................................. . 
Peak Negative-Pulse Grid Voltage ................. . 
Peak Cathode Current ............................. . 
Average Cathode Current .......................... . 
Plate Dissipation: 

Each Plate ................................... . 
Both Plates (Both units operating) ............ . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance .......................... . 

De8edion 
Oscillator 

450 
400 
70 
20 

3.5 
7 

2.2 

0.25 
1 

Horizontal-
De8edion 
Oscillator 

450 
600 
300 

20 

3.5 
7 

2.2 

Vertical-Deflection Amplifier (Each Unit) 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage .............................................. . 
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ........ . 
Peak Negative-Pulse Grid Voltage ............................... . 
Peak Cathode Current ..........................................• 
Average Cathode Current ....................................... . 
Plate Dissipation: 

Each Plate .......................................... ··· .... . 
Both Plates (Both unit. operating) .......................... . 

TYPE 12BH7A 
EACH TRIODE UNIT 

50r--'--T<---'--~--;---+---; 

MAXIMUM CIRCUIT VALUE 

450 
1500· 

250 
70 
20 

3.5 
7 

megohm 
megohm 

volts 
volts 
rnA 
rnA 

watts 
watts 

megohms 

volts 
volts 
volts 
mA 
mA 

watts 
watts 

Grid-Circuit Resistance for cathode-bias operation ................ 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• Under no circumstances should this absolute value be exceeded. 

12BK5 

12BL6 

12BN6 

12BQ6GTB/12CU6 

12BR3 

12BR7 

12B53 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BQ6GTB/6CU6. 

For replacement use type 12AF3/12BR3/12RK19. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 12BS3A/12DW4A. 



TECHNICAL DATA 

For replacement use type 12BS3A/12DW4A. 

Refer to type 6BS3A. 
Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 12BY7A/12BV7/12DQ7. 

Refer to type SBVll. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12BY7A/12BV7/12DQ7. 
For replacement use type 12BY7A/12BV7/12DQ7. 

SHARP-CUTOFF PENTODE 
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12BS3A 
12BS3A/12DW4A 

12BT3 

12BV7 

12BVll 
12BW4 

12BY7 

12BY7A 

12BY7A/ 
12BV7/ 
12DQ7 

9BF 

Miniature types used as video amplifier in television 
receivers. Outlines section, 6E; require miniature 9-
contact socket. 

Heater Arrangement: 
Heater Voltage (ac/dc) ........................... . 

Series 
12.6 

0.3 Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value .............................................. . 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate .......................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, 

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

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................... . 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................................ . 

Negative-bias value ......................................... . 
Positive-bias value ......................................... . 

Plate Dissipation ............................................... . 
Grid-No.2 Input .................... . .......................... . 

tyPE 12BY7A 
GRID No.:5 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT -SOCKET. 
GRID-No.2 VOLTS-ISO 

I-- JRID'NL VOJTS Ecl.+2.J 
~+.o 

}. :;:;.:.+o.S ECI-D 
k -0. -1.0-
r ~-2.0 

~-:5.o~ 
;o..-ECI--4 .o 
~-l5.0_6.0 

40 

o 100 200 300 400 SOO 600 700 
PLATE VOLTS 92CS-9234n 

ParaIJel 
6.3 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

0.063 pF 

10.2 pF 
3.6 pF 

330 volts 
0 volts 

190 volts 

65 volts 
0 volts 

6.6 watts 
1.2 watts 
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CHARACTERISTiCS 
Plate Supply Voltage ............................................ 260 volts 
Grid No.3 ................................................. Connected to cathode at socket 
Grid-No.2 Supply Voltage............................. ........... 180 volts 
Cathode-Bias Resistor ........................................... 100 ohms 
Plate Resistance (Approx.) ...................................... 93000 ohms 
Transconductance ................................................ 11000 pmhos 
Plate Current ................................................... 26 rnA 
Grid-No.2 Current ............................................... 6.75 rnA 
Grid-No.1 Voltage (Approx.) for plate current of 20 /LA .......... -11.6 volta 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 0.26 
1 For cathode-bias operation ................................. . 

128Z6 

128Z7 
12C5 
12C8 

12CA5 
12CK3 
12CL3 
12CN5 
12CR6 
12CS6 

12CT3 
17CTJ, 25CTJ 

Refer to type 6BZ6. 

Refer to chart at end of section. 

Refer to type 6CU5. 
Refer to chart at end of section. 

Refer to type 6CA5. 
Refer to chart at end of section. 

Refer to type 6CL3. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6CS6. 

HALF-WAVE 
VACUUM RECTIFIER 

megohm 
megohm 

Miniature type used as damper tube in horizontal
deflection circuits of black-and-white and small-screen 
color television receivers. Outlines section, 6H; requires 
miniature 9-contact socket. Socket terminals 1, 3, 7, 
and 8 should not be used as tie points for external
circuit components. This tube, like other power-handling 
tubes, should be adequately ventilated. Types 17CT3 and 
tical with type 12CT3 except for heater ratings. 

9RX 

Heater Voltage (ac/dc) ................... . 
Heater Current ........................... . 
Heater Warm-ap Time (Average) 
Direct Interelectrode Capacitances (Approx.): 

12CT3 
6.3 
0.6 
11 

17CT3 
16.8 
0.46 

11 

Plate to Cathode and Heater ................................ . 
Cathode to Plate and Heater ................................ . 
Heater to Cathode ......................................... . 

Damper Service 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage;!! ................................... . 
Peak Plate Current ............................................. . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Heater-Cathode Voltage: 

Peak value ....................................... +300 
Average value ................................... +100 

Bulb Temperature (At hottest point) ............................ . 

CHARACTERISTICS, Instantaneous· Value 
Tube Voltage Drop for plate current of 350 rnA ................. . 

25CT3 are iden-

25CT3 
26.3 volts 

0.3 amperes 
11 seconds 

12 pF 
9.5 pF 
2.8 pF 

6000 volts 
1200 rnA 
250 rnA 
4.76 watts 

-6000 volta 
-900 volta 

220 ·C 

16 volts 

It Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 



TECHNICAL DATA 

Refer to chart at end of section. 
Refer to type 6CU5. 

For replacement use type 12BQ6GTB/12CU6. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6DK6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12GW6/12DQ6B. 

Refer to chart at end of section. 
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12CT8 
12CU5/12C5 

12CU6 
12CX6 
12D4 

12D85 
12DE8 
12DK6 
12DK7 
12DL8 
12DM4 

12DM4A 
12DQ6A 

12DQ68 

For replacement use type 12BY7A/12BV7/12DQ7. 12DQ7 

12D57 
12D57A 
12DT5 
12DT8 
12DU7 
12DV8 

Refer to chart at end of section. 

Refer to type 6DT5. 
Refer to type 6DT8. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12BS3A/12DW4A. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12EK6/12DZ6/12EA6. 
Refer to chart at end of section. 

For replacement use type 12EK6/12DZ6/12EA6. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

12DW4A 

12DW7 
12DY8 

12DZ6 

12EA6 

12EC8 
12ED5 
12EG6 
12EH5 

12EK6j12DZ6j12EA6 
12EL6 

12EM6 
12EN6 
12EQ7 

12F5GT 
12F8 
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12FK6 
12FM6 
12FQ7 
12FQ8 
12FR8 
12FV7 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6FQ7/6CG7. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

12FXS POWER PENTODE 
19FX5, 60FX5 

Miniature type used in output stages of audio ampli
fiers. Outlines section, 5D; requires miniature 7-con
tact socket. Types 19FX5 and 60FX5 are identical with 
type 12FX5 except for heater ratings. 

~
H GI 

4 II 

H 3 I> G2 

2 7 
GI P 

I 

Heater Voltage (ac/dc) ............. . 
Heater Current ..................... . 
Heater Warm-up Time (Average) ... . 
Heater-Cathode Voltage: 

12FX5 
12.6 
0.46 

11 

Peak value ...................... ±200 max 
Average value ................... 100 max 

Direct Interelectrode Capacitances (Approx.): 

19FX5 
18.9 
0.3 
11 

±200 max 
100 max 

Grid No.1 to Plate ......................................•. 
Grid No 1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........•• 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Plate Dissipation .............................................. . 
Grid-No.2 Input .................... , .......................... . 
Bulb Temperat.ure (At hottest point) ........................... . 
TYPICAL OPERATION 
Plate Supply Voltage ......................................... . 
Grid-No.2 Supply Voltage ...................................... . 
Cathode-Bias Resistor .......................................... . 
Peak AF Grid-No.1 Voltage .................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................................ . 
Zero-Signal Grid No.2 Current ................................ . 
Maximum-Signal Grid No.2 Current ............................ . 
Plate Resistance ............................................... . 
Transconductance .............................................. . 
Load Resistance ..... . ........................................ . 

~~ioE.~~~X~oLTS .'115 I 
J. ! '~-E ~O 

:7 
GRIO-No.l VO\.T CJ:-

(ft-

~I \~ , . 
\0 

~ r- -2 --- ':3-
f;:c >"fb-- ~c.:. -4 - =5'-

If:: ::.4 --- --- ---- -
20 

GS 
7CV 

60FX5 
60 

0.1 

±200 max 
100 max 

0.65 
17 

9 

160 
130 
6.6 

2 
225 

110 
116 

62 
3 

36 
36 
10 
12 

17500 
13600 
3000 

o 25 50 75 100 125 150 175 
PLATE VOLTS 92CS-IOS4GT 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

·C 

volts 
volts 
ohms 
volts 
rnA 
mA 
mA 
mA 

ohms 
"mhos 

ohms 



TECHNICAL DATA 

Total Harmonic Distortion 
Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 12BQ6GTB/12CU6. 

For replacement use type 12GW6/12DQ6B. 

Refer to chart at end of section. 

Refer to type 6GE5. 

Refer to chart at end of section. 

Refer to type 6GJ5A. 

Refer to chart at end of section. 

Refer to chart at end of section. 
1<'01' replacement use type 12HG7/12GN7 A. 

Refer to chart at end of section. 

Refer to type 6GW6/6DQ6B. 

Refer to chart at end of section. 

Refer to type 3SHE7. 

For replacement use type 12HG7 /12GN7 A. 

H 

SHARP-CUTOFF PENTODE 
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8 
1.3 

ver cent 
watts 

0.1 
0.5 

megohm 
megohm 

12FX8 
12FX8A 

12GA6 

12G83 

12G,86 
12G87 

12GC6 

12GES 

12GJS 

12GJSA 

12GN7 

12GN7A 

12GTS 
12GTSA 

12GW6/12DQ68 

12H6 

12HE7 

12HG7 

12HG7/ 
12GN7A 

Miniature types with frame grid used as video ampli
fier in color and black-and-white television receivers. 
Outlines section, 6E; require 9-contact miniature 
socket. 

Heater Arrangement: 
Heater Voltage (ae/de) ...................... . 
Heater Current ................................... . 

Series 
12.6 
0.26 

Parallel 
6.3 

0.52 
volts 

ampere 
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Heater-Cathode Voltage: 
Peak value ....... . ........... . 
Average value.. . ............... . 

Direct Intel"electrode Capaeitanees: 
Grid No.1 to Plate . . . . . . . . . . .. . ..... 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.S, and 

Internal ShieH 
Plate to Cath"de,· ·H~;'i~~: . G;·l,j· N~::i: Grid· N~:S·,· . .,:';,j ...... . 

Internal Shielc!. .......................................... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................... . 
Grid-No.2 (Screen-Grid) Supply Voltage ........... . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ... . ..................................... . 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts 
For Grid-No.2 voltages between 165 and 3S0 volts 

CHARACTERISTICS 

±200 max volts 
100 maie volts 

0.15 max pF 

14 max pF 

4.4 max pF 

400 volts 
SSO volts 
See curve page SOO 

o volts 
10 watts 

I watt 
See curve page SOO 

Plate Supply Voltage .. .............. SOO volts 
Grid No.3 (Suppressor Grid) 
Grid-No.2 Supply Voltage 
Grid No.1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Connected to cathode at socket 

. C~';;'~~t~d . t~ . j,~g;':ti';'~ end !l5 cathode resi~~~ 
Cathode Resistor ........ . 
Plate Resistance (Approx.) 
Transconductance _ ............................... . 
Plate Current .................................................. . 
Grid-No.2 Current 
Grid-No.1 Voltage (Approx.) for i;l;'t~· ~"'~~nt· ~f' ilio pi..':::::::: 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation .................................. . 

12HL7 

TYPE 12HG7 GRID-No.2 VOLTS -135 
GRID No.3 CONNECTED TO 

CATHODE AT SOCKET. ° 
,,0\."'{5 E \<; 

~,~o.l 
Gf'.\'v 

e2CS-12746T1 

SHARP-CUTOFF PENTODE 
Miniature type with frame grid used as a video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniature 9-contact socket. 

Heater Arrangement ............................... . 
Heater Voltage ................................... . 
Heater Current ................................... . 

Series 
12.6 

O.S 

47 ohms 
60000 ohms 
32000 pmhos 

31 mA 
4.8 mA 

-4.5 volts 

0.1 
0.25 

9BF 

Parallel 
6.3 
0.6 

megohm 
megohm 

volts 
ampere 



TECHNICAL DATA 

Heater-Cathode Voltage: 
Peak value ±200 max 
Average value ................. ................ 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ...................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ...... . .. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield .............. . 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ......... . . . . . . .. . . ....... . .. 
Grid-No.3 (Suppressor-Grid) Voltage, Positive-bias value 
Grid-No.2 (Screen-Grid) Supply Voltage ... 
Grid-No.2 Voltage 
Grid-No.1 (Control-Grid) V~I1:~g~" . P~~iti~~~bi~" 'v~lu"~ . 
Plate Dissipation 
Grid-No.2 Input 

CHARACTERISTICS 
Plate Supply Voltage . . . . . .......... . 
Grid-No.3 Voltage, Referred to negative end of 

cathode .......... . 
Grid-No.2 Voltage 
Grid-No.1 Voltage ........ . 
Cathode Resistor (Bypassed) 
Plate Current ...... . 
Grid-No.2 Current ......... ... . . 
Transconductance, Grid No.1 to Plate .......... . 
Plate Resistance (Approx.) ............ . 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JB6A. 

Refer to chart at end of section. 

Refer to type 6JN6. 

Refer to chart at end of section. 

Refer to type 6JQG. 

Refer to chart at end of section. 

Refer to type 6JT6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of 5ection. 

Refer to chart at end of 5ection. 

Refer to type 6MD8. 

Refer to chart at end of section. 

Refer to chart at end of section. 

50 

125 
0 

76 
32 

425 

±200 max volts 
100 max volts 

0.15 pF 

15 pF 

6 pF 

400 volts 
o volts 

3ao volts 
See curve page 300 
o volt 

10 watts 
1 watt 

250 volts 

0 volts 
150 volts 

0 volts 
122 ohms 

25 rnA 
6 rnA 

21000 /Lmhos 
55000 ohms 

-7.2 volts 

0.1 megohm 
0.25 megohm 

12JSGT 

12J7GT 

12J8 

12JB6 

12JB6A 

12JFS 
12JN6 

12JN8 

12JQ6 

12JT6 

12JT6A 

12KS 

12K7GT 

12K8 

12KL8 

12L6GT 

12MD8 

12Q7GT 

12RS 
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12RK19 

12S8GT 

12SA7 
12SA7GT 

12SC7 
12SFS 

12SFSGT 
12SF7 
12SG7 
12SH7 

12SJ7 
12SJ7GT 

12SK7 
12SK7GT 

12SL7GT 

12SN7GT 
12SN7GTA 

12SQ7 
12SQ7GT 

12SR7 
12SR7GT 

12SW7 

12SY7 
12TIO 

12U7 
12V6GT 

12W6GT 

12X4 

12Z3 
13CW4 
13DE7 

13DR7 

13EM7 

13EM7/15EA7 
13FD7 

13FM7 
13FM7/1SFM7 

13GBS 

13GBS/ XLSOO 

13GF7A 

RCA RECEIVING TUBE MANUAL 

Refer to chart at end of section. 
For replacement use type 12AF3/12BR3/12RK19. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6SL7GT. 

Refer to chart at end of section. 

Refer to type 6SN7GTB. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6TI0. 

Refer to chart at end of section. 

Refer to type 6V6. 

Refer to type 6W6GT. 

Refer to type 6X4. 

Refer to chart at end of section. 
Refer to type 6CW 4. 
Refer to type 6DE7. 

Refer to type 6DR7. 
Refer to chart at end of section. 

For replacement use type 13EM7 /15EA 7. 

Refer to type 6EM7/6EA7. 

Refer to type 6FD7. 

Refer to type 6FM7. 

Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to type 6GF7A. 



TECHNICAL DATA 

Refer to chart at end of section. 
For replacement use type 13Z10/13JI0. 

Pp 

Refer to type 6JZ8. 

BEAM POWER TUBE
SHARP-CUTOFF PENTODE 

427 

13Jl0 

13Jl8 

13V10 
Duodecar type used as combined FM detector and 
audio-frequency output amplifier in television re
ceivers. The beam power unit is used in af output 

10 G2s stages and the pentode unit as an FM detector. Out
~_..-rc", II Ps lines section, 8C; requires duodecar 12-contact socket. 

Heater: volts (ac/dc), 13.2; amperes, 0.45; average 
warm-up time, 11 seconds; maximum heater-cathode 

12EZ volts, ±200 peak, 100 average. 

Beam Power Unit as Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................•....•............• 
Grid-No.2 (Screen-Grid) Voltage ...................•...........• 
Cathode Current •............................................... 
Plate Dissipation ....••..•.....................................• 
Grid-No.2 Input .....••.•....................................... 
TYPICAL OPERATION 
Plate Voltage ................................................. .. 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage .................•.............. 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current •....................................... 
Maximum-Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current ............................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .............................................. . 
Load Resistance ................................................ . 
Total Harmonic Distortion (Approx.) ........................... . 
Maximum-Signal Power Output ..............................•.• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................. . 

Pentode Unit as Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ........................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............................• 
Grid-No.2 (Screen-Grid) Supply Voltage ......................... . 
Cathode-Bias Resistor .....•.............................•....... 
Plate Resistance (Approx.) ..................................... . 
Transconductance. Grid No.1 to Plate ........................... . 
Transconductance. Grid No.3 to Plate ........................... . 
Plate Current .................................................. . 
Grid-No.2 Current .............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 10 /l-A .........• 
Grid-No.a Voltage (Approx.) for plate current of 10 /l-A .........• 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.3 Voltage ..............................................• 
Grid-No.2 Supply Voltage ...................................... .. 
Grid-No2 Voltage ............................................. .. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ . 
Plate Dissipation ............................................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......................• 
For grid-No.2 voltages between 165 and 330 volts ............. . 

Refer to chart at end of section. 

Refer to type 6Z10/6JI0. 

165 volts 
150 volts 

65 rnA 
6.5 watts 
1.8 watts 

145 volts 
125 volts 
-6 volts 

6 volts 
34 rnA 
36 rnA 

2.2 rnA 
5.5 rnA 

0.058 megohm 
6400 /l-mhos 
3000 ohms 

7 per cent 
1.5 watts 

0.25 megohm 
0.5 megohm 

150 volts 
0 volts 

100 volts 
560 ohms 

0.15 megohm 
1000 /l-mhos 

400 /l-mhos 
1.3 rnA 

2 rnA 
-4.5 volts 
-4.5 volts 

330 volts 
28 volts 

330 volts 
See curve page 300 

o volts 
1.7 watts 

1.1 watts 
See curve page 300 

13110 

13l10/13Jl0 
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14A4 

14A5 

14A7 

14AF7 

1486 

1488 

14BLll 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

DUAL TRIODE
SHARp·CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
The pentode unit is used for video amplifier service, ••• 
and the triode units for general-purpose use. Outlines GT2:5 .- ••• ••• 10 G2p 

section, BB; requires duodecar 12-contact socket. Pp 2 II Glp 

Heater: volts (ac/dc), 14.2; amperes, 0.45; average 
warm-up time 11 seconds; maximum heater-cathode 
volts, ±200 peak, 100 average. 12GC 

Class Al Amplifier 
Triode Triode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.1 Unit No.2 Unit 
Plate Voltage •.....................•....••..... 
Grid.No.2 (Screen-Grid) Voltage ....•.••••...... 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value •.•••••••...•..•....•••.......••........ 
Plate Dissipation ..•........••••.•.........••... 
Grid-No.2 Input ..........•....•...••.....•.•.•• 
CHARACTERISTICS 
Plate Voltage •.....•........................... 
Grid-No.2 Voltage ..............••....•••......• 
Grid-No.1 Voltage .•....•.•...•...........•...•. 
Cathode-Bias Resistor .••.•...........•.......•• 
Amplification Factor •................•......... 
Plate Resistance (Approx.) ....................• 
Transconductance ••..••••......•....•........•• 
Plate Current .•.......•••....•.....•...•....•.• 
Grid-No.2 Current .........................•..•• 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA •••••••••••••••••••••••••••••••••••• 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..........•.•......• 
For cathode-bias operation ................. . 

330 

0 
1.5 

200 

470 
40 

7600 
5300 

7.2 

-8 

0.5 
1 

DUAL TRIODE-

330 250 
125 

0 0 
2 2.5 

1.25 

200 35 200 
100 100 

0 
270 82 

69 
12500 70000 

5500 19000 
7.1 40 16 

13 3 

-5.5 -5.5 

0.5 0.1 
1 0.25 

14BR11 SHARP·CUTOFF PENTODE PT2 

D d d · 1" . l' t' Kn.IS 6 

volts 
volts 

volts 
watts 
watts 

volts 
volts 
volts 
ohms 

ohms 
/Lmhos 

rnA 
mA 

volts 

megohm 
megohm 

UO ecar type use m. te eVIsIon receIver app lca Ions. K 6:5 5 

The high-mu triode unit No. 1 is used for general- Pis ~ r++-+",,",'.t:'I 
purpose use, the medium-mu triode unit No. 2 for 
sync separator service, and the pentode unit for video GZp\.::5!..\\Lr;.oli7i" r;.olrJ, 

amplifier service. Outlines section, Be; requires duo- Glp 2 "",,_..r.:>. ~ 
decar 12-contact socket. Heater: volts (ac/dc), 14.2; 
amperes, 0.45; warm-up time, 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 12GL 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode 

429 

Triode Pentode 
Unit No.1 Unit No.2 Unit 

Plate Voltage ___ ...................••••..••••.. 
Grid-No.2 (Screen-Grid) Supply Voltage ........ . 
Grid-No.2 Voltage •.........•...........••••• _ •. 
Grid-No.1 (Control-Grid) Voltage, Positive-bias 

value ....................................... . 
Plate Dissipation ..........•...........••.. _ .•. 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ..•... 
For grid-No.2 voltages between 165 and 330 

volts •...•....••..•.....••...••..•••....• 

CHARACTERISTICS 
Plate Voltage ................................•• 
Grid-No.2 Voltage ..........•............•••••.. 
Grid-No.1 Voltage ..........•................... 

330 

0 
1.5 

200 

-2 

68 
Cathode-Bias Resistor .........................• 
Amplification Factor ......................••.•• 
Plate-Resistance (Approx.) ..............•...... 12400 
Transconductance ............................. . 
Plate Current ................................. . 
Grid-No.2 Current ............................•• 
Grid-No.1 Voltage (Approx.) for plate current 

of 100 /LA ............•....................• 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..........•••...•••• 
For cathode-bias operation .........•....... 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AFll. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CW5/EL86. 

Refer to chal·t at end of section. 

5500 
7 

-5.5 

0.5 
1 

330 330 volts 
330 volts 

See curve page 300 

0 0 volts 
2 4 watts 

1.1 watts 

See curve page 300 

200 35 135 volts 
135 135 volts 

0 volts 
220 100 ohms 

41 
9400 45000 ohms 
4400 10400 I'mhos 

9.2 34 17 rnA 
13 4 rnA 

-6.5 -6 volts 

0.5 1 megohm 
1 1 megohm 

14C5 

14C7 

14E6 

14E7 

14F7 

14FS 

14GTS 

14H7 

14J7 

14JGS 

14N7 

14Q7 

14R7 

15 

15AFll 

15B011 

15BOllA 

15CW5 

15CW5/PLS4 

150QS 
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15DQa/ 
PCLa4 

HIGH-MU TRIODE
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele
vision receiver applications. The triode unit is used as 
a sync-separator, sync-amplifier, keyed-age, or noise
suppressor tube. The pentode unit is used as a video
output tube. Outlines section, 6E; requires miniature 
9-contact socket. 
Hea ter Voltage (ac/dc) ......................................... . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ................................... . 

Class At Amplifier 

H 

9HX 
15 
0.3 

±200max 

MAXIMUM RATINGS (Design·Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage ............................ . 550 550 
Peak Plate Voltage, with maximum plate current of 

0.1 mAo ..................................... . 
Plate Voltage ................................... .. 
Grid·No.2 (Screen-Grid) Supply Voltage ........... . 
Grid·No.2 Voltage ................................ . 
Cathode Current .................................. . 
Plate Dissipation ................................. . 
Grid-No.2 Input .................................. . 

600 
250 

12 
1 

250 
550 
250 

40 
4 

1.7 

CHARACTERISTICS 
Plate Voltage ...................... . 

Triode 
Unit 
200 170 

170 
-2.1 

Pentode Unit 
200 200 

220 
-3.4 

Grid-No.2 Voltage .................. . 
Grid-No.1 Voltage ..................• -1.7 
Amplification Factor ................ 65 

200 
-2.9 

Mu-Factor, Grid-No.2 to Grid·No.l .... 36 36 
Plate Resistance (Approx.) .......... 0.1 0.13 
Transconductance . . • . . . . . . . . . . . . . . . . 4000 11000 10400 
Plate Current ......................• 3 18 18 
Grid-No.2 Current .................... 3 3 

TYPICAL OPERATION OF PENTODE UNIT AS VIDEO OUTPUT TUBE 
Plate Supply Voltage.......................... 170 200 
Sel'ies Plate Resistor ........................... 3000 3000 
Grid-No.2 Voltage.............................. 170 200 
Grid·No.1 Voltage .............................. -2 -2.8 
Transconductance .............................. 10400 10000 
Plate Current .................................. 18 18 
Grid-No.2 Current ............................. 3.2 3.1 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

36 
0.15 

10000 
18 

3 

220 
3000 
220 

-3.3 
9700 

18 
3.1 

Pentode U,tit 

volts 
ampere 

volts 

volts 

volts 
volts 
volts 
volts 
mA 

watts 
watts 

volts 
volts 
volts 

megohm 
pmhos 

rnA 
mA 

volts 
ohms 
volts 
volts 

pmhos 
rnA 
rnA 

For fixed-bias operation ...................... . 
Triode Unit 

1 1 megohm 
For cathode-bias operation .................... . 3 2 megohms 

o With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

15EA7 

15EW7 

15FM7 

15FY7 

15HB6 

15KY8 

15KY8A 

15LES 

For replacement use type 13EM7/ 15EA 7. 

Refer to type 6EW7. 

Refer to chart at end of section. 
For replacement use type 13FM7/15FM7. 

Refer to type 6FY7. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KY8A. 

Refer to chart at end of section. 
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Refer to type 6MF8. 15MF8 

Refer to chart at end of section. 
For replacement use type 16A8/PCL82. 16A8 

H HIGH-MU TRIODE
POWER PENTODE 

16AS/ 
PCLS2 

888 

Kp,G3p 2 

Gzp Miniature type used in television l'eceiver applications. 
7 The triode unit is used as a vertical oscillator or as an 
8 K af amplifier, and the pentode unit is used as a vertical 

T output tube or as an audio output tube. Outlines sec
tion, 6G; requires miniature 9-contact socket. Type 
8B8 is identical with type 16A8/PCL82 e~cept for 
heater ratings. 

IS ,.,...o:--~_.,..., 

9EX 
16AS/PCLS2 

Hea ter Voltage ................................... . 
8DS 

S 
0.6 

±200 

16 volt. 
Heater Current ................................... . 0.3 ampere 
Hea ter-Ca thode Voltage ........................... . ±200 volts 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage ., .. ,......................... 550 550 
Peak Plate Voltage. ............................... 600 2500 
Plate Voltage........................ ............. 250 250 
Peak Inverse Plate Voltage........................ 500 
Grid-No.2 (Screen-Grid) Supply Voltage ..........• 550 
Grid-No.2 Voltage................................. 250 
Cathode Current ......................•.........•.• 15 50 
Plate Dissipation (Frame Output) •...•...•••••••.•• 5 
Plate Dissipation (Audio Output) ...............••• 7 
Grid-No.2 Input •.....•...................•.•.•...• 1.8 
Peak Grid-No.2 Input ...........•....•.........••• 3.2 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 Voltage ..................• 
Grid-No.1 Voltage •.................• 
Amplification Factor ............... . 
Mu Factor. Grid No.2 to Grid No.1 
Plate Resistance •.................... 
Transconductance ..................• 
Plate Current ...................... . 
Grid-No.2 Current ................. .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Triode 
Unit 
100 

o 
70 

2500 
3.5 

Pentode Unit 
100 170 200 200 
100 170 200 200 
-6 -11.5 -12.5 -16 

10 9.5 9.5 9.5 
15000 16000 20500 20000 

6800 7500 6800 6400 
26 41 35 7 
5 8 6.5 35 

volts 
volts 
volts 
volts 
volt. 
volts 
rnA 

watts 
watts 
watts 
watts 

volt. 
volts 
volts 

ohms 
JLmhoH 

rnA 
rnA 

For fixed-bias operation .....••.. 1 1 megohm 
For cathode-bias operation ...... 3 2 megohms 

• With a maximum duty factOl' of 0.04 and maximum pulse duration of 0.8 milliseconds. 

DUAL TRIODE
BEAM POWER TUBE 16AK9 

Duodecar type used in vertical-deflection-amplifier, 
vertical oscillator and sync-clipper applications, in 
color television receivers. Outlines section, 15A; re
quires duodecar 12-contact socket. Heater: volts (ac/dc), 
16.4; amperes, 0.6; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 
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Class A, Amplifier 
Triode 

Unit No.1 
Triode Beam Power 

CHARACTERISTICS 
Plate Voltage ....................... . 
Gl"id-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 
Plate Cunent ...................... . 
Gl"id-No.2 Current ................. . 
Grid-No.1 Voltage (Appl"ox.) fOl" plate 

current of 100 /LA ............... . 
Amplification Factor ................ . 

150 

-2 
11000 
3900 

5.4 

-5.7 
43 

Unit No.2 
150 

-5 
8500 
2350 

5.5 

-11 
20 

Unit 
60 150 

125 150 
0 -14 

16400 
6200 

140 49 
18 3.5 

-33 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, aO-frame system 

MAXIMUM RATINGS 
(Design-Maximum Values) 

Triode Triode 
Unit No.1 Unit No.2 
Amplifier Oscillator 

Plate Voltage .............................. 330 330 
Peak Positive-Pulse Plate Voltage# ....... . 
Gl"id-No.2 Voltage ... . . . . . .. . ......... . 
Peak Negative-Pulse Gl"id-No.l Voltage ... . 
Grid Voltage, Positive-bias value ......... . 
Plate Dissipation ......................... . 
Grid-No.2 Input ........................... . 
Peak Plate Current ....................... . 
Average Plate Current ................ . 
Peak Gl'id-No.2 CUl"rent ................... . 
Average Grid-No.2 Current ............... . 

MAXIMUM CIRCUIT VALUES 
Gl"id-No.l Circuit Resistance: 

o 
1.25 

400 

70 
20 

Beam Power 
Unit 

Amplifier 
350 

2500 
250 
150 

10 
2 

245 
80 

245 
80 

volts 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 

volts 
volts 
volts 
volts 
volt 

watts 
watts 

mA 
rnA 
rnA 
mA 

For fixed-bias operation ................ 0.5 1 1 megohm 
For degenerative-bias opel"ation' ........ 2.2 2.2 megohms 

# Pulse duration must 110t exceed 15% of a horizontal scanning cycle (10 microseconds) • 
.... A cathode resistor 01' any feedback system which achieves an equivalent reduction in gain. 

16AQ3 

16AQ31 
XY88 

lOAQ3/LY88 

Refer to chart at end of section. 
For replacement use type 16AQ3/XY88. 

H 

DIODE 

Miniature type used as booster diodes in line-time-
base circuits of transformerless television receivers. 9CB 
Outlines section, 7D; requires miniature 9-contact socket. Type 20AQ3/ 
LY88 is identical with type 16AQ3/XY88 except for heater ratings. 

16AQ3/ 20AQ3/ 
XY88 LY88 

16.4 20.2 
0.6 0.45 

Heatel" Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Peak Heater-Cathode Voltage ..................... . 6600 6600 

MAXIMUM RATINGS (Design-Center Values) 
Supply Voltage at zero current ......................... . 
Supply Voltage ......................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation . . . . . . . . . ...... . 
Peak Negative-Pulse Plate Voltage' ..................... . 

550 
250 
550 
220 

5 
6000# 

• Under no conditions should an absolute maximum value of 7500 volts be exceeded. 

volts 
ampere 

volts 

volts 
volts 

rnA 
rnA 

watts 
volts 

# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 microseconds 

16BQll Refer to type 8BQll. 
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Refer to chart at end of section. 

Refer to type 6GK6. 

Refer to type 6GY5. 

Refer to chart at end of section. 

Refer to type 6LU8. 

Refer to chart at end of section. 

Refer to type 6AX3. 

Refer to chart at end of section. 

Refer to type 6AX4GTB. 

Refer to chart at end of section. 

Refer to type 6A Y3B. 

Refer to chart at end of section. 

Refer to type 6BE3. 

Refer to type 6BE3. 

Refer to type 6BF11. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BR3/6RK19. 

Refer to chart at end of section. 

Refer to type 6BS3A. 

Refer to type 22BW3. 

Refer to chart at end of section. 
For replacement use type 17BE3/17BZ3. 

Refer to chart at end of section. 
For replacement use type 17CU5/17C5. 

Refer to type 6C9. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12CT3. 

16BXll 

16GK6 

16GY5 

16KA6 

16LUBA 

17ABI0 
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17AB10/17X10 

17AX3 

17AX4GT 

17AX4GTA 

17AY3 

17AY3A 

17BB14 

17BE3 

17BE3/17BZ3 

17BFll 

17BH3 
17BH3A 

17BQ6GTB 

17BR3 

17BR3/17RK19 

17B53 

17B53A 
17B53Aj 17DW4A 

17BW3 

17BZ3 

17C5 

17C9 

17CK3 

17CL3 

17CT3 
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17CUS For replacement use type 17CU5117C5. 

Refer to type 6CU5. 

Refer to chart at end of section. 

17CU5/17C5 

17D4 

17DE4 

17DM4 

Refer to type 6DE4/6CQ4. 

Refer to chart at end of section. 

17DM4A 

17DQ6A 

Refer to type 6DM4A/6DA4. 

Refer to chart at end of section. 

17DW4A Refer to chart at end of section. 
For replacement use type 17BS3A/17DW4A. 

17EW8 Refer to chart at end of section. 

17EWS/ 
HCCS5 

HIGH-MU TWIN TRIODE 

Miniature type used in rf-amplifier and oscillator
mixer circuits in FM and AM radio receivers. Outlines 
section, 6B; requires miniature 9-contact socket. 
Heater Voltage ................................................. . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances : 

Plate to Grid (Each Unit) .................................. . 
Plate to Cathode (Each Unit) ............................... . 
Plate to Cathode, Heater, and Internal Shield (Each Unit) ... . 
Grid to Cathode, Heater, and Internal Shield (Each Unit) ... . 
Plate of Unit No.1 to Plate of Unit No.2 ................... . 
Grid of Unit No.1 to Grid of Unit No.2 ..................... . 
Plate of Unit No.1 to Grid of Unit No.2 .................... . 
Plate of Unit No.2 to Grid of Unit No.1 .................... . 
Plate of Unit No.1 to Cathode of Unit No.2 ................. . 
Plate of Unit No.2 to Cathode of Unit No.1 ................. . 
Grid of Unit No.1 to Triode of Unit No.2 ................... . 
Grid of Unit No.2 to Triode of Unit No.1 ................... . 

Class At Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-Voltage, Negative-bias Value ............................. . 
Cathode Current ............................................... . 
Plate Dissipation ............................................... . 
CHARACTERISTICS 
Plate Voltage ................................. . 
Grid Voltage .................................. . 
Amplification Factor ........................... . 
Transconductance ............................. . 
Plate Current ................................. . 
MAXIMUM CIRCUIT VALUE 

100 
-1.1· 

60 
4600 

4.6 

170 
-1.5 

50 
6200 

10 

Grid-Circuit Resistance .......................................... . 

• Should not be used if grid current is not permissible. 

17GE5 Refer to type 6GE5. 

H 

9AJ 
17.6 volts 
0.16 ampere 
±90 max volts 

1.5 pF 
O.lS pF 

1.2 pF' 
3 .pF 

0.04 max pF 
0.003 max pF 
O.OOS max pF 
O.OOS max pF 
O.OOS max pF 
O.OOSmax pF 
0.003 max pF 
0.003 max pF 

250 volts 
100 volts 
15 mA 

2.5 watts 

200 volts 
-2.1 volts 

4S 
5S00 /Lmhos 

10 mA 

megohm 
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Refer to chal·t at end of section. 

Refer to type 6GJ5A. 

Refer to chart at end of section. 

Refer to type 6GT5A. 

Refer to type 6GV5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JB6A. 

Refer to type 6JF6. 

Refer to chart at end of section. 

Refer to type 6JG6A. 

Refer to chart at end of section. 

Refer to type 6JM6A. 

Refer to type 6JN6. 

Refer to type 6J Q6. 

Refer to type 6JR6. 

Refer to chart at end of section. 

Refer to type 6JT6A. 

Refer to type 6JZ8. 

Refer to chart at end of section. 

Refer to type 6KV6A. 

Refer to chart at end of section. 
For replacement use type 15KY8A. 

For replacement use type 17BR3/17RK19. 

Refer to chart at end of section. 
For replacement use type 17ABI0/17XI0. 

Refer to type 6Y9/EFL200. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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17GJ5 

17GJ5A 

17GT5 

17GT5A 

17GV5 

17GW6/17DQ6B 

17H3 

17HB25 

17JB6 

17JB6A 

17JF6 

17JG6 

17JG6A 

17JM6 

17JM6A 

17JN6 

17JQ6 

17JR6 

17JT6 

17JT6A 

17JZ8 

17KV6 

17KV6A 

17LD8 

17RK19 

17Xl0 

17Y9 
17Z3/PY81 

18A5 

18AJ10 

18FW6 
18FW6A 

18FX6 
18FX6A 

18FY6 
18FY6A 
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l8GBS 

18GBS/ LLSOO 

18GD6A 

18GV8/PCL8S 

19 

19AU4 

19AU4GTA 

19BG6G 
19BG6GA 

Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to chart at end of section. 

Refer to type 6GV8/ECL85. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

19CG3 
19CG3/l9DQ3 

For replacement use type 19CG3/19DQ3. 

Refer to type 6CG3. 

19CL8A Refer to chart at end of section. 
For replacement use type 19JN8/19CL8A. 

19DE3 Refer to chart at end of section. 

19DK3 HALF·WAVE 
VACUUM RECTIFIER 

Novar type used as a damper tube in television receiv
ers. Outlines section, 35A; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8 and 9, should not be 
used as tie points. 

:::i:~ Juo;:::: . (a~/d~) . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Heater Warm-up Time (Average) ............................... . 
Direct Interelectrode Capacitances: 

Cathode to Pia te and Heater ............................... . 
Plate to Cathode and Heater ............................... . 
Heater to Cathode ......................................... . 

Damper Service 
For operation in a 525-line. 30-frame system 

Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................ . 
Average Plate Current ......................................... . 
Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
Heater-Cathode Voltage: 

Peak value ....................................... +300 
Average value .................................... +100 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 800 mA ................ . 

"" Pulse duration must not exceed 15% of a horizontal scanning cycle. 

H 

9SG 
19 

0.6 
11 

22.0 
13.6 

1.1 

6500 
1200 

400 
9 

220 

-6500 
-900 

25 

19DQ3 

19EA8 

19EZ8 

For replacement use type 19CG3/19DQ3. 

Refer to type 6EA8. 

Refer to chart at end of section. 

volts 
ampere 
seconds 

pF 
pF 
pF 

volts 
rnA 
rnA 

watts 
·C 

volts 
volts 

volts 



TECHNICAL DATA 

Ie 

Refer to type 12FX5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JN8. 

Refer to chart at end of section. 

For replacement use type 18GD6A. 

For replacement use type 18FW6A. 

Refer to chart at end of section. 

Refer to type 6X8A. 

Refer to chart at end of section. 

Refer to type 16AQ3/XY88. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6LF6/6LX6. 

Refer to chart at end of section. 

Refer to type 6GY5. 

Refe)' to chart at end of section. 

BEAM POWER TUBE 

19FX5 

19GQ7 

19HR6 

19H56 

19HV8 

19J6 

19JN8 

437 

19JN8/19CL8A 

19KG8 

19MR9 

19MR19 

19Q9 

19X8 

20 

20AQ3/LY88 

20EQ7 

20EZ7 

20LF6 

21EX6 

21GY5 

21HB5 

21HBSA 
Dllodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. For maximum ratings, re
fer to type 6HB5. Heater: volts (ac/dc), 21; amperes, 
0.45; warm-up time (average), 11 seconds; maximum 

128J heatet'-cathode volts, ±200 peak, 100 average. 

CHARACTERISTICS 
Plate Voltage .................. . 
Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.1 (Control-Grid) Voltage .. 
Amplification Factor ............ . 
Plate Resistance (Approx.) 
Transconductance ............... . 

Class A, Amplifier 

Pentode Connection 
liOOO 50 130 

130 130 130 
o -20 

9900 
9000 

Triode" 
Connection 

130 
130 

-20 
4.8 

volts 
volta 
volt. 

ohm. 
/Lmhol 
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Plate Current .................. . 
Grid-No.2 Current ............... . 
Grid-No.1 Voltage (Approx.) for 

plate current of 1 mA ....... . -64 

• Grid-No.2 tied to plate 

46 
1.8 

-32 

mA 
mA 

volts 

• Thi. value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

21HJ5 

21JS6A 

21JV6 

21JZ6 

Refer to chart at end of section. 

For replacement use type 23JS6A. 

Refer to chart at end of section. 

BEAM POWER TUBE 

I 
H 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 39A; requires 
duodecar 12-contact socket. Heater: volts (ac/ dc), 21; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 aver
age. 12GD 

Class Al Amplifier 

CHARACTERISTICS 
Triode· 

Connection 
13) 

Pentode Connection 
Plate Voltage ...................•.• 6000 60 130 
Grid No.3 (Suppressor Grid) ....... . Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage ... . 130 130 130 
Grid-No.1 (Control-Grid) Voltage ... . -20 

4.8 
o -20 

Amplification Factor ............... . 
Plate Resistance (Approx.) ......... . 
Transconductance ................... . 

9900 
9000 

Plate Current ..................... . 450 46 
Grid-No.2 Current .................. . 29 1.8 
Grid-No.1 Voltage (Approx.) for plate 

current of 1.0 mA ............. . -64 -32 
• Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation In a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage ........................................•• 
Peak Positive-Pulse Plate Voltage# ...........................•. 
Peak Negative-Pulse Plate Voltage ...........................• 
DC Grid-No.3 Voltage, Positive-bias value ..................... . 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 Voltage, Negative-bias value ..................... . 
Peak Negative-Pulse Gdd-No.l Voltage ........................ . 
Peak Cathode Current ......................................... . 
Average Cathode Current ..................................... . 
Plate Dissipation. . ............................................ . 
Grid-No.2 Input ..............................•................. 
Bulb Temperature (At hottest point) ......................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance ................ " ................... . 

770 
6500 
1500 

70 
220 
55 

330 
800 
230 
18 

3.5 
220 

1 

volts 

volt. 
volts 

ohms 
"mhos 

mA 
mA 

volts 

volts 
volts 
volts 
volts 
volts 
volts 
volts 
mA 
mA 

watts 
watts 

·C 

megohm 

• A bias resistor or other means is required to protect the tube in absence of excitation. 
"Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
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BEAM POWER TUBE 21KA6 
Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16A; requires 
duodecar 12-contact socket. A separate connection is 
provided for grid No.3 to minimize "snivets." 

12GH 
Heater Voltage ................................................ . 21 volts 
Heater Current ................................................ . 0.45 ampere 
Heater Warm-up Time ......................................... . 11 seconds 
Heater-Cathode Voltage: 

Peak value ................................................. . ±200 max volts 
Average value .............................................. . 100 max volts 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage .................... 5000 60 60 130 volts 
Grid-No.3 (Suppressor. Grid) 

Voltage ...................... 0 0 25 0 volts 
Grid-No.2 (Screen-Grid) Voltage .. 130 130 130 130 volts 
Grid.No.l (Control-Grid) Voltage . 0 0 -20 volts 
Plate Resistance (Approx.) ..... . 
Transconductance .............. .. 

11000 ohms 
9100 JLmhos 

Plate Current .................. . 410· 410' 50 rnA 
Grid-No.3 Current ............... . 2 rnA 
Grid-No.2 Current .............. . 24· 23· 1.75 rnA 
Grid-No.1 Voltage (Approx.) for 

plate current of 1 mA ....... -66 -33 volts 
Triode Amplification Factor ..... . 4.7 

• This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal·Deflection Amplifier 
For operation in a 525·line, 30·frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
DC Plate Supply Voltage ...................................... . 
Peak Positive·Pulse Plate Voltage# ........... . ............. . 
Peak Negative-Pulse Plate Voltage ....... . ................ . 
Grid-No.3 Voltage, Positive-bias value ......................... . 
Grid-No.2 Voltage ........................ . . . .. 
Grid-No.1 Voltage, Negative·bias value ................. . 
Peak Negative-Pulse Grid·No.1 Voltage ......................... . 
Average Cathode Current ...................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1·Circuit Resistance .............................. . 

770 
6500 
1500 

70 
220 

55 
330 
230 
800 
18 

3.5 
220 

volts 
volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohm 

# Pulse duration must not exceed 150/0 of 1\ horizontal scanning cycle (10 microseconds). 

9RJ 

Heater Voltage 
Heater Current 

BEAM POWER TUBE 21KQ6 
29KQ6/PL521 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 40A; requires 
magnoval 9-contact socket. Type 29KQ6/PL521 is iden
tical with type 21KQ6 except for heater ratings. 

21KQ6 
21.5 
0.45 

29KQ6/PL521 
29 

0.3 
volts 

ampere 
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Heater-Cathode Voltage: 
Peak value ................................... . 
Average v!Llue ........... , .................... . 

Class A, Amplifier 
CHARACTERISTICS' 
Plate Voltage ...... , ... " ... , .................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............. . 
Grid-No.2 (Screen-Grid) Voltage ................. ,. 
Grid-No.1 (Control-Grid) Voltage ................. . 
Plate Current ....................... , ........ ,', .. 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate current of 50 p.A ..... . 

::!:240 
::!:240 

40 
o 

135 
o 

450 
35 

-55 max. 

::!:240 
::!:240 

50 
o 

200 
-12 

550j: 
60t 

volts 
volts 

volts 
volts 
volts 

mA 
mA 

volts 

:j: This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ........... , ......................... . 
Peak Positive-Pulse Plate Voltage# . . ............... . 
Peak Negative-Pulse Plate Voltage# .... . ............ . 
Grid-No.3 Voltage ...................... . 
Grid-No.2 Voltage ... . ...................................... . 
Peak Negative-Pulse Grid-No.1 Voltage 
Average Cathode Current ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance ., ........... , ................. . 
Grid-No.1-Circuit Resistance, for horizontal-deflection circuit 

275 
6500 
1650 

70 
275 
330 
275 

0.5 
2.2 

volts 
volts 
volts 
volts 
volts 
volts 

mA 

megohm 
megohms 

# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 

21LG6 Refer to chart at end of section. 

21LG6A BEAM POWER TUBE K,G3 4 

Duodecar type used as horizontal-deflection amplifier Ie 
in color television receivers. Outlines section, 16B; re
quires duodecar 12-contact socket. Heater: volts, 21; 
ampere, 0.6; maximum heater-cathode volts, ±200 peak, H H 
100 average. 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ........... , ......... ',' 
Grid-No.2 (Screen-Grid) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 

Triode* 
Connection 

125 
125 

-25 

Grid-No.1 Voltage (ApPl·OX.) for plate 

6000 
125 

Pentode Connection 
60 

125 
o 

600 
42 

175 
125 

-23 
7500 

11500 
90 
1.7 

12HL 

current of 1 mA ................. . -115 -45 
Amplification Factor ............... . 3.6 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .................................... . 
Peak Positive-Pulse Plate Voltage# .......................... . 
Peal. Negative-Pulse Plate Voltage ............... . 

900 
7500 
100 

volts 
volts 
volts 
ohms 

p.mhos 
rnA 
mA 

volts 

volts 
volts 
volts 
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Grid-No.2 Voltage 
Grid-No.1 Voltage, N eg":tiv~~bi;'~' '~';'iu~ . : : : : ..................... . 
Plate Dissipation-
Grid-No.2 Input .......... . 
Avel'age Cathode Current 
Peak Cathode Current .. . 
Bulb Temperature ...... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

With feedback type high voltage l'egulation ............ . 
With shunt-type high voltage rcgulation (switching mode) 

" Grid-No.2 tied to plate. 

441 

250 volts 
300 volts 

28 watts 
5 watts 

315 rnA 
1100 rnA 

250 ·C 

1.8 megohms 
2.2 megohms 

# Pulse duration must not exceed 15'/0 of a horizontal scanning cycle (10 microseconds) • 
• A bias resistor or other means is l"equired to protect the tube in absence of excitation. 

Refer to type 6LRS. 

Refer to type 6L US. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Ie K 
HALF-WAVE 

VACUUM RECTIFIER 

21LRB 

21LUB 

21MYB 
22 

228H3 

228H3A 

22BW3 

I 
H 

12FX 

17BW3 

Duodecar type used as damper tube in horizontal-de
flection circuits of television receivers. Outlines sec
tion, SD; requires duodecar 12-contact socket. Type 
17BW3 is identical with type 22BW3 except for heater 
ratings. 

Heater Voltage (aclde) ............... . 
Heater Current ................................... . 
Heater Warm-up Time ................... . 
Direct Interelectrode Capacitances: 

17BW3 
16.8 

0.6 
11 

Cathode to Heater and Plate .......... . ............. . 
Plate to Cathode and Heater ......... . ..................... . 
Heater to Cathode .......................................... . 

Damper Service 
ll~or operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# .. . ............... . 
Peak Plate Current.. .. . ...................................... . 
Average Plate Current ..... . ................... . 
Plate Dissipation ........ . .................................... . 
Heater-Cathode Voltage: 

Peak value ......... . . . . . . . . . . . . . . +300 
Average value ................................. +100 

CHARACTERISTICS, Instantaneous Value 

22BW3 
22.4 volts 
0.45 ampere 

11 seconds 

8.5 pF 
6 pF 

3.8 pF 

5000 volts 
1100 rnA 

175 rnA 
6.5 watts 

-5000 volts 
-900 volts 

Tube Voltage Drop for plate current of 350 rnA . . . . . . . . . . . . 32 volts 
# Pulse dUl'stion must not exceed 15% of one horizontal scanning cycle (10 microseconds). 

Refer to type 6DE4/6CQ4. 

Refer to type 6JF6. 

Hefer to chart at end of section. 

Refer to type 6JG6A. 

22DE4 

22JF6 

22JG6 

22JG6A 
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22JR6 

22JU6 

22KM6 

Refer to type 6JR6. 

Refer to type 6JU6. 

Refer to type 6KM6. 

22KV6A 

23JS6A 

Refer to type 6KV6A. 

Refer to type 6JS6C. 

23Z9 DUAL TRIODE
BEAM POWER TUBE 

Duodecar type used in combined vertical-deflection
oscillator and vertical-deflection-amplifier applications 
in television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 23; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 (Sereen-Gri<!) Voltage ... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplifieation Faetor ............... . 
Plate Resistanee (Approx.) ......... . 
Transeonductance .................. . 
Plate Current ..................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 100 p.A ............. . 
Grid Voltage (Approx.) for plate 

Triode Triode 
Unit No.1 Unit No.2 

150 150 

-2 
43 

11000 
3900 

5.4 

-5 
20 

8500 
2350 

5.5 

eurrent of 10 p.A ................ -5.7 -11 

Beam Power 
Unit 

45 120 
110 110 

o -8 

122 
16.5 

11700 
7100 

46 
3.5 

-25 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-Iine, 30-frame system 

12GZ 

volta 
volts 
volts 

ohms 
p.mhos 

rnA 
mA 

volts 

volt. 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................ . 

Triode 
Unit No.1 
Amplifier 

330 

Triode 
Unit No.2 
Oseillator 

250 

Beam Power 
Unit 

Amplifier 
250 volts 

volts 
volts 
volts 
volts 

watts 
watts 

Peak Positive-Pulse Plate Voltage# ........... . 
Grid-No.2 Voltage ........................... . 
Peak Negative-Pulse Grid-No.1 Voltage ....... . 
Grid Voltage, Positive-bias value ............... . 
Plate Dissipation ............................. . 
Grid-No.2 Input .............................. . 
Peak Cathode Current ......................... . 
Average Cathode Current ..................... . 
Peak Plate Current ......................... . 
Average Plate Current ..................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Cireuit Resistanee: 

o 
125 

400 

70 
20 

2000 
200 
150 

7 
1.8 
245 

70 
rnA 
mA 
rnA 
rnA 

For fixed-bias operation .. . . . . . . . . . . . . . . . . 0.5 megohm 

# Pulse duration must not exeeed 15% of a horizontal seanning eyele (10 mieroseeonds). 

24A 

24BFll 

24JE6A 

24JE6C 

24JZ8 

Refer to chart at end of section. 

Refer to type 6BF11. 

Refer to chart at end of section. 
For replacement use type 24LQ6/24JE6C. 

For replacement use type 24LQ6/24JE6C. 

Refer to type 6JZ8. 
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For replacement use type 24LQ6/24JE6C. 

Refer to type 6MJ6/6LQ6/6JE6C. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6A V5GA. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 50C5. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 25C5. 

Refer to chart at end of section. 

Refer to type 6CD6GA. 

Refer to type 6CG3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12CT3. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 6DL3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EH5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JZ8. 

Refer to chart at end of section. 

443 

24LQ6 

24LQ6/24JE6C 

24LZ6 

25A6 
25A6GT 
25A7GT 

25AC5GT 
25AV5GA 
25AX4GT 

2585 

2586G 
2588GT 
258K5 

258Q6GT 

258Q6GT8/25CU6 

25C5 

25C6G 

25CA5 

25CD6GA 

25CD6G8 

25CG3 

25CK3 

25CM3 

25CT3 

25CU6 

25DL3 

25DN6 

25E5jPL36 

25EC6 

25EH5 

25F5A 

25HX5 

25JQ6 

25JZ8 

25L6 
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25L6GT /25W6GT 

25N6G 

25W4GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

25W6GT 
For replacement use type 25L6GT /25W6GT 

Refer to chart at end of section. 

25Y5 

25Z5 

25Z6 

Refer to chart at end of section. 

Refer to chart at end of section. 

25Z6GT Refer to chart at end of section. 

26 

26A6 

26A7GT 

26C6 

26D6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

26HUS BEAM POWER TUBE 
Glass octal type used as horizontal-deflection amplifier 
in color television receivers. Outlines section, 21B; re
quires' octal socket. Heater: volts (ac/dc), 26; ampere, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 
CHARACTERISTICS Triode:!: 

Connection 
Plate Voltage .............................. 150 
Grid-No.2 (Screen-Grid) Voltage ............ 150 
Grid-No.1 (Control-Grid) Voltage ........... -22.5 
Plate Resistance (Approx.) ................ . 
Transconductance .......................... . 
Plate Current ....•......................... 
Grid-No.2. Current ......................... . 
Grid-No.1 Voltage (Approx.) for plate current 

ollmA ............................... . 
Amplification Factor ...................... . 4 

45 
160 

o 

1100' 
110' 

Pentode 
Connection 

60 175 
110 110 

o -21 
6000 

14000 
125 
3.3 

-40 

volts 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

volts 

t Grid No.2 tied to plate . 
• This value can be measured by a method involving 

maximum ratings of the tube will not be exceeded. 
a recurrent waveform such that the 

Horizontal-Deflection Ampl ifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage . .. . ............................. . 
Peak Positive Pulse Plate Voltage# .............................• 
Grid-No.2 Voltage .. . . ................................ . 
Grid-No.1 Voltage, Negative-bias value ......................... . 
Plate Dissipation· (Absolute-maximum value) ................... . 
Grid-No.2 Input .. ........................................... . 
Average Cathode Current ....................................... . 
Peak Cathode Current .......................................... . 
Bulb Temperature (At hottest point) ........................... . 

990 
7000 

260 
250 

33 
Ii 

400 
1400 
250 

volts 
volts 
volts 
volts 

watts 
watts 

mA 
mA 

·C 
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# Pulse duration must not exceed 15% of a horizontal scanning. cycle (10 micros!,co'.'ds). 
* A bias resistor or other means is required to protect the tube In absence of excItation. 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

With Feedback-type high voltage regulation ..... 
With Shunt-type high voltage regulation (switching m~de) ... 

Refer to chart at end of section. 

BEAM POWER TUBE 

1.2 
2.2 

megohms 
megohms 

26LW6 

26LX6 

12JA 

Duodecar type used as a horizontal-deflection amplifier 
in color and black-and-white television receivers. Out
lines secti()n, 16C; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 26; ampere, 0.6; warm-up time, 
11 se.conds; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class A1 Amplifier 
Triode' 

CHARACTERISTICS Connection Pentode Connection 
Plate Voltage ........................... 175 5000 45 175 volts 
Grid-No.3 (Suppressor-Grid) ........... . Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage........ 175 110 160 110 volts 
Grid-No. 1 (Control-Grid) Voltage ....... -21 
Plate Resistance (Approx.) ............. . 
Transconductance ...................... . 

o -21 volts 
6000 ohms 

14000 JLmhos 
Plate Current .......................... . 
Grid-No. 2 Current ..................... . 

HOOt 
110:1: 

125 mA 
3.3 mA 

Grid-No. 1 Voltage (Approx.) for plate 
current of 1 rnA .................. . -125 volts 

Amplification Factor ................... . 4 

• Grid-No. 2 tied to plate. 
:t This value may be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

recurrent waveform such that the 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive Pulse Plate Voltage# (Absolute Maximum Value) .. 
Peak Negative-Pulse Plate Voltage ............................ . 
Grid-No. 3 Voltage, Positive-bias value .......... . ............ . 
Grid-No. 2 Voltage .. .... .......... .. .. . ............ . 
Peak Negative Grid-No. 1 Voltage .............. . 
Peak Cathode Current ........................... . ............ . 
Average Cathode Current ..................................... . 
Plate Dissipation- (Absolute Maximum Value) .. . 
Grid-No. 2 Input .. ..................................... . ..... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

With feedback-type high voltage regulation ........ . 
With shunt-type high voltage regulation (switching mode) 

Grid-No.8-Circuit Resistance ................................. . 

MIMIMUM RECOMMENDED GRID DRIVE 
Peak Positive Pulse Plate Voltage .................... 5000 
Peak Negative Grid-No. 1 Voltage for grid-No. 2 voltage 

of 150 volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -190 
Peak Negative Grid-No. 1 Voltage for grid-No. 2 voltage 

of 200 volts ...................................... -210 

990 
7000 

100 
o 

250 
250 

1400 
400 

33 
5 

240 

1.2 
2.2 

o 

6000 

-210 

-235 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 

·C 

megohms 
megohms 

ohms 

volts 

volts 

volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
- A bias resistor or other means is required to protect the tube in absence of excitation. 
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27 

27GB5/PL500 

29KQ6/ PL521 

Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to chart at end of section. 

29LE6 BEAM POWER TUBE 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 40A; requires 
magnoval 9-contact socket. 

Heater Voltage ................................................. . 
Heater Current ................................................. . 
Heater-Cathode Voltage: 

Peak value ............................................... .. 
Average value .' ................................. . 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.3 (Suppressor-Grid) Voltage ............. . 
Grid-No.2 (Screen-Grid) Voltage .................. . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Plate Current .................................... . 
Grid-No.2 Current ................................ . 
Grid-No.1 Voltage for plate CUl'rent of 50 p.A ..... . 

40 
o 

135 
o 

450 
35 

-55 max. 

29 
0.3 

±240 
±240 

50 
o 

200 
-12 
550t 
50t 

9RJ 

t This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Peak Positive-Pulse Plate Voltage# ............................. . 
Peak .Negative-Pulse Plate Voltage# ............................ . 
Grid-No.3 Voltage ............................................. . 
Grid-No.2 Voltage ............................................. . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Current ....................................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance .................................... . 
Grid-No.1-Circuit Resistance, for horizontal-deflection circuit ..... . 

275 
6500 
1650 

70 
275 
330 
275 

0.5 
2.2 

volts 
ampere 

volts 
volts 

volts 
volts 
volts 

mA 
mA 

volts 

that the 

volts 
volts 
volts 
volts 
volts 
volts 

mA 

megohm 
megohms 

/I Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 

30 Refer to chart at end of section. 

30AE3/ 
PY88 

DIODE 

Miniature type used as booster diodes in line-time
base circuits of transformer less television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 30; ampere.s, 0.3; maxi-
mum heater-cathode volts, 6600 peak. 9CB 
MAXIMUM RATINGS (Design-Center Values) 
Supply Voltage at zero current ................................. . 
Supply Voltage ................................................ . 
Peak Plate Current ........................................... . 

550 
250 
550 

volts 
volts 
mA 



TECHNICAL DATA 

Average Plate Current 
Plate Dissipation ................ . 
Peak Negative-Pulse Plate Voltage· 

220 
6 

6000# 
• Under no conditions should an absolute maximum value of 7500 volts be exceeded. 

447 

rnA 
watts 
volts 

:# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 micro .. 
seconds. 

H 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KD6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JS6C. 

Refer to type 6MJ6(6LQ6(6JE6C. 

Refer to type 6LR8. 

30AGll 

30JZ6 

30KD6 

30MB6 

31 

31AL10 

31JS6A 

31JS6C 

31LQ6 

31LRa 

BEAM POWER TUBE 31LZ6 
Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 32C; requires 

9Ql novar 9-contact socket. • 
Heater Voltage (ac/dc) ........................... . 31 
Heater Current . . . . . . . . . . ....................... . 0.45 
Heater Warm.up Time ......................................... . 11 
Heater-Cathode Voltage: 

Peak value ...................... . ±200 max 
Average value ... ... . 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ... . ................................. . 0.6 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 22 
Plate to Cathode. Heater, Grid No.2, and Grid No.3 ... 11 

Class A, Amplifier 

CHARACTERISTICS 
Triodet 

Connection 
125 

Pentode Connection 
Plate Voltage ........... ' ... . 55 176 
Peak Positive-Pulse Plate Voltage# 
Grid No.3 (Suppressor Grid) 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 (Control-Grid) Voltage .. . 
Amplification Factor ............... . 
Plate Resistance (Approx.) ....... . 
Transconductance ......... . 
Plate Current ... . ......... . 
Grid-No.2 Current ... . .. . .. 
Grid-No.1 Voltage for plate current 

125 
-25 

3 

5000 
30 

130 

of 1 rnA ................ -125 

Horizontal·Deflection Amplifier 

30 
125 

0 

800tt 
56'f'f 

For operation in a 525·line, 30·frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .................. . 
Peak Positive-Pulse Plate Voltage# 
Peak Negative-Pulse late Voltage 
DC Grid-No.3 Voltage-

30 
125 

-25 

6000 
11000 

140 
2 

-50 

990 
7500 
1100 

75 

volts 
ampere 
seconds 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
volts 
volts 

ohm. 
"mhos 

mA 
mA 

volts 

volts 
volts 
volts 
volts 
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DC Grid-No.2 Voltage ........................................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ........... . ............................. . 
Average Cathode Current ....................................... . 
Grid-No.2 Input ....................................... . 
Plate Dissipation-- ................. . ....................... . 
Bulb Temperature (At hottest point) ...................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

220 
330 

1200 
350 

5 
30 

240 

volts 
volts 

mA 
mA 

watts 
watts 

·C 

For cathode-bias operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 megohm 
For grid-leak-bias operation .................................. 10 megohms 
For fixed-bias operation ..................................... 0.47 megohm 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
·t Grid No.2 connected to plate. 
ott This value can be measured by a method involving a recurrent waveform such that the 

maximum ratings of the tube will not be exceeded. 
• In this service, a positive value may be applied to grid No.3 to minimize ffsnivets" inter

ference; a typical value for this voltage is 30 volts . 
•• A bias resistor 01' other means is required to protect the tube in absence of excitation. 

1200 

~~ 
\'2.0 

( 
-:;'1000 
H 

<J) 

TYPE 31LZ6 
GRID-No.3 
VOLTS=30 
GRID -No.1 
VOLTS=O 

TYPE 31LZ6 
GRID-No.3 VOLTS = 30 
GRID -No.2 VOLTS = 125 

~-+ __ +-E~C~~~O~ __ ~ __ +-~ 

C\I 

:i 

'" W 
0:: 

~ 800 
w 
11. 
::;: 

~~ 
GR\D-l'I~\92. 
~ f.--

~ 
i---i--+--;80 ~ 

« 600 
:J 
...J ~ f..--

~ 
::::; 

=-t'---t----i60 :i 
~ 400 
w ...... - 5,9. 

C\I 
ti~=-~k-~__i1-__i40~ 

L" r--

V 

!i 
ii 200 

I 

ti!ti~~D20~ 
o 100 200 300 400 

o 100 200 300 400 500 PLATE VOLTS 92CS-17682T 
PLATE VOLTS 92CS-1768iT1 

32 
32ET5 

32ET5A 

32HQ7 

32L7GT 

33 

33GT7 

33GY7 

33GY7A 
5OGY7A 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end .of section. 

DIODE--.BEAM POWER TUBE 

Duodecar type used as combined damper diode and 
horizontal-deflection amplifier in television receivers. 
Socket terminals 1, 3, 6 and 7 should not be used as 
tie points. Outlines section, 15A; requires duodecar 12-
contact socket. Type 50GY7 A is identical with type 
33GY7 A except for heater ratings. 12FN 
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Heater Voltage (ac/dc) .. ' .................. . 
Heater Current ................................... . 
Heater Warm-up Time (Average) ................. . 
Heater-Cathode Voltage: 

Peak value 
Average value ................................ . 

33GY7A 
33.6 
0.45 

11 

±200 max 
100 max 

Beam Power Unit as Class Al Amplifier 

CHARACTERISTICS 
Plate Voltage ..................... . 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ................ . 
Plate Resistance (Approx.) 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current .................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............... . 
• Grid No.2 tied to plate • 

Pentode Connection 
5000 60 130 

130 130 130 

-80 

o -22.5 

320· 
22· 

10000 
6500 

48 
2.9 

-40 

50GY7A 
50 
0.3 
11 

±200max 
100 max 

Triode* 
Connection 

130 
130 

-22.5 
4 

449 

volts 
ampere 
seconds 

volts 
volts 

volts 
volts 
volts 

ohms 
I'mhos 

rnA 
rnA 

volts 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be excecdt;d. 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage .................................. . 
Peak Positive-Pulse Plate Voltage# ....... . .............. . 
Peak Negative-Pulse Plate Voltage ........................... . 
DC Grid-No.2 Voltage ........................ . ............ . 
DC Grid-No.1 Voltal!'e ....................................... . 
Peak Negative-Pulse Grid-No.1 Voltage .......... . 
Peak Cathode Current ......................................... . 
Average Cathode Current .... . ............ . 
Plate Dissipationt ........................................... . 
Grid-No.2 Input . . . . . . . . . . . ...................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

400 
5000 

o 
150 

-55 
330 
540 
155 

9 
:s 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watt. 
watt. 

megohm 

#: Pulse duration must not exceed 15r;t" of a horizontal scanning cycle (10 microseconds). 
t A bias resistor or other means is require(1 to protect the tube in absence of excitation. 

Damper Service (Diode Unit) 
For operation in a 525-line. 30 ... frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ........................................... . 
Average Plate Currt"!nt ......................................... . 
Plate Dissipation ..... _ .......... , .................... . 
Heater-Cathode Voltage: 

Peak value .................................. . 
Average value ......................... . 

Bulb Temperature (At hottest point) . 

CHARACTERISTICS, Instantaneous Value 

+200 
+100 

4200 volts 
810 rnA 
135 rnA 
3.8 watt. 

-4200 volts 
-400 volt. 

200 'c 

Tube Voltage Drop for plate current of 250 mA .................. 21 volts 

#: Pulse duration must not exceed 150/0 of a horizontal scanning cycle (10 microseconds). 

Refer to type 6JR6. 33JR6 

Refer to chart at end of section. 33JV6 

Refer to chart at end of section. 34 

Refer to type 6CE3/6CD3/6DT3. 34CE3 

Refer to chart at end of section. 34CM3 
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34GD5 

34GD5A 

34R3 

35 

35A5 

3585 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

3SCS BEAM POWER TUBE 

Miniature type used in output stage of compact, acl dc 
radio receivers. Outlines section, 5D; requires miniature 
7-contact socket. This tube, like other power-handling 
tubes, should be adequately ventilated. Except for ter
minal connections and slightly higher ratings, type 
35C5 is equivalent in performance to miniature type 
35B5 and, within its maximum ratings, to glass octal 
type 35L6GT. 
Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ........................................ . 
Grid No.1 tt) Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, G,·id No.2, and Grid No.3 ......... . 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .......................................... , ...... . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ................. _ ........................ . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ................... . 
TYPICAL OPERATION 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum-Signal Plate Current ................. . 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current ....................... . 
Plate Resistance (Approx.) ................................... . 
Transconductance .............................................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion ..................................... . 
Maximum-Signal Power Output .............. . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ..................................... . 
For cathode-bias operation .......................... . 

Installation and Application 

35 
0.15 

7CV 

±200 max 
100 max 

0.6 
12 

9 

150 
130 
5.2 
1.1 
250 

110 
110 

-7.5 
7.5 
40 
41 

3 
7 

13000 
5800 
2500 

10 
1.5 

0.1 
0.5 

volt. 
ampere 

volt. 
volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

·C 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

phms 
/Lmhos 
ohms 

per cent 
watts 

megohm 
megohm 

The 35-volt heater is designed to operate under the normal conditions 
of line-voltage variation without materially affecting the performance or 
serviceability of the 35C5. For operation of the 35C5 in series with other 
types having 0.15-ampere rating, the current in the heater circuit should 
be adjusted to 0.15 ampere for the normal supply voltage. 
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In a series-heater circuit of the "dc-power line" type employing sev· 
eral O.15-ampere types and one or two 35C5s, the heater(s) of the 35C5(s) 
should be placed on the positive side of the line. Under these conditions, 
heater-cathode voltage of the 35C5 must not exceed the value given under 
maximum ratings. In a series-heater circuit of the "universal" type em· 
ploying rectifier tube 35W4, one or two 35C5s and several O.15-ampere 
types, it is recommended that the heater(s) of the 35C5(s) be placed in 
the circuit so that the higher values of heater-cathode bias will be im
pressed on the 35C5(s) rather than on the other O.15-ampere types. This is 
accomplished by arranging the 35C5(s) on the side of the supply line which 
is connected to the cathode of the rectifier, i.e., the positive terminal of the 
rectified voltage supply. Between this side of the line and the 35C5(8), any 
necessary auxiliary resistance and the heater of the 35W4 are connected 
in series. 

As a power amplifier (class AI), the 35C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of ac/dc re
ceivers. The operating values shown under typical operation have been de
termined on the basis that grid-No.1 current does not flow during any part 
of the input cycle. 

N ... 
!:! 

Refer to 

Refer to 

o 

TYPE 35C5 
PENTODE CONNECTION 
GRID-No.2 VOLTS -110 

100 200 300 

PLATE VOLTS 

chart at end of section. 

chart at end of section. 

400 

92CS -n12TI 

35DZ8 

35EH5 

Refer to chart at end of section. 35GL6 

Refer to chart at end of section. 35L6GT 

Refer to type 6LR6. 35LR6 

~
H4 ~p 

H 3 6 HL 

NC 2 ,7K 

NC 

SSQ 

HALF·WAVE 
VACUUM RECTIFIER 35W4 

Miniature type used in power supply of ac/dc re
ceivers. Outlines section, 5D; requires miniature 7-
contact socket. This type is equivalent in performance 
to glass-octal type 35Z5GT. The heater is provided with 
a tap for operation of a panel lamp. 
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Heater Voltage (ac/dc): 
Entire Heater (pins 3 and 4) 
Panel Lamp Section (pins 4 ';';"d' '6)':::::::::: 

Heater Current: 
Between Pins 3 and 4 ....................... . 
Between Pins 3 and 6 .: ..................... . 

35 
7.5 

0.15 

Peak Heater-Cathode Voltage ................................. . 

• Without panel lamp . 
•• With No.40 or No.47 panel lamp. 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Peak· Inverse Plate Voltage ................................... . 
Peak Plate Current ........................................... . 
Average Output Current: 

With Panel Lamp and {No S~unting. Resistor .......... . 
Shuntmg ResIstor ............... . 

Without Panel Lamp ....................................... . 
Panel-Lamp-Section Voltage: 

•• 
32 
5.6 

0.15 
±360 max 

360 
660 

66 
100 
110 

When Panel Lamp Fails .................................... 17 
AC Plate-Supply Voltage (rms) ................ 117 117 117 117 
Filter-Input Capacitor ......................... 40 40 40 40 
Minimum Total Effective Plate-Supply Impedance 15 15 15 16 
Panel-Lamp Shunting Resistor ................ 300 150 100 
Average Output Current ...................... 60 70 80 90 

t No.40 or No.47 panel lamp used in circuit given below with capacitor-input filter. 

Installation and Application 

volts 
volts 

ampere 
ampere 

volts 

volts 
mA 

mA 
mA 
mA 

volts 
volts 

p.F 
ohms 
ohms 

mA 

OPERATION CHARACTERISTICS 
HALF-WAVE RECTIFI£R 

TYPE 35W4 

For heater considerations, refer to 
miniature type 35C5. 

~ .. 
g 
~250 
~ 
I
-<200 .. 
!j 

E+'=~~:t~1>s.rfrl~5~~lt'l~o~2)3 & 
PLATE VOLTS=1I7RMS 
TOTAL EFFECTIVE PLATE-SUPPLY 

IMPEOANCE=15 OHMS 
C=(APACITOR INPUT TO FILTER 

With the panel lamp connected as 
shown in the diagram,. the drop across 
R and all heaters (with panel lamp) 
should equal 117 volts at 0.15 ampere. 
The shunting resistor R. is required 
when dc output current exceeds 60 milli
amperes. Values of R. for dc output cur
rents greater than 60 milliamperes are 
given in tabulated data. 

o 
'" 150 

~ 
~ 100 
o 
o 

$0 

~ ~ ~ C=40 r 
........ --...!! 

........ -.!. 

o 25 50 75 100 
LOAD MILLIAMPERES 

!l2CM-f>615Tr 

TYPICAL OPERATION WITHOUT PANEL LAMP 
AC Plate-Supply Voltage (rms) ............................... . 
Filter-Input Capacitor ......................................... . 
Minimum Total Effective Plate-Supply Impedance .............. . 
Average Output Current ....................................... . 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current (50 mAl .....................•.•.•... 
At full-load current (100 rnA) ............................. . 

Voltage Regulation (Approx.): 
Half-load to full-load current .............................. . 

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting ResistOl':* 

For dc output current of 80 rnA .................... . ( 
70 mA .................... . 

90 rnA .................... . 

• Required when dc output current is greater than 60 milliamperes. 

117 volts 
40 p.F 
15 ohm. 

100 mA 

135 volts 
120 volts 

15 volts 

800 obms 
400 ohms 
250 ohms 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

p HALF-WAVE 
VACUUM RECTIFIER 

35Y4 

35I3 

35I4GT 

453 

3SZSGT HL~"~ 
2 7 

H H 

I 8 

NC; K 

BAD 

G lass octal type used in power supply of ac / dc re
ceivers. The heater is provided with a tap for opera
tion of a panel lamp. Outlines section, l3D; requires 
octal socket. This type may be supplied with pin No.1 
omitted. For installation and application considera
tions, refer to miniature type 35W 4. 

Heater Voltage (acl dc) : • 
Entire Heater (pins 2 and 7) .................. 35 
Panel Lamp Section (pins 2 and 3) ............ 7.5 

Heater Current: 
Between Pins 2 and 7 ........................ 0.15 
Between Pins 3 and 7 ....................... . 

Peak Heater-Cathode Voltage ......... _ ......................... . 

• Without panel lamp • 
•• With No.40 or No.47 panel lamp. 

Half·Wave Rectifier 
MAXIMUM RATINGS (Design·Center Values) 
Peak Invel'se Plate Voltage ................................... . 
Peak Plate (;ulTent ........................................... . 
Average Output Current: 

With Panel Lamp and { No Sl,lUnting .Resistol· ........... . 
ShuntIng Resistor ............... . 

Without Panel Lamp ........... _ ......................... . 
Panel-Lamp-Section Voltage (rms): 

When Panel Lamp Fails ................................... . 
TYPICAL OPERATION WITH PANEL LAMPt 
AC Plate-Supply Voltage (rms) 117 117 117 
Filter-Input Capacitor .............. 40 40 40 
Minimum Total Effective Plate-

Supply Impedance .............. 15 15 15 
Panel-Lamp Shunting Resistor ...... 300 150 
Average Output Current ............ 60 70 80 

.. 
32 

5.5 

0.15 
±350max 

700 
600 

60 
90 

100 

. 15 

117 235 
40 40 

15 100 
100 

90 60 

volts 
volt. 

ampere 
ampere 

volts 

volts 
rnA 

rnA 
mA 
rnA 

volts 

volts 
JLF 

ohms 
ohms 

rnA 

" No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 3SW 4. 
TYPICAL OPERATION WITHOUT PANEL LAMPt 
AC Plate-Supply Voltage (rms) ............... . 
Filter-Input Capacitor ... . . _ . .. . ... . 
Minimum Total Effective Plate-Supply Impedance .. 
AVel'age Output Current ......................... . 
DC Output Voltage at Input to Filter (Approx.): 

At hall-load CUlTent (50 rnA) . _ ............. . 
At full-load current (100 rnA) ............... . 

Voltage Regulaton (Approx.): 
Half-load to full-load current ................ . 

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting Resistor-: 

[ 
70 rnA 

For ,lc ouptut current of 80 rnA 
90 rnA 

117 
40 
15 

100 

140 
120 

20 

• UeQuiretl when de output current is gl'eater than 60 milliamperes. 

Hefer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KD6. 

235 
40 

100 
100 

280 
235 

45 

800 
400 
250 

36 

36AM3 
36AM3A 
36AM3B 

volts 
JLF 

ohms 
rnA 

volts 
volts 

volts 

ohms 
ohms 
ohms 

36KD6/40KD6 
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" 

BEAM POWER TUBE 36MC6 

9QL 

Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 18D; requires 
novar 9-contact socket. 

Heater Voltage (ac/dc) ........................................ . 36 
Heater Current ................................................. . 0.45 
Heater-Cathode Voltage: 

Peak value ................................................ . ±200max 
Average value ............................................. . 100 max 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ......................................... . 1.0 
Grid No.1 to Cathode, Heater, Grid No.2 and Grid No.3 ..... . 40 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ...... . 16 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ..................... . 
Peak Positive-Pulse Plate Voltage# .. 
Grid No.3 (Suppressor Grid) 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Amplification Factor ................ . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ....................... . 
Grid-No.2 Current ................... . 
Grid-No.1 Voltage for plate current 

of 1m A ...................... .. 

;'OOO~~~t:~ .. 
'" 0: .. .. 
2 

" 

Triodei' 
Connection 

175 

175 
-21 

4 

5000 
30 

110 

-126 

Pentode Connection 
45 60 176 

30 30 80 
110 110 110 

o 0 -21 

6000 
14000 

1100tt 750tt 125 
110tt 42tt 3.3 

--40 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
volts 
volts 

ohms 
/Lrnhos 

rnA 
rnA 

volts 

::; 
..J 

i 
'" ~ 
..J .. 

.. ... 
0: ... .. 
2 

" j 
i 
N 

" Z , 
Q 

400_ 
;r .. 

o 100 200 300 400 500 
Pl..ATE VOLTS fEb) 

o 100 400 

PLATE VOLTS (Eb) 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 3D-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ....................................... . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
DC Grid-No.3 Voltage- ....................................... . 
DC Grid-No.2 Voltage .......................................... . 

990 
7500 
1100 

75 
250 

500 

volts 
volts 
volts 
volts 
volts 
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330 volts 
1400 rnA 

Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Peak Cathode Current ......................................... . 

400 rnA 
5 watts 

33 watts 
250 ·C 

Average Cathode Current ...................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipation.. . .... , ...................................... . 
Bulb Temperature (At hottest point) ........................... . 

MAXIMUM CIRCUIT VALUES· 
Grid-No.1-Circuit Resistsnce: 

1 megohm 
10 megohms 

0.47 megohm 

For cathode-bias operation ................................. . 
For grid-leak-bias operation ................................ . 
For fixed-bias operation .................................... . 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
t Grid No.2 connected to plate. 
tt This value caD be measured by a method involving a recurrent waveform such that the 

maximum ratings of the tube will not be exceeded. 
• In this service, a positive value may be applied to grid No.3 to minimize "snivets" inter

ference; a typical value for this voltage is 30 volts . 
•• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 37 

Refer to chart at end of section. 38 

DIODE-BEAM POWER TUBE 38HE7 

12FS 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12-
contact socket. Heater: volts (ac/dc), 37.8; amperes, 
0.45; warm-up time, 11 seconds; maximum heater-cath
ode volts, ±200 peak, 100 average. 

Beam Power Unit As Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage ...................... . 
Grid-No.2 (Screen-Grid) Voltage ..... . 
Grid-No.1 (Control-Grid) Voltage ... . 
Plate Resistance (Approx.) ......... . 
Transconductance .................. . 
Plate Current ...................... . 
Grid-No.2 Current ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............... . 
Amplification Factor ...............• 

•• Grid No.2 tied to plate. 

Pentode Connection 
5000 50 130 

130 130 130 

-80 

o -22 
6200 
8800 

450 60 
40 2.8 

-39 

Triode"'''' 
Connection 

130 
130 

-22 

4.2 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design·Maximum Ratings) 
Plate Voltsge ................................................. . 
Peak Positive-Pulse Plate Voltage# ........................... . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 Voltage. Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ......................... . 
Average Cathode Current ..................................... . 
Peak Cathode Current ......................................... . 
Plate Dissipationt ............................................. . 
Grid-No.2 Input ............................................... . 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

t A bias resistor or other means is required to protect the tube in 

500 
5000 

0 
150 

55 
330 
230 
800 

10 
3.5 

absence of 

volt. 
volt. 
volts 
ohms 

/Lmhos 
mA 
rnA 

volts 

volt. 
volts 
volts 
volts 
volts 
volts 
rnA 
mA 

watts 
watts 

megohm 

excitation. 
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Damper Service-Diode Unit 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage# ................................... . 
Peak Plate Current ............................................• 
Average Plate Current ....................................... . 
Heater-Cathode Voltage: 

Peak value ...... ,............................ +200 
Average value ................................ +100 

Bulh Temperature (at hottest point) ........................... . 
CHARACTERISTICS, Instantaneous Value 

4200 
1200 
200 

-4200 
-500 

200 

Tuhe Voltage Drop for plate current of 350 rnA ................ 21 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 

38HK7 
DIODE-BEAM POWER TUBE 53HK7 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12-
contact socket. Type 53HK7 is identical with 38HK7 ex
cept for heater ratings. 

Heater Voltage (ac/dc) .......................... . 
Heater Current .................................. . 
Heater Wal'm-up Time (Average) ............... . 
Heater-Cathode Voltage: 

38HK7 
37.8 
0.45 

11 

H 

53HK7 
53.2 

0.315 
11 

volts 
rnA 
mA 

volts 
volts 

·C 

volts 
microseconds) • 

NC IC 

volts 
ampere 
seconds 

Peak value ................................. . ±200max 
100 max 

±200 max volt 
Average value ............................... . 100 max 

Direct Interelectrode Capacitances (Approx.): 
Diode Unit: 

Plate to Cathode and Heater ............................... . 10 
Cathode to Plate and Heater ................................ . 9 
Heater to Cathode ....................................... . 2 

Beam Power Unit: 
Grid No.1 to Plate .......................................• 0.38 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 19 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 8 

Beam Power Unit as Class At Amplifier 
Triode" 

CHARACTERISTICS Connection 
130 
130 

-22 

Pentode Connection 
Plate Voltage ..................... . 3500 50 130 
Grid-No.2 (Screen-Grid) Voltage ... . 130 130 130 
Grid-No.1 (Control-Grid) Voltage ... . o -22 
Amplification Factor ............... . 
Plate Resistance ................... . 
Transconductance .................. . 
Plate Current ..................... . 
Grid-No.2 CUl'l"ent ................. . 
Grid-No.1 Voltage (Approx.) for plate 

current of 1 mA ............... . 

--MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

•• Grid No.2 tied to plate. 

4.2 

-66 

450 
40 

6200 
8800 

60 
2.8 

-39 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-linc, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Peak Positive-Pulse Plate Voltage ............................. . 
Peak Negative-Pulse Plate Voltage ............................. . 
Grid-No.2 Voltage ............................................. . 
DC Grid-No.1 VOltage, Negative-bias value ..................... . 
Peak Negative-Pulse Grid-No.1 Voltage ....................... . 
Average Cathode Current ..................................... . 
Peak CathodA Current ......................................... . 
Plate Dissipationt .... . ....................................... . 
Grid-No.2 Input ................ . ............................. . 

500 
5000 

o 
150 
55 

330 
230 
800 

10 
3.5 

volts 

pF 
pF 
pF 

pF 
pF 
pF 

volts 
volts 
volts 

ohms 
pmhos 

mA 
mA 

volts 

megohm 

volts 
volts 
volts 
volts 
volts 
volts 

mA 
mA 

watts 
watts 
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MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance 

457 

megohm 
t A bias resistor or other means is l'equil'ed to protect the tube in absence of excitation. 

Damper Service-Diode Unit 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design·Maximum Values) 
Peak Inverse Plate Voltage# ................................. . 4200 volts 
Peak Plate CUl"rent ........................................... . 1200 mA 
Average Plate Current ......................................... . 200 mA 
Heater-Cathode Voltage: 

Peak value .................................... +200 -3700 volt. 
Average value . . . . . . . . . . . . . . . . . . . . . . . . . +100 -500 volts 

Bulb Temperature (At hottest point) ..................... . 200 ·C 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA .................. 16 volts 

#: Pulse duration must not exceed 15% of n horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 39/44 

Refer to chart at end of section. 40 

Refer to chart at end of section. 
40KD6 For replacement use type 36KD6/40KD6. 

Refer to type 6KG6A/EL509. 40KG6A/PL509 

Refer to chart at end of section. 41 

Refer to chart at end of section. 42 

Refer to chart at end of section. 42EC4A/PY500 

Refer to type 6KN6. 42KN6 

Refer to chart at end of section. 43 

Refer to chart at end of section. 45 

Refer to chart at end of section. 45Z3 

Refer to chart at end of section. 45Z5GT 

Refer to chart at end of section. 46 

Refer to chart at end of section. 47 

Refer to chart at end of section. 48 

Refer to chart at end of section. 49 

Refer to chart at end of section. 50 

Refer to chart at end of section. 50A5 

Refer to chart at end of section. 50B5 

Refer to type 6BM8/ECL82. 50BM8/UCL82 
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socs 
25C5 BEAM POWER TUBE 

Miniature type used in output stage of compact, ac/dc 
radio receivers. Outlines section, 5D; requires minia
ture 7-contact socket. This tube, like other power-han
dling tubes, should be adequately ventilated. Within its 
maximum ratings, type 50C5 is equivalent in perform
ance to glass octal type 50L6GT. Type 25C5 is identical 
with type 50C5 except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ............ ' ....................... . 
Heater-Cathode Voltage: 

25CS 
25 
0.3 

SOCS 
50 

0.15 

7CV 

Peak value ................................... . 
Average value ................................ . 

±200 max 
100 max 

±200max 
100 max 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ........... . 
Plate Dissipation ............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 

TYPICAL OPERATION 
Plate Voltage ................................................ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 

TYPE 50C5 GRID-No.2 VOLTS=IIO 
PENTODE CONNECTION 

;J-~C'O fo-

Y ib -2 

I-.!-

25 :a 
ffi 
D.. 

20~ 

'" 

0.6 
13 

8.5 

150 
130 

o 
7 

1.4 
220 

120 
110 
-8 

~;-
VK 

....... ~ SEC _-61- I 
GRID-No.1 VOLT I 

3 
5 :i 

.;ECI=O I -8 I N 
o d z 

I r-rt '- J -10 
~ -12 .-
t--

-14 

o 50 100 150 200 
PLATE VOLTS 1I2CS-6603T 

Peak AF Grid-No.1 Voltage ................................... . 
Zero-Signal Plate Current ..................................... . 
Maximum .. Signal Plate Current ................................ . 
Zero-Signal Grid-No.2 Current ................................. . 
Maximum-Signal Grid-No.2 Current ............................ . 
Plate Resistance (Approx.) .................................... . 
Transconductance .............................................. . 
Load Resistance .................. ' ............................. . 
Total Hal'monic Distortion ..................................... . 
Maximum-Signal Power Output ................................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ................................... . 
For cathode-bias operation ................................. . 

5. ~ 

o 
C> 

8 
49 
50 

4 
8.5 

10000 
7500 
2500 

10 
2.3 

0.1 
0.5 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 

watts 
watts 

·C 

volts 
volts 
volts 

volts 
mA 
mA 
mA 
rnA 

ohms 
/Lmhos 

ohms 
per cent 

watts 

megohm 
megohm 
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Installation and Application 

The 50-volt heater is designed to operate under the normal conditions of 
line voltage variation without materially affecting the performance or 
serviceability of the 50C5. For operation of the 50C5 in series with other 
types having O.15-ampere rating, the current in the heater circuit should 
he adjusted to 0.15 ampere for the normal supply voltage. 

In a series-heater circuit of the "dc power line" type employing several 
0.15-ampere types and one or two 50C5s, the heater(s) of the 50C5(s) should 
be placed on the positive side of the line. Under these conditions, heater
cathode voltage of the 50C5 must not exceed the value given under maximum 
ratings. In a series-heater circuit of the "universal" type employing rectifier 
tube 35W4, one or two 50C5s, and several 0.15-ampere types, it is recom
mended that the heater(s) of the 50C5(s) be placed in the circuit so that 
the higher values of heater-cathode bias will be impressed on the 50C5(s) 
rather than on the other 0.15-ampere types. This is accomplished by arrang
ing the 50C5(s) on the side of the supply line which is connected to the 
cathode of the rectifier, i.e., the positive terminal of the rectified voltage sup
ply. Between this side of the line and the 50C5(s), any necessary auxiliary 
resistance and the heater of the 35W 4 are connected in series. 

As a power amplifier (class A,), the 50C5 is recommended for use either 
singly or in push-pull combination in the power-output stage of "ac/dc" re
ceivers. The operating values shown under typical operation have been de
termined on the basis that grid-No.1 current does not flow during any part 
of the input cycle. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EH5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 33GY7 A. 

Refer to chart at end of section 

POWER PENTODE 

50C6G 

50DC4 

50EH5 

50FE5 

50FK5 

50GY7A 

50HC6 

SOHK6 
~

H4 :2 

H 3 ::: 6 HL 

GI 2 7 P 

I 

K.G3 

7FZ 

Miniature type used in audio-frequency power-output 
stage of radio receivers. Outlines section, 5D; requires 
miniature 7-contact socket. The heater is provided with 
a tap for operation of a panel lamp. Heater: volts 
(ac/dc), 50; amperes, 0.15; tap volts (without panel 
lamp), 7; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Volta~e ................................................ . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
RMS Heater-Tap Voltage When Panel Lamp Fails ............. . 

150 
130 
5.5 
1.1 
14 

volts 
volts 

watts 
watts 
volts 
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TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ................................................. . 110 
Grid-No.2 Voltage ............................................. . 110 
Grid-No.1 (Control-Glid) Voltage ............................. . -7.5 
Peak AF Grid-No.1 Voltage .................................... . 7.5 
Zero-Signal Plate Cunent ..................................... . 49 
Maximum-Signal Plate Current .............................. . 50 
Zero-S,gnal Grid-No.2 Current ................................. . 4 
Maximum-Signal Grid-No.2 Current ............ . 8.5 
Plate Resi,tan ... e (Approx.) ................................... . 
Transconductance .............................................. . 

10000 
75\10 

Load Resistance ............................................... . 2500 
Total HarmoJ"c Disto,-tlOn (Approx.) .......................... . 9 
Maximum-Signal Power Output .............. " .. . 1.9 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .................................... . 0.1 
For cathode-bias operation 0.5 

50JY6 Refer to chart at end of section. 

SOL6GT 
l5L6GT BEAM POWER TUBE 

Glass octal type used in output stage of acl dc radio 
receivers. Outlines section, 13D; requires octal socket. 
This type may be supplied with pin No.1 omitted. 
Refer to miniature type 50C5 for installation and ap
plication information. Type 25L6GT is identical with 
type 50L6GT except for heater ratings. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ................................... . 
Peak Heater-Cathode Voltage .................... . 
Direct Intetelectrorle Capacitances (Approx.): 

25L6GT 
25 

0.3 
±90 max 

Glid No.1 to Plate ......................................... . 
Glid No.1 to Cathode, Heater, G"id No.2, and Grid No.3 
Plate to Cathode. Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 
MAXIMUM RATINGS (Design·Center Values) 
Plate Voit<·ge ... ... . ........................................ . 
Grid-No.2 (Screen-Grid) Voltage ... . .......................... . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ..... ... . ..................................... . 
TYPICAL OPERATION Fixed Bias 
Plate Supply Voltage ............................ 110 
Gria-No.2 Supply Voltage ......................... 110 
Glid-No.1 (ContI'ol-Grid) Voltage .................. -7.5 
Peak AF Grid-NO.1 Voltage ....................... 7.5 
Cathode-Bias Resistor ............................ . 
Zero-Signal Plate Current ....................... . 
Maximum-Signal Plate Current ................... . 
Zero-Silrna] Grid-No.2 Current .................. . 
Maximum-Signal Grid-No.2 Current ............... . 
Plate Resistance (Approx.) ... , .................. . 
Transconductance . ............................... . 
Load Resistance ................................. . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output ................... . 

49 
60 

4. 
10 

13000 
3000 
2000 

10 
2.1 

7AC 
50L6GT 

50 
0.15 
±90 max 

0.6 
15 

9.5 

200 
125 

10 
1.25 

Cathode Bias 
200 
125 

8.0 
180 

46 
4.7 

2.2 
8.5 

28000 
8000 
4000 

10 
3.8 

50X6 Refer to chart at end of section. 

50Y6GT Refer to chart at end of section. 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
I'mhos 
ohms 

per cent 
watts. 

megohm 
megohm 

volts 
ampere 

volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 
ohms 

mA 
rnA 
mA 
mA 

ohms 
I'mhos 

ohms 
per cent 

watts 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at er.d of section. 

Refer to type 38HK7. 

Refer to type 12FX5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to ch.ut at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chal·t at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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50Y7GT 

50Z7G 

53 

53HK7 

60FX5 

70L7GT 

75 

78 

80 

83 

84/6Z4 

117L7GT / M7GT 

117N7GT 

117P7GT 

117Z3 

117Z4GT 

117Z6GT 

407A 

408A 

884 

955 

959 

991 

1612 

1614 

1619 

1620 

1621 

1622 

1629 

1635 
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2050 GAS THYRATRON 
INDUSTRIAL 

TYPE 
Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
22; requires octal socket. For maximum ratings and 
typical operating conditions refer to type 2050A. 

Heater Voltage (ac/dc) ............................. . 
Heater Current ..................................... . 
Cathode: 

Heating Time, prior to tube conduction ........... . 
Direct Interelectrode Capictances (Approx.): 

Min. 
5.7 

0.54 

10 

Grid No. 1 to Anode ....................................... . 
Input ...................................................... . 
Output ..................................................... . 

BBS 
Av. Max. 
6.3 6.9 volta 

0.60 0.66 ampere 

sec 

0.26 pF 
4.2 pF 
3.6 pF 

2050A 
INDUSTRIAL 

TYPE 

GAS THYRATRON 

Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
l3C; requires octal socket. 

~
N~ 5GI 

P 3 .__ 6 GZ . ---
H Z 7 H 

a 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode ................... . 
Heater positive with respect to cathode ..................... . 

Cathode: 
Minimum heating time prior to tube conduction ............. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No. 1 to anode ....................................... . 
Grid No. 1 to cathode and grid No.2 ....................... . 

Ionization Time (Approx.): 
For dc anode volta = 100, grid-No. 1 volta (square-wave pulse) = 50, peak anode amperes during conduction = 1 ......... . 

Deionization Time (Approx.): 
With dc anode volta = 125, grid-No. 1 volta = -250, grid-No. 1 

resistor (ohms) = 1000, dc anode amperes = 0.1 .... . ..... 
With dc anode volts = 125. grid-No.1 volta = -10, grid-No.1 

resistor (ohms) = 1000, dc anode amperes = 0.1 ........... . 
Maximum C"itical Grid-No. 1 Current for dc anode supply volta 

(rms) = 460, average anode amperes = 0.1 ................. . 
Anode Voltage Drop (Approx.) ................................. . 
Grid-No. 1 Control Ratio (Approx.) for grid-No. 1 i'esistor (ohms) 

= 0, grid No. 2 connected to cathode at socket .............. . 
Grid-No.2 Control natio (Approx.) for grid-No.1 resistor (ohms) = 0, grid-No.2 resistor (ohms) = 0, grid No.1 connected to 

cathode at socket ........................................... . 

BBS 
6.3±10% 
0.6 

100 max 
25 max 

10 

0.15 
2.2 

0.5 

50 

100 

0.5 
8 

250 

800 

Relay and Grid·Controlled Rectifier Service 
For anode supply frequency of 60 Hz 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward ..................................... . 
Inverse ....................................... . 

Grid-No. 2 (Shield-Grid) Voltage: 
Peak, before tube conduction ................. . 
Average*, during tube conduction ............. . 

Grid-No.1 (Control-Grid) Voltage: 
Peak, before tube conduction ................. . 
Average·, during tube conduction ............. . 

Cathode Current: 
Peak ......................................... . 
Average· ..................................... . 
Fault, for duration of 0.1 second maximum .... . 

180 
360 

-100 
-10 

-250 
-10 

1 
0.2 
10 

650 
1300 

-100 
-10 

-250 
-10 

1 
0.1 
10 

K 

volta 
ampere 

volta 
volta 

seconds 

pF 
pF 

p.s 

p.s 

p.s 

p.A 
volt. 

volta 
volta 

volts 
volta 

volts 
volts 

ampere 
ampere 

amperes 
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Grid-No. 2 Current: 
Average· ..................................... . +0.01 +0.01 ampere 

Grid-No. 1 Current: 
Average· ..................................... . +0.01 +0.01 ampere 

·C Ambient-Temperature Range ..................... . -75 to +90 -75 to +90 

TYPICAL OPERATION FOR RELAY SERVICE 
RMS Anode Voltage ............................. . 117 400 volts 
Grid No.2 ....................................... . Connected to cathode at socket 
RMS Grid-No. 1 Bias Voltage..to. ................... . 5 volts 
DC Grid-No. 1 Voltage ........................... . 
Peak Grid-No. 1 Signal Voltage ................... . 
Grid-No. 1 Circuit Resistance ........... . 
Anode-Circuit Resistancet ........................ . 

MAXIMUM CIRCUIT VALUES 
Grid-No. I-Circuit Resistance: 

6 
1 

1200 

For average anode current below 0.1 ampere ... , ........... . 
For average anode current above 0.1 ampere ................. . 

• Averaged over any interval of 30 seconds maximum . 
.6. Approximately 180' out of phase with the anode voltage. 
t Sufficient resistance, including the tube load. must be used under any 

tion to prevent exceeding the current ratings. 

Operating Considerations 

-6 volts 
6 volts 
1 megohm 

2000 ohms 

10 megohms 
2 megohms 

conditions of opera .. 

The heater is designed to operate on either ac or dc at 6.3 volts. Regard
less of the heater-voltage supply used the heater voltage must never be al
lowed to deviate from its rated range. Heater operation outside of this volt
age range will impair tube performance and may cause tube failure. Low 
heater voltage causes low cathode temperature with resultant cathode sput
tering and consequent destruction of the cathode; high heater voltage causes 
high cathode temperature with resultant heating of the grid and consequent 
grid emission which produces unpredictable shifts in the critical grid-No.1 
voltage for conduction. 

The cathode should be allowed to reach normal operating temperature 
before anode current is drawn. The delay period should not be less than 10 
seconds after application of heater voltage. Unless this recommendation is 
followed, the cathode will be damaged. 

OPERATING RANGE 
OF CRITICAL GRID No I VOLTAGE 

TYPE 2050A 
GRID No.2 CONNECTED TO CATHODE AT SOCKET 
AMBIENT-TEMPERATURE RANGE C·C)=-75 TO +90 
RANGES SHOWN ARE FOR TWO VALUES OF GRID-

No.1 RESISTOR AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL TUBES AND 
SUBSEQUENT DIFFERENCES DURING TUBE LIFE. 

50 

~~%~~6~~ \ \ 
c , 0 , ~- 40 

" '\ \\ U 

RANGE FO \\ 
~- 30 

\. I 
10 MEGOHMS 

~- 20 , \ , " \~ 
NO~-CO~DUClING ~~L 

,/0 
-8 -7 -6 -5 -4 -3 -2 -I 

DC GRID-No.1 SUPPLY VOLTS 
o ~ 

92CS-6540T3 

The shield grid (grid No.2) is normally connected to the cathode at 
socket. It may, however, be used as a control electrode because the control 
characteristic of grid No. 1 may be shifted by varying the potential of grid 
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No.2. As grid No.2 is made negative, the grid-No.1 characteristic is shifted 
in the positive direction. The use of grid No.2 as the control electrode (with 
grid No.1 connected to cathode at socket) has the advantage of increased 
sensitivity but consideration must be given to the higher preconduction cur
rent, higher capacitance to anode, and less stability of operation. 

A grid-No. 1 resistor having a value as high as 10 megohms to give 
circuit sensitivity can be used with the 2050-A because its control-grid cur
rent is very low. However, when a high value of grid resistor is used, care 
should be taken to keep the tube base and socket clean and dry in order to 
make the effect of leakage currents between the control-grid base pin and 
anode base pin very small. 

Sufficient anode-circuit resistance, including the tube load, must be used 
under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

2076/5R4GB Refer to chart at end of section. 

2076/5R4GYB For replacement use type 2076/5R4GB. 

2081/6AW8A Refer to chart at end of 

2082/12AY7 Refer to chart at end of 

5636 Refer to chart at end of 

5639 Refer to chart at end of 

5642 Refer to chart at end of 

5651A VOLTAGE·REFERENCE TUBE 
INDUSTRIAL 

TYPE 

Miniature type cold-cathode, glow-discharge voltage
reference tube for use in dc power supplies. Outlines 

section. 

section. 

section. 

section. 

section. 

section, 5C; requires miniature 7-contact socket. 5BO 

MAXIMUM RATINGS (Absolute-Maximum Values) 
DC Operating Current (Continuous) ........................... . 
DC Operating Current (Continuous) ........................... . 
Ambient Temperature Range ................................ . 

CHARACTERISTICS AND OPERATION RANGE VALUES 

DC Sta,·ting Voltage ............................. . 
DC Operating Voltage (Variation from tube to tube): 

At 1.5 rnA ................................... . 
At 2.5 rnA ................................... . 
At 3.5 rnA ................................... . 

Regulation (1.5 rnA to 3.5 rnA) ................... . 
Temperature coefficient of Operating Voltage (over 

ambient temperature range of -55 to 90·C) 
Percentage Val'iation of Operating Voltage:8 

During first 300 hours of lif.,. ............... . 
During subsequent 1000 hours of life ......... . 

Short-term (100 hours) 
Variation of Operating Voltage after first 300 

hours of life8 ............................... . 
Instantaneous Voltage 

Fluctuation (Voltage jump)t ................... . 

CIRCUIT VALUES 
Shunt Capacitor . 
Series Resistor 

Min. Av. 
107 

83 85 
83.5 85.5 
84.5 86.5 

-4 

:j: 

3.5 
1.6 

-55 to 90 

Max. 
115· 

87 
87.5 
88.5 

3 

0.1 
0.1 

0.05 

0.1 

0.02 

Ie 

rnA 
rnA 
·C 

volts 

volts 
volts 
volts 
volts 

mVrc 
per cent 
per cent 

per cent 

volt 

/LF 
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• A de supply voltage of 115 volts minimum should be provided to insure "starting" through-
out tube life . 

• DC operating current = 2.5 rnA . 
• After initial 3-minute warm-up period. 
t Defined as the maximum instantaneous voltage fluctuation at any current level within the 

operating current range. 
:~ A series resistor must always be used with the 5651A. The resistance value must be chosen 

so that (1) the maximum current rating of 3.5 rnA is not exceeded at the highest anode
supply voltage employed, and (2) the minimum current rating of 1.5 rnA is always exceeded 
when the anode-supply voltage is at its lowest value. 

Installation and Application 
Make no connection to pins 3 and 6. Any potentials applied to these pins 

may cause erratic tube performance. The three pin terminals for the cathode 
(pins 2, 4, and 7) and the two for the anode (pins 1 and 5) offer the equip
ment designer several different possibilities for connection of the 5651A. 
Any pair of interconnected pins can be used as a jumper connection to a 
circuit common to either the cathode or to the anode. The use of such a 
jumper connection provides a means for opening the circuit to protect cir
cuit components when the 5651A is removed from its socket. Under no cir
cumstances should the current through any pair of interconnected pins exceed 
one ampere. 

If the load for the regulated power supply is disconnected either directly 
or by removing the 5651A from its socket, the rectifier capacitors will charge 
to the rectifier peak voltage. It is important, therefore, that these capacitors 
be rated to withstand such voltage. 

A warm-up period of 3 minutes should be allowed each time the equip
ment is turned on to insure minimum voltage drift of the 5651A. 

When a shunt capacitor is used with the 5651A, its value should be 
limited to 0.02 ,uF. A large value of capacitance may cause the tube to oscil
late and thus give unstable performance. 

Shielding should be utilized for the 5651A to insure maximum stability 
when the tube is operated in the presence of strong rf or magnetic fields. 

Refer to chart at end of section. 5651WA 

H 3 b Gz SHARP-CUTOFF PENTODE 5654 
K --- K 

INDUSTRIAL 
TYPE 

~
4 5P 

G3 Z 7 G3 
IS IS 

GI' 

7BD 

Miniature type sharp-cutoff pentode used in RF and 
IF broad-band applications at frequencies up to 400 
mHz. Outlines section, 5B; requires miniature 7-contact 
socket. 

Heater Voltage (ac/dc) ........ . 
Heater Current ...... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Direct Interelectrode Capacitances:4 

Grid No.1 to Plate 
Input ............ . ........... . 
Output .......... . 

... With external shield. 

Class A, Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage .. . .. 
Grid-No.2 (Screen) Voltage 

6.:l ±10',k) volts 
0.175 ampere 

±100 volts 

0.020 max. pF 
4.0 pF 

2.85 pF 

200 
155 

volts 
volts 

/ 
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Plate Dissipation ............................................... . 
Grid-No.2 Input ............................................... . 
Cathode Current .......................................... . 

TYPICAL OPERATION ANO CHARACTERISTICS 
Plate Voltage ........................................... . 
Grid-No.2 Voltage ...................................... . 
Cathode-Bias Resistor ................................... . 
Plate Resistance (Approx.) ............................. . 
Transconductance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . 
Plate Current .... . ..................................... . 

g~it~:::~ ~~l::: (Appr~;"·.i· fo~· pl';'t~ ·~';~':~';t ·;'i ·ili ·~A·:: 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

120 
120 
180 
0.30 

5000 
7.5 
2.5 

-8.5 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 
Vibrational Acceleration 

HEATER CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation 

5654W Refer to chart at end of 

5654!6AK5W! 
Refer to chart at end of 6096 

5663 Refer to chart at end of 

5670 Refer to chart at end of 

1.85 
0.65 

20 

180 
120 
180 
0.60 

5100 
7.7 
2.4 

-8.5 

0.5 

600 max. 

2.5 max. 

2000 min. 

section. 

section. 

section. 

section. 

5670WA Refer to chart at end of section. 

5672 Refer to chart at end of 

5678 Refer to chart at end of 

5686 Refer to chart at end of 

5687 Refer to chart at end of 

5691 Refer to chart at end of 

5692 Refer to chart at end of 

5693 Refer. to chart at end of 

5696 THYRATRON 
INDUSTRIAL 

TYPE 

Miniature type gas-tetrode thyratron for use in counter
circuit relay applications. Outlines section, 5B; requires 

section. 

section. 

section. 

section. 

section. 

section. 

section. 

miniature 7-contact socket. 7BN 

watts 
watt 
mA 

volts 
volts 
ohms 

megohm 
"mhos 

mA 
mA 

volts 

megohm 

g 

g 

cycles 

Heater Voltage (ac/dc) .......................................... 6.3 volts 
Heater Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.150 ampere 
Heater-Cathode Voltage: 

Peak ....................................................... +26, -100 volts 
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Cathode: 
Minimum Heating Time, prior to tube conduction ........... . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Anode ........................................ . 
Input .. . ................................. . 
Output ..................................................... . 

Ionization Time (Approx.): 
For conditions: dc anode volts == 100; grid-No.1 square-pulse 

volts == + 50; peak cathode amperes during conduction 
== ~IW .................................................. . 

Deionization Time (Approx.): 
For conditions: dc anode volts == 500; grid-No.1 volts == -100, 

grid-No.1 resistor (ohms) == 1000; dc cathode amperes 
==~m ................................................. . 

For conditions: dc anode volts == 500; grid-No.1 volts == -13; 
grid-No.1 resistor (ohms) 1000; dc cathode amperes 
== 0.025 ................................................. . 

Maximum Critical Grid-No.1 Current, with ac anode-supply volts 
(rms) == 350, and average cathode amperes == 0.025 . 

Anode Voltage Drop (Ap'prox.) ................................. . 
Grid-No.1 Control Ratio (Approx.) with grid-No.1 resistor (meg-

ohms) == 0; grid-No.2 volts == 0 ............................. . 
Grid-No.2 Control Ratio (Approx.) with grid-No.1 volts == 0, grid-

No.2 resistor (ohms) == 0 ................................... . 

10 

0.03 
1.8 

0.54 

0.5 

25 

40 

0.5 
10 

250 

15 

Relay and Grid-ContrOlled Rectifier Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward ................................. . 
Inverse .................................................... . 

Grid-No.2 I Shield-Grid) Voltage: 
Peak, before anode conduction " _ .......................... . 
Average. during anode conduction- ......................... . 

Grid-No.1 (Control-Grid) Voltage: 
Peak, before anode conduction 
Average, during anode conduction- ......................... . 

Cathode Current: 
Peak ....................................................... . 
Average- .................................................. . 
Surge, for duration of 0.1 sec. max. . ................... . 

Grid-No.2 Current: 
Average- .................................................. . 

Grid-No.1 Current: 
Average- .................................................. . 

Ambient Temperature Range ................................... . 

.. x 
~4oo 
I 

III 
~ 
~ 300 
III 

!J g 200 

O~ 
100 

:t 
~ 

TYPE 5696 
GRID-No.2 (SHIELD) VOLTS =0 
RANGES SHOWN ARE FOR TWO VALUES OF 
GRID RESISTOR-O.! MEt. AND 10 MEG.-AND 
TAKE INTO ACCOUNT INITIAL DIFFERENCES 
BETWEEN INDIVIDUAL TUBES a SUB-
SEQUENT DIFFERENCES DURING TUBE 
LIFE, FOR A HEATER-VOLTAGE RANGE OF 
5.7 TO 6.9 VOLTS AND FOR AN AMBIENT 
TEMPERATURE RANGE OF -55 TO +90·C 

RANGE FOR RANGE FOR 
10 MEGOHMS 0.1 MEGOHM 
r----r-.::::.::.=---:..---:.."l.i-, 
I I I \ " \ \ 

" ." \\ " " 
" ~ \~ " 
"~ ~ 

-6 -5 -4 -3 -2 -I 0 

DC GRID-No. I SUPPLY VOLTS 
92CM-704'T 

500 
500 

-50 
-10 

-100 
-10 

100 
25 

2 

5 

5 
-55 to +90 

467 

seconds 

pF 
pF 
pF 

p.s 

p.s 

p.s 

p.A 
volts 

volts 
volts 

volts 
volts 

volts 
volts 

rnA 
rnA 

amperes 

rnA 

mA 
·C 
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TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 
RMS. Anode Voltage ............................................ . 
Grid No.2 ............................................ Connected to 
RMS Grid-No.1 Bias VoltageO ................................. . 
Peak Grid-No.1 Signal Voltage ................................. . 
Grid-No.1-Circuit Resistance ................................... . 
Anode-Circuit Resistance# ..................................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No. I-Circuit Resistance ................................... . 

• Averaged over any interval of 30 sec. max. 

117 
cathode 

5 
6 

0.1 
6000 

10 

volts 
at socket 

volts 
volts 

megohm 
ohms 

megohms 

o Approximately 180' out of phase with the anode voltage. 
# Sufficient resistance, including the tube load, must be used under any conditions of opera

tion to prevent exceeding the current ratings. 

5696A 

5718 

5719 

5725 

5725/6AS6W 

5726 

5726/6AL5W 

5726/ 6AL5W / 
6097 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5727 GAS THYRATRON 
INDUSTRIAL 

TYPE 
Miniature type "Premium" gas-tetrode thyratron for 
use in relay, grid-controlled rectifier and pulse-modu
lator applications. Outlines section, 5C; requires minia
ture 7-contact socket. 

Heater Voltage (acldc) ........................................ . 
Heater Current ................................................ . 
Cathode: 

Minimum heating time prior to tube conduction ............. . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to anode ......................................... . 
Grid No.1 to cathode, grid No.2, and heater ................. . 
Anode to cathode, grid No.2, and heater ..................... . 

Ionization Time (Approx.): 
For dc anode volts = 100, grid-No.1 volts (square-wave pulse) = 60, peak anode amperes during conduction = 0.5 ....... . 

Deionization Time (Approx.): 
For dc anode volts = 125, dc anode amperes = 0.1, grid-No.1 

resistor (ohms) = 1000, and grid-No.1 volts = -100 ....... . 
For dc anode volts = 125, dc anode amperes = 0.1, grid-No.1 

resistor (ohms) = 1000, and grid-No.1 volts = -100 ..... . 
Maximum Critical Grid-No.1 Current: 

For anode-supply volts (rms) = 460, and average anode amperes = 0.1 .................................................... . 
Anode Voltage Drop (Approx.) ................................. . 
Grid-No.1 Control Ratio (Approx.) with grid-No.1 resistor (meg-

ohms) = 0, grid-No.2 volts = 0 ............................. . 
Grid-No.2 Control Ratio (Approx.) with grid-No.1 resistor (meg

ohms) = 0, grid-No.2 resistor (megohms) = 0, grid-No.1 volts 
:=: 0 ....................................................... . 

7BN 
6.3 ±10% 
0.6 

20 

0.026 
2.4 
1.6 

0.5 

35 

75 

0.5 
8 

250 

1000 

volts 
ampere 

seconds 

pF 
pF 
pF 

p.s 

p.s 

J1.S 

p.A 
volts 
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Relay and Grid-Controlled Rectifier Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For anode-supply frequency of 60 Hz 
Peak Anode Voltage: 

Forward . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . 650 
Inverse ................................. .. ................. 1300 

Grid-No.2 (Shield-Grid) Voltage: 
Peak, before tube conduction ................................ -100 
Average-, during tube conduction ............................ -10 

Grid-No.1 (Control-Grid) Voltage: 
Peak, before tube conduction ................................ -100 
Average-, during tube conduction ........................... -10 

Ca thode Current: 
Peak .. ............................. 0.5 
Average- ............................... .................. 0.1 
Fault, for duration of 0.1 second max. ............... 10 

Grid-No.2 Current: 
Average- ........................................... 10 

Grid-No.1 Current: 
Average- ................................................... 10 

Heater-Cathode Voltage: 
Peak ..................................... . +25, -100 

Bulb Temperature (At hottest point on bulb surface) ............ 150 
Ambient Temperature ........................................... -75 

TYPICAL OPERATION FOR RELAY SERVICE 
RMS Anode Voltage 
Grid-No.2 Voltage ................. . 
RMS Grid-No.1 Bias VoltageO .•... 
DC Grid-No.1 Bias Voltage ... 
Peak Grid-No.1 Signal Voltage 
Grid-No.I-Circuit Resistance . 
Anode-Circuit Resistance# ... 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance 

Pulse-Modulated Service 

117 400 
0 0 
5 

-6 
5 6 
1 1 

1200 2000 

10 

469 

volts 
volts 

volts 
volts 

volts 
volts 

ampere 
ampere 

amperes 

rnA 

rnA 

volts 
·C 
·C 

volts 
volts 
volts 
volts 
volts 

megohm 
ohms 

megohms 

For rectangular-wave shapes, duty cycle of 0.001 max., pulse duration of 5 p.s max., 
and pulse-repetition rate of 500 pps max. 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward ....................................... . 
Inverse ........... . .................................. . 

Grid-No.2 (Shield-Grid) Voltage: 
Peak. before tube conduction .... 
Average. during tube conduction 

Grid-No.1 (Control-Grid) Voltage: 
Peak, before tube conduction ... 
Average, during tube conduction 

Cathode Current: 
Peak............ . .......... . 
Average ........... . 
Rate of change .. . ............................ . 

Peak Grid-No.2 Current ....... . 
Peak Grid-No.1 Current .... . 
Heater-Cathode Voltage: 

Peak ........................................ . 
Bulb Temperature (At hottest point. on bulb sudace) 
Ambient Temperature 

MAXIMUM CIRCUIT VALUES 
Grid-No.I-Circuit Resistance 
Grid-No.2-Circuit Resistance 

• For pulse-modulator service. tolerance is +10%. -5% . 
• Averaged over any interval of 30 seconds maximum. ° Approximately 180· out of phase with the anode voltage. 

600 
100 

-50 
-10 

-100 
-10 

10 
10 

100 
20 
20 

±O 
150 

-7. 

0.5 
{25000 max. 

2000 min . 

volts 
volts 

volts 
volts 

volts 
volts 

amperes 
rnA 

A/p.s 
rnA 
rnA 

volt 
·C 
·C 

megohm 
ohms 
ohms 

:# Sufficient resistance, ineluding the tube load, must be used under any conditions of opera
tion to vrevent exceeding the current ratings. 
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Special Ratings and Performance Data 
SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 
Vibrational Acceleration 

HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation ....... . 

Operating Considerations 

750 max. 

2.5 max. g 

2000 min. cycles 

Sufficient anode-circuit resistance, including the tube load, must be used 
under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

Curve shown under type 2D21 also applies to type 5727 

5734 Refer to chart at end of section_ 

5749 Refer to chart at end of section. 

5749/6BA6W Refer to chart at end of section. 

5750 Refer to chart at end of section. 

5751 HIGH-MU TWIN TRIODE 
INDUSTRIAL 

TYPE 

Miniature type "Premium" high-mu twin triode used 
as a phase inverter and as a high gain amplifier in 
industrial control devices. Outlines section, 6B; requires 
miniature 9-contact socket. 

Heater Arrangement: 
Heater Voltage (ac/dc) ................... . 

Heater Current ............................... . 
Heater-Cathode Voltage: 

Series 
12.6 ±10% 

0.175 

Peak ...................................................... . 

Class Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative-bias value ............. : .......................... . 
Positive-bias value ......................................... . 

Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point on bulb surface) ............. . 

CHARACTERISTICS 
Plate Voltage ........................................... . 
Grid Voltage ............................................ . 
Amplification Factor .................................... . 
Plate Resistance ........................................ . 
Transconductance , ..................................... . 
Plate Current 

100 
-1 

70 
58000 

1200 
0.9 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration 

9A 

Parallel 
6.3 ±10% 

0.350 

±100 max. 

330 

55 
o 

0.8 
165 

250 
-3 

70 
58000 

1200 
1.0 

600 max. 

volts 
ampere 

volts 

volts 

volts 
volt 

watt 
·C 

volts 
volts 

ohms 
/Lmhos 

mA 

g 



TECHNICAL DATA 

FATIGUE RATING 

Vibrational Acceleration 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage 

HEATER-CYCLING LIFE PERFORMANCE 

Cycles of Intermittent Operation 

TYPE 5751 
EACH UNIT 

5t---t--i-
In 
W :5 4f--+--
a.. 

~ 3 
.J 
.J 
:l: 2f--+-/---jL-IhH+-j,l~ 

w 
f
<I 
.J 
a.. 

200 
PLATE VOLTS 

Refer to chart at end of section_ 

92CM-7948T 

VHF BEAM POWER TUBE 

471 

2.5 max. g 

100 max. mV 

2000 min. cycles 

5751WA 

5763 
INDUSTRIAL 

TYPE 

9K 

Miniature type VHF beam power amplifier for use in 
low-power mobile transmitters and the low-power stages 
of larger fixed station transmitters. Outlines section, 
6E; requires miniature 9-contact socket. 

Heater Voltage (ae/de) 
Heater Current 
Heater-Cathode Voltage: 

Peak 
Transconductance for plate current of 45 rnA 
Mu.Factor, Grid No.2 to Grid No.1 
Direct Intcrelectrode Capacitances: 

Grid No.1 to Plate 
Input 
Output 

6.0 ±10'/o volts 
0.75 ampere 

±100 max. volts 
7000 /tmhos 

16 

0.3 max pF 
9.5 pF 
4.5 pF 

Plate-Modulated RF Power Amplifier-Class C Telephony 
Carrier conditions per tube for use with a max. modulation factor of 1.0 

ccs- ICAS--
MAXIMUM RATINGS (Absolute-Maximum Values) 

DC PIa te Voltage 
DC Grid-No.3 (Suppressor) Voltage 
DC Grid-No.2 (Screen) Voltage 
DC Grid-No.1 (Control-Grid) Voltage 
DC Plate Current 
DC Grid-No.2 Current 
DC Grid-No.1 Current 
Plate Input 
Grid-No.2 Input 
Plate Dissipaton 
Bulb Temperature (At hottest point on bulb surface) 

250 
o 

250 
·--·125 

40 
15 

5 
10 
1.5 

8 
250 

300 
o 

250 
-125 

50 
15 

5 
15 
1.5 
12 

250 

volts 
volts 
volts 
volts 

mA 
mA 
rnA 

watts 
watts 
watt. 

·C 
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TYPICAL OPERATION UP TO 30 MHz 
DC Plate Voltage ....................................... . 260 300 
Grid No.3 .............................................. . Connected to cathode at socket 
DC Grid-No.2 Voltaget .................................. . 250 250 volts 
DC Grid-No.1 Voltage* .................................. . -39 -42.5 volts 

From a grid resistor of ............................. . 39000 18000 ohms 
Peak RF Grid-No.1 Voltage ............................. . 46.6 53.5 volts 
DC Plate Current ....................................... . 40 60 mA 
DC Grid-No.2 Current ................................... . 6.6 6 mA 
DC Grid-No.1 Current (Approx.) ......................... . 1 2.4 mA 
Driving Power (Approx.) ............................... . 0.06 0.15 watt 
Useful Power Output (Approx.) ......................... . 6.4- 10- watts 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 0.1 0.1 megohm 

RF Power Amplifier & Oscillator-Class C TelegraphyD 
and 

RF Power Amplifier-Class C FM Telephony 
MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage ....................................... . 
DC Grid-No.3 (Suppressor) Voltage ..................... . 
DC Grid-No.2 (Screen) Voltage .......................... . 
DC Grid-No.1 (Control-Grid) Voltage ..................... . 
DC Plate Current ....................................... . 
DC Grid-No.2 Current ................................... . 
DC Grid-No.1 Current ................................... . 
Plate Input ............................................. . 
Grid-No.2 Input ......................................... . 
Plate Dissipation ........................................ . 
Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION UP TO 30 MHz 
DC Plate Voltsge ....................................... . 
Grid No.3 ............................................... . 
DC Grid-No.2 Voltage ................................... . 
DC Grid-No.1 VoltageEll ................................. . 

From a grid resistor of ............................. . 
Peak RF Grid-No.1 Voltage ........ " .................. , .. . 
DC Plate Current ....................................... . 
DC Grid-No.2 Current ................................... . 
DC Grid-No.1 Current (Approx.) ........................ . 
Driving Power (Approx.) ............................... . 
Useful Power Output (Approx.) .. . .......... : ......... . 

TYPICAL OPERATION AT 50 MHz 
DC Plate Voltage ....................................... . 
Grid No.3 ............................................... . 
DC Grid-No.2 Voltage ................................... . 
DC Grid-No.1 VoltageElf •••••••••••••••••••••••••••••••••• 

From a grid resistor of ............................. . 
Peak RF Grid-No.1 Voltage ............................. . 
DC Plate Current ....................................... . 
DC Grid-No.2 Current ................................... . 
DC Grid-No.1 Current (Approx.) ....................... . 
Driving Power (Approx.) ............................... . 
Useful Power Output (Approx.) ......................... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance 

Frequency Multiplier 

MAXIMUM CCS. RATINGS (Absolute-Maximum Values) 

CCS· 
300 

o 
260 

-126 
60 
16 

6 
15 

2 
12 

250 

ICAS.· 
360 

o 
260 

-126 
60 
16 

6 
17 

2 
13.6 
260 

volts 
volts 
volts 
volts 
mA 
mA 
mA 

watts 
watts 
watts 

·C 

300 350 volts 
Connected to cathode at socket 

250 250 volts 
-28.6 -28.5 volts 
18000 18000 ohms 

37.5 37 volts 
50 48.5 mA 
6.6 6.2 mA 
1.6 1.6 mA 
0.1 0.1 watts 

10.3- 12- watts 

300 volts 
Connected to cathode at socket 

250 volts 
~O volts 

22000 ohms 
80 volts 
60 mA 

5 mA 
3 mA 

0.35 watt 
7- watts 

0.1 0.1 megohm 

DC Plate Voltage ............................................... . 300 
o 

250 
-125 

50 
15 

5 
15 

2 
12 

250 

volts 
volts 
volts 
volts 

DC Grid-No.3 (Suppressor) Voltage ............................. . 
DC Grid-No.2 (Screen) Voltage ................................. . 
DC Grid-No.1 (Control-Grid) Voltage ........................... . 
DC Plate Current ............................................. . 
DC Grid-No.2 Current .......................................... . 
DC Grid-No.1 Current .......................................... . 
Plate Input ................................................... . 
Grid-No.2 Input ............................................. . 
Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point on bulb surface) 

mA 
mA 
mA 

watts 
watts 
watts 

·C 
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13 300 TYPE 5763 a: 
w 
D.. 

:tCI ) ~115 GRI0·No.2 VOLTS "25G 

~ 250 
:J 

\' GRI0·No.3 VOLTS"O 

...J 

:E ZOO 

! 
N 150 

~ 
o 100 

:tC2" ~ +. p.-=:: -+15 
ECI"+IO 

" -- --- +5 
l. -....... --::::-:- +5 

\ ~ Es.:?_ 1i+_GRIO-NO.I I/OLTS 

ffi "\ ~r:::f£CI"+15 
.~~IC-: ECI"+IO 

:tb ~ 
!5 50 
-:c 

~ 

~ 
z:....,. - -7.~ -=iO 

!:! -- +5 0-1'"---
w 
~ o 50 100 150 200 250 
...J 
D.. 

TYPICAL OPERATION 

PLATE VOLTS 

DC Plate Voltage ..................................... . 
Grid No.3 ..................................... . 
DC Grid-No.2 Voltage ....................... . 
DC Grid-No.1 Voltage$ ............. . 

From grid resistor of ... . .................. . 
Peak RF Grid-No.1 Voltage .................... . 
DC Plate Current ........... . ........................ . 
DC Grid-No.2 Current ................................... . 
DC Grid-No.1 Current (Approx.) .............. . 
Driving Power (Approx.) ................ . 
Useful Power Output (Approx.) 

-15 

300 350 

92CM-7160TI 

Doubler Tripier 
to 175 MHz to 175 MHz 

300 300 volts 
Connected to cathode at socket 

... ... volts 
-75 -100 volts 

75000 100000 ohms 
95 120 volts 
40 35 triA 
4 5 rnA 
1 1 rnA 

0.6 0.6 watt 
2.1- 1.3- watts 

MAXIMUM CIRCUIT VALUE (For maximum rated conditions) 
Grid-No.1-Circuit Resistance 0.1 0.1 megohm 
t Obtained preferably from a separate source modulated with the plate supply. or from the 

modulated plate supply through a series resistor. * Obtained from grid-No.1 resistor or from a combination of grid-No.1 resistor wit:l either 
fixed supply or cathode resistor. 

o Key down conditions per tube without amplitude modulation. Modulation essentially nega
tive may be used if the positive peak of the audio-frequency envelope does not exceed 115(/~ 
of the carrier conditions. 

ED Obtained from a fixed supply. or by a grid-No.1 resistor of value shown. 
• This value of useful power is measured at load of output circuit. 
• Continuous Commercial Service . 
•• Intermittent Commercial and Amateur Service. 
• Obtained from plate supply of 300 volts through a series resistor of 12500 ohms. 

Refer to chart at end of section. 5783 

MEDIUM-MU TWIN TRIODE 5814A 
INDUSTRIAL 

TYPE 

9A 

Miniature type "Premium" medium-mu twin triode 
used in a wide variety of applications including mixers, 
oscillators, multi vibrators and synchronizing amplifiers 
in industrial control equipment. Outlines section, 6B; 
requires miniature 9-contact socket. 

Heater Arrangement 
Heater Voltage (ac/dc) 
Heater Current ... 

Heater-Cathode Voltage: 
Peak value ................ . 

Direct Interelectrode Capacitances (Approx.) 
Grid to Plate .............. . 
Grid to Cathode and Heater 
Plate to Cathode and Heater 

Series 
12.6 ±10'1o 

0.175 

Parallel 
6.3 ±10% 

0.350 

±lOO max ±lOO max 
Unit No.1 Unit No.2 

1.5 1.5 
1.6 1.6 
0.5 0.4 

volts 
ampere 

volts 

pF 
pF 
pF 
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Class A, Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Cathode Current ................................................ . 
Plate Dissipation: 

Each Plate ................................................ . 
Both Plates (Both units operating) ......................... . 

Bulb Temperature (At hottest point on bulb surface) ....... . 

CHARACTERISTICS 
Plate Voltage ............................................ 100 
Grid Voltage ............................................. 0 
Amplification Factor. .. ............ ...... ............. . .. . 19.5 
Plate Resistance (Approx.) .............................. 6250 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3100 
Plate Current ............................................ 11.8 
Grid Voltage (Approx.) for plate current of 10 p.A 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode ... bias operation ................................. . 

'" l!1 

TYPE 5814A 
EACH UNIT 

~40r---+----r~-+--~r---+---~--'-4 
~ 
:i 30 
2 ... 
!;: 20 
...J a. 

92CS-IO~48T 

TYPICAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER 

SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 

See RESISTANCE-COUPLED AMPLIFIER CHART 
type 12AU7A conditions 

Special Ratings & Performance Data 

Vibrational Acceleration ........................................ . 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage ........................................... . 

HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation ............................... . 

AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 
RMS Output Voltage ........................ . 

330 volts 
22 rnA 

3.0 watts 
6.0 watts 

165 ·C 

250 volts 
-8.5 volts 

17 
7700 ohms 
2200 p.mhos 
10.5 mA 
-22 volts 

0.25 megohm 
1 megohm 

600 max. g 

2.5 max. g 

100 max. mV 

2000 min. cycles 

100 max. mV 

5814WA Refer to chart at end of section. 
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4 5 
GLOW-DISCHARGE TRIODE 5823 

3 • INDUSTRIAL 
K IC TYPE ~

STR IC 

• 
Ie 2 7 K 

I 
p 

4CK 

Miniature type, cold-cathode, glow discharge triode for 
use primarily as a relay control tube in "on-oft''' low 
current electrical circuits. Outlines section, 5C; re
quires miniature 7-contact socket. 

MAXIMUM RATINGS'" (Absolute·Maximum Values) 
For First-Quadrant Operation Only 

Peak Anode and Starter·Electrode Voltage: 
Inverse ........... ' 
Forward ... . ........ . 

Cathode Current: 
Peak .. ' .......... . 
Average'" ..................... . 

Peak Starter-Electrode Current: 
With starter-electrode voltage positive 

Ambient Temperature ............. . 

TYPICAL OPERATING CONDITIONS 
For Relay Service with 60-Hz Supply 

AC Anode Supply Voltage (RMS) .............. . 
AC Starter-Electrode Voltage: 

Max. Peak Positive Pre-Firing Voltage 
Min. Peak Positive Triggering Voltage .............. . 
.Min. Firing Voltage (Sum of In~Phase Instantaneous Pre-Firing 

Voltage and Instantaneous Triggering Voltage) 

200 
200 

100 
25 

100 
-60 to +75 

117 

70 
35 

105 

volts 
volts 

rnA 
rnA 

rnA 
·C 

volts 

volts 
volts 

volts 
.... These ratings apply to the 5823 when it is operated from a power supply having a fre

quency of 60 Hz. 
• Averaged over any interval of 15 seconds max. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

H 

SHARP-CUTOFF PENTODE 

5824 

5840 

5840W 

5842/417A 

5844 

5847/404A 

5879 

SAD 

Miniature type used as audio amplifier in the input 
stages of medium-gain public-address systems, home 
sound recorders, and audio systems. Outlines section, 
6B; requires miniature 9-contact socket. For operation 
as resistance-coupled amplifier, refer to Resistance
Coupled Amplifier section. 

Heater Voltage (aclde) ....................................... . 
Heater Current ... .. ...... . ............................... . 
Peak Heater-Cathode Voltage ................................. . 
Direct Interelectrode Capacitances: 

Pentode Connection: 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ....... . 

Triode Connection III : 

Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode and Heater ........................... . 
Plate to Cathode and Heater ......... . ................... . 

• Grid No.2 and grid No.3 connected to plate. 

6.3 
0.15 

±100 max 

0.11 max 
2.7 
2.4 

1.4 
1.4 

0.85 

volts 
ampere 

volts 

pF 
pF 
pF 

pF 
pF 
pF 
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Class A, Amplifier 
'l'riode Pentode 

MAXIMUM RATINGS (Design-Maximum Values) Connection * Conneetion 
Plate Voltage ......................... . 
Grid-No.2 (Screen-Grid) Voltage ....... . 
Grid-No.2 Supply Voltage ............. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ............... . 
Positive-bias value ................. . 

Plate Dissipation ...................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts 
For grid-No.2 voltages between 165 

and 300 volts ................... . 
CHARACTERISTICS 
Plate Voltage ......................... . 
Grid No.3 ............................. . 
Grid-No.2 Voltage .................... . 
Grid-No.1 Voltage .................... . 
Amplification Factor .................. . 
Plate Resistance (Approx.) ........... . 
Transconductance ...................... . 
Plate Current ......................... . 
Grid-No.2 Current ..................... . 
Grid-No.1 Voltage (Approx.) for plate 

current of 10 /LA •.•................ 

MAXIMUM CIRCUIT VALUE 

100 

-3 
21 

0.017 
1240 

2.2 

275 880 volts 
See curve page 300 

880 volt, 

55 55 volts 
0 0 volts 

1.7 1.25 watts 

0.25 watt 
See curve page 300 

250 250 volts 
- Connected to cathode at socket 

100 volts 
-8 -8 volts 

21 
0.0137 

1580 
5.5 

2 
1000 

1.8 
0.4 

-8 

megohms 
/Lmhos 

mA 
mA 

volts 

Grid-No.l-Circuit Resistance ................................... . 2.2 megohms 

• Grid No.2 and grid No.3 connected to plate. 

14.--r--r--r--r-T-YP-E-5-8~7-9-------' 

121---t---+ 

TYPE 5879 GRID-No. 2 VOLTS=IOO 
PENTODE CONNECTION GRID-No. 3 VOLTS=O 

!!l 
15 10 

TRIODE CONNECTION 
RIDS No. 2 a No.3 
ONNECTED TO 

-I--HY'r-I--::I-7" PLATE 
Ib/ 

r 
.,.... 

-0.5 l 
ECI= 1.0- I--

IL 

='i 8 

:3 ~ It. 

-1.5 I--
-2.0 

i 6 
lIJ ~C2 GRID-No.1 VOLTS EC --2.5 

~ 4 -3.0· 
.J 
0.. /' - -- ·ECj;O 14.0 Ib 

I 
I -l5.0 t' 

-6.0 

o 100 200 300 400 

5881 

5896 

5899 

5902 

5915 

5963 
INDUSTRIAL 

TYPE 

92CS-7446T PLATE VOLTS 92CS-74l19T 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

Miniature type medium-mu twin triode used for "on-off" 
control applications involving long periods of operation 
under cutoff conditions. Outlines section, 6B; requires 
miniature 9-contact socket. SA 



TECHNICAL DATA 

Heater Arrangement 
Heater Voltage (acldc) 
Heater Current .................. . 

Heater-Cathode Voltage: 
Peak value ............................... . 

Series 
12.6 ±100/0 
0.15 

±90max. 

Parallel 
6.3 ±100/0 

0.30 

±90max. 
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2 

Grid to Plate ........................................ 1.5 1.5 
Grid to Cathode and Heater .......................... 1.9 1.9 
Plate to Cathode and Heater .......................... 0.5 0.35 
Grid of Unit No.1 to grid of Unit No.2 ................ 0.1 max. 

Frequency Divider in Computer Service 
and "On-Off" Control Service 

Values are for Each Unit 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage ......... . ................................ . 
Grid Voltage: 

Negative bias value ..................... . 
Positive bias value . . ................................. . 
Peak negative value ......................... , .. 

Plate Dissipation .......................................... . 
Grid Input ..................................................... . 
Cathode Current: 

Peak ............................................. . 
DC ........................................................ . 

Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION AS FREQUENCY HALFER 

Plate-Supply Voltage ............ . 
Grid Voltage ........................... . 
Plate-Circuit Resistance ................................. . 
Grid-Circuit Resistance .................... . 
Plate Current ....... . . . . . .. . ............... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

Cutoff 
Condition 

150 
-15 

20000 
47000 

o 

Class Ai Amplier (Each Unit) 

CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid Voltage ............... . 
Amplification Factor ...... . 
Plate Resistance (Approx.) 
Transconductance 
Plate Current . 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 

250 

100 
0 

200 
2.5 
0.5 

100 
20 

±90 max. 
120 

Zero-Bias 
Condition 

150 
o 

20000 
47000 

5.1 

0.5 
1 

67.5 
o 

21 
6600 
3200 

8.5 

5964 

5965 

477 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 

volts 

volts 
volt 

volts 
watts 
watt 
mA 
mA 

volts 
'C 

volts 
volts 
ohms 
ohms 

mA 

megohm 
megohm 

volts 
volts 

ohms 
I'mhos 

mA 

INDUSTRIAL 

9A 

TYPE 

Miniature type medium-mu twin triode used for "on-off" 
control applications involving long periods of operation 
under cutoff conditions. Outlines section, 6B; requires 
miniature 9-contact socket. 

Heater Arrangement 
Heater Voltage (ac/dc) 
Heater Current ... 

Series 
12.6 ±100/0 

0.225 

Parallel 
6.3 ±100/0 

0.45 
volts 

ampere 
Heater-Cathode Voltage: 

Peak value ... 
Average value 

±200 max. 
±100 max. 

±200 max. 
±100 max. 

volts 
volts 
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Direct Interelectrode Capacitances (Approx.) Unit No.1 Unit No.2 
Grid to Plate ............................... . 3.0 3.0 pF 

pF 
pF 
pF 

Grid to Cathode and Heater ......................... . 3.8 3.8 
Plate to Cathode and Heater ....................... . 0.5 0.38 
Plate of Unit No.1 to plate of Unit No.2 ....... . 

Frequency Divider In Computer Service 
and "On-Off" Control Service 

Values are for Each Unit 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative bias value : ....................................... . 
Plate Dissipation ............................................... . 

Total for both units ....................................... . 
DC Cathode Current ............................................ . 
Bulb Temperature (At hottest point on bulb surface) 

TYPICAL OPERATION IN COMPUTER SERVICE 

0.5 

330 

150 
2.4 
4.4 

16.5 
165 

volts 

volts 
watts 
watts 

mA 
·C 

Plate Supply Voltage .................................... . 
Plate Load Resistor ..................................... . 

Cutoff 
Condition 

150 
7200 

Conduction 
Condition 

150 
7200 

volts 
ohms 

mA 
1 volt 

volts 

Plate Current ........................................... . 
Grid Voltage (Approx.) for grid current of 140 /LA ....... . 
Grid Voltage (Approx.) for plate current of 150 /LA ....... . 
Difference in Grid Voltage Between Units (For plate current 

of 150 /LA per unit) ................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

-5.5 

1.5 

For fixed-bias operation .................................... . 
For cathode-bias operation ........................ " ....... . 

CHARACTERISTICS 
Plate Supply Voltage 
Cathode-Bias Resistor 
Amplification Factor 
Plate Resistance ... 
Transconductance 
Plate Current ., .... , .. 

Class A, Amplifier (Each Unit) 

Grid Voltage (Approx.) for plate current of 150 /LA ,.,." ... , ... , 

10.5 
less than 

volts 

0.1 megohm 
0.5 megohm 

150 volts 
220 ohms 

47 
7250 ohms 
6500 /Lmhos 

8.2 rnA 
-5.5 volts 

6005 

6005/6AQ5W 

6005/6AQ5W / 
6095 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6012 GAS THYRATRON 
INDUSTRIAL 

TYPE 

Glass octal negative-control gas-tetrode thyratron for 
use in relay and grid-controlled rectifier applications. 
Outlines section, 36; requires octal socket. 

Min. 
Heater Voltage (ac/dc) ... , .. " ....... , ........... "... 5.7 
Heater Current , ... , .. ,' ...... , ....................... . 
Heater-Cathode Voltage: 

Peak ..... " ... , .. ,',." .... ,.,., .......... , ....... , ........ . 
Cathode: 

Minimum heating time prior to tube conduction ............. . 
Maximum outage time without reheating ... , .... ,., ........ , 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Anode ,. .., ... ,', .. , ....... , ........ , ........ . 
Grid No.1 to Cathode, Grid No.2, and Heater .. , ............ ,. 
Anode to Cathode, Grid No.2, and Heater , .................. . 

~1*.,=,' 
H 2 1 H 

1 8 
... GZ 

SCO 
Av. Max. 
6.3 6.9 volts 
2.6 2.85 amperes 

+25, -100 max. volts 

30 seconds 
5 seconds 

0.23 pF 
5.8 pF 
3.9 pF 



TECHNICAL DATA 

Ionization Time (Approx.): 
For conditions: de anode volts :::: 100, grid-No.2 volts = 0, 

grid-No.1 square-pulse volts = +50, and peak anode amperes 
during conduction = 5 

Deionization Time (Approx.) 
Maximum Critical Grid-No.1 Current: 

For conditions: ac anode-supply volts 460 (rms), 
anode amperes = 0.5 

Anode Voltage Drop (Approx.) 
Grid-No.1 Control Ratio (Approx.): 

For conditions: grid-No.1 resistor (megohms) 
resistor (megohms) ::::: 0, and grid-No.2 volts 

(;rid-No.2 Control Ratio (Approx.): 
For conditions: grid-No.1 resistor (megohms) 

resistor (megohms) = 0, and grid-No. volts::::: 0 

............. 

and average 

0, grid-No.2 
0 

0, grid-No.2 

479 

0.5 JLS 
See Table I 

3 JLA 
10 volts 

150 

650 

Relay and Grid-Controlled Rectifier Service 
For Anode-Supply Frequency of 60 Hz 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward ............................... . 
Inverse ............................ , ....... . 

Grid-No.2 (Shield-Grid) Voltage: 
Peak. before tube conduction ..... 
Average#. during tube conduction 

Grid-No.1 (Control-Grid) Voltage: 
Peak, before tube conduction 
Average#, during tube conduction 

Cathode Current; 
Peak .... 
Average# 
Fault. for duration of 0.1 second max. 

Average Grid-No.2 Current# 
Average Grid-No.1 Current# 
Ambient~Temperature Range 
MAXIMUM CIRCUIT VALUE 
Grid-No.l~Circuit Resistance 
# Averaged over any interval of 30 seconds maximum. 

OPERATIONAL 

x 600 f---I---+"'H"t-"i. 
o .. 
I 
." ,. 
0:: 
- 400 1---1--+--+--"'<4-

~ 
~200r-+-~-+~--¥ 
c 
u _c 

~16~~---_~12=-~---_-6~~L-~L---~ 
DC GRID-N<>I SUPPLY VOLTS 

92CS -77"1H1 

650 volts 
1300 volts 

-100 volts 
-10 volts 

-200 volts 
-10 volts 

5 amperes 
0.5 ampere 
20 amperes 

+0.05 ampere 
+0.05 ampere 
-75 to +90 'C 

megohms 
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Table 1 

DC Anode Yolts 125 250 Rgl ECCI Rg2• Ecc:! 

DC Anode Amperes 0.5 1.0 0.5 1.0 Mn valts ohms valts 

175 225 250 275 0.001 
DEIONIZATION 350 375 450 475 0.1 -13 1000 0 

TIME 650 700 1100 1200 2 
p's 100 125 100 125 0.001 (Approx.) 125 150 150 175 0.1 -100 1000 0 

250 275 275 300 2 

• Series resistor between grid No.2 and cathode. 

6021 

6072 

6072A 

6073 

6073/0A2 

6074 

6074/082 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to <;hart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6080 LOW-MU 
INDUSTRIAL TWIN POWER TRIODE 

TYPE 

Glass octal type used as a regulator tube' in dc power 
supply units and in projection television booster scan
ning applications. Outlines section, 36; requires octal 
socket. 
Heater Voltage """""""""""", ... ' .......... ,, .. , .... . 
Heater Current ................................................ . 
Heater-Cathode Voltage:# 

Peak ""'.' , .. "",."'" ... ,', .. ,',.,,.," , ..... " ...... ,. 
Direct Interelectrode Capacitances (Approx.) 

Grid to Plate (each unit) """""""""""'"", .. ,." 
Input (each 'mit) """""""""""""'" 
Output (each unit) ., .. " .... ,.,., .......... ,., ... ,., ..... ,' 
Heater to Cathode (each unit) . . . . . , . , . , . , . , .. , .. , , , .. , , 
Grid of Unit No.1 to Grid of Unit No.2 ...... ,.,', ..... , .... . 
Plate of Unit No.1 to Plate of Unit No.2 " ...... " ...... , .. . 

Class Al Amplifier (Each Unit) 
CHARACTERISTICS 
Plate-Supply Voltage .. , ...... , ... ,., .. ,.,', ... ,., .... ,., ....... . 
Cathode-Bias Resistor , .... ,., .. " .. ,', ... , ......... , .. ,."., ... ,. 
Amplification Factor , .... ,', ... , .... , ... , ........ , ... , .. ,., .... , 
Plate Resistance """""" ............ ,", .. ,...... . ....... . 
Transconductance ............................................... . 
Plate Current .... " .... , .... , ..... , ..... , .. ,.,." ..... " ....... . 

DC Amplifier (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage ..... ,., ... , .. ,., ........ , ..... , .. ,", ... ,",.,., 
Plate Current ., .. , .... ,', ........ ,., ............ , ............ ,. 
Plate Dissipation .. ,." ............ " ... ,.,',.,., .... " .... , .... . 
Bulb Temperature (At hottest point on bulb surface) 

BBD 
6.3 ±10% 
2.5 

±300 max. 

8 
6 

2.2 
11 
0.5 

2 

135 
250 

2 
280 

7000 
125 

250 
125 

13 
200 

volts 
amperes 

volts 

pF 
pF 
pF 
pF 
pF 
pF 

volts 
ohms 

ohms 
JLmhos 

mA 

volts 
rnA 

watts 
·C 



TECHNICAL DATA 

MAXIMUM CIRCUIT VALUES 
Gl'id-Circuit Resistance: 

For cathode-bias operation ... , .................... . 
For fixed-bias operationO . . . . . . . . . . ................ . 
For combined fixed and cathode-bias operation' 

Booster Scanning Service (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation in a 525-line, 30-frame system 
Peak Negative-Pulse Plate Voltage- .................. . 
Peak Negative-Pulse Grid Voltage ...................... . 
DC Plate Current .............................................. . 
Plate Dissipation ............................................... . 

MAXIMUM CIRCUIT VALUES (For maximum rated conditions) 
Grid-Circuit Resistance: 

For cathode-bias operation ...... . 
For fixed-bias operation 

1 
0.1 
0.1 

3000 
2300 

125 
13 

481 

megohm 
megohrr 
megohm 

volts 
volts 

mA 
watts 

1 megohm 
not recommended 

o When fixed bias is used, the plate circuit should contain a protective resistance to provide 
a minimum drop of 15 volts de at the normal operating conditions. 

• When combined fixed- and cathode-bias is used, the cathode-bias portion should have a 
minimum value of 7.5 volts de at the normal operating conditions . 

• Pulse duration must not exceed 15 pel' cent of one horizontal scanning cycle (10 micl'o
seconds). 

# Opel'ation of this tube is not recommended with a damper pulse between heater and cathode. 

Special Ratings & Performance Data 
SHOCK RATING 
[mpact Acceleration 

FATIGUE RATING 
Vibrational Acceleration 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage ... 

175r---~--'---'---~---r--~--~ 
TYPE 6080 

300 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

450 max. 

2.5 max. 

200 max. 

6080WA 

6082 

6101 

6101/6J6WA 

6111 

g 

g 

mV 
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6112 Refer to chart at end of 

6136 Refer to chart at end of 

6186 Refer to chart at end of 

6186/6AG5WA Refer to chart at end of 

6186W Refer to chart at end of 

6189 Refer to chart at end of 

6197 Refer to chart at end of 

6201 HIGH-MU TWIN TRIODE 
INDUSTRIAL 

TYPE 

Miniature type used in mixer, oscillator, and amplifier 
applications at frequencies up to 300 MHz. Outlines 
section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, re
fer to Resistance-Coupled Amplifier section, type 12AT7 
conditions. 

Heater Arrangement: 
Heater Voltage (ac/dc) ........................ . 
Heater Current ......................... < •••••••••• 

Peak Heater-Cathode Voltage .......................... . 
Direct Interelectrode Capacitances (Approx.): 

Grid-Drive Operation: 

Series 
12.6 
0.15 

Grid to Plate (Each unit) ................................. . 
Grid to Cathode and Heater (Each unit) ................... . 

Plate to Cathode and Heater: 
Unit No.1 ................................................. . 
Unit No.2 ................................................. . 

Heater to Cathode (Each unit) ............................... . 
Cathode-Drive Operation: 

Cathode to Plate (Unit No.1) .............................. . 
Cathode to Plate (Unit No.2) ............................... . 
Cathode to Grid and Heater (Each unit) ................... . 
Plate to Grid and Heater (Unit No.1) ...................... . 
Plate to Grid and Heater (Unit No.2) ....................... . 

Class. Al Amplifier (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative bias value ........................................ . 
Positive bias value ......................................... . 

Plate Dissipation ............................................... . 
Bulb Temperature (At hottest point on bulb surface) ........... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................... . 

CHARACTERISTICS 
Plate Supply Voltage ............................. . 
Cathode-Bias Resistor ............................. . 
Amplification Factor ............................. . 
Plate Resistance (APP1·OX.) ....................... . 
Transconductance ................................ . 
Grid Voltage (Approx.) for plate current of 10 /LA .. 
Plate Current .................................... . 

100 
270 
57 

14300 
4000 
-5 
3.3 

section. 

section. 

section. 

section. 

section. 

section. 

section. 

9A 
Parallel 

6.3 
0.3 

±100max. 

1.6 
2.5 

0.45 
0..38 
2.8 

0.2 
0.24 

5 
1.9 
1.8 

330 

55 
o 

2.75 
180 

0.25 
1.0 

250 
200 

60 
10900 
5500 
-12 

10 

volts 
ampere 

volts 

pF 
pF 

pF 
pF 
pF 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volt 

watts 
'c 

megohm 
megohm 

volts 
ohms 

ohms 
/Lmhos 

volts 
mA 



TECHNICAL DATA 

TYPE 6201 
EACH UNIT 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration ................ .............. 
FATIGUE RATING 
Vibrational Acceleration 
LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage .. ........... 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation 
AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 
RMS Output Voltage .......... .......... 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

.. 5 

p 3 

BEAM POWER TUBE 
Z 7 

H H 

483 

600 max. g 

2.5 max. g 

100 max. mV 

2000 min. cycles 

100 max. mV 

6202 

6206 

6211 

6336A 

6350 

6360 
6360A 

6386 

6417 

6485 

6550 
INDUSTRIAL 

TYPE 

~
GZ G, 

I 8 

S K 
G3 

7S 

Glass octal type used in the output stages of high
fidelity audio amplifiers. Outlines section, 27C; requires 
octal socket. This tube should be adequately ventilated. 

Heater Voltage (ac/dc) 
Heater Current ......... .... . .......... . 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode 

6.3 
1.6 

300 max. 
200' max. 

volt. 
amperes 

volts 
volts 
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Dil'ect Interelectrode Capacitances (Approx.): 
Grid No.1 to plate . . . . . ................. . 
Grid No.1 to cathode and grid No.3, grid No.2, base sleeve 

and heater .............................................. . 
Plate to cathode & grid No.3, grid No.2, base sleeve, and heater 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ........ . 
For cathode-bias operation .... . 

Class Al AF Power Amplifier 
MAXIMUM RATINGS (Des;gn·Center Values) 
Plate Voltage .... .. .. . ................... . 
Grid-No.2 (Screen-Grid) Voltage .... . 
Grid-No.1 /Control-Grid) Voltage: 

Negative-bias value ..................... . 
Positive-bias value .............................. . 

Cathode Current ......... . ........................ . 
Grid-No.2 Input ....... . .............................. . 
Plate Dissipation ............................................ . 
Bulh Temperature (At hottest point on hulb sUI'face) 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ............................. . 
Grid-No.2 Voltage ............. . .......... . 
Grid-No.1 Voltage ......................... . 
Peak AF Grid-No.1 Voltage .............. . 
Zero-Signal Plate Current 
Max.-Signal Plate Cun-ent ... 
Zero-Signal Grid-No.2 Current 
Max;-Signal Grid-No.2 Current .. 
Plate Resistance (Approx.) ............. . 
Transconductance ... _ .............. . 
Load Resistance . . . . . . .................... . 
Total Harmonic Distol-tion .......... . 
Max.-Signal Power Output .............. . 

250 
250 

-14 
14 

140 
150 

12 
28 

12000 
11000 
1500 

7 
12.5 

Class Al Push·Pull AF Power Amplifier 

MAXIMUM RATINGS (DeSign-Center Values) 
Same as for Cia .. Al AF POWER AMPLIFIER 

TYPICAL OPERATION AND CHARACTERISTICS 
Values are for 2 tubes 

Fixed 
Bias 

Plate Supply Voltage ...... . 400 SOO 
Grid-No.2 Supply Voltage ..................... . 275 300 
Grid-No.1 Voltage ...................... . -23 -31 
Cathode Resistor ... . 
Peak AF Grid-No.1-to-Grid-No.1 Voltage 46 62 
Zero-Signal Plate Cun-ent .... . 180 ll5 
Max.-Signal Plate Current .................... . 270 273 
Zero-Signal Grid-No.2 Current . . . . . . . . .. . 9 4 
Max.-Signal Grid-No.2 Current ..... . ......... . 44 41 
Effective Load Resistance (Plate to plate) ..... . 
Total Harmonie Distortion ................... . 

3500 5000 
3 2.5 

Max.-Signal Power Output .................. .. 55 100 
• The dc component must not exceed 100 vlots. 

0.85 

14.0 
12.0 

0.05 
0.25 

600 
400 

300 
0 

175 
6 

35 
250 

400 
225 

-16.5 
lS.5 

87 
105 

4 
18 

27000 
9000 
3000 
13.5 

20 

Cathode 
Bias 
400 
300 

140 
53 

166 
190 
7.5 
39 

4500 
4 

41 

6626/0A2WA 

6660/6BA6 

Refer to chart at end of section. 

Refer to chart at end of section. 

6661/6BH6 SHAR~CUTOFF PENTODE 
INDUSTRIAL 

TYPE 
Miniatul'e type used as an rf amplifier particularly in 
mobile equipment where low heater-current drain is im
portant. It is particularly useful in high-frequency, 
wide-band applications. Outlines section, 5C j requires 
miniature 7-contact socket. 

pF 

pF 
pF 

megohm 
megohm 

volts 
volts 

volts 
volt 
mA 

watts 
watts 

·C 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
rnA 

ohms 
JLmhos 

ohms 
% 

watts 

volts 
volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 

ohms 
% 

watts 



TECHNICAL DATA 

Heater Voltage (ac/dc) 
Heater Current _.. . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate . . ......................... . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ... . . . . . . . . . . ..................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 

Class At Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .......... , ......... . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.2 Supply Voltage ........ . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value 
Positive-bias value .. ' 

Plate Dissipation 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts .................... . 
For Grid-No.2 voltages between 165 and 300 volts ........... . 

, CHARACTERISTICS 

485 

6.:1 ±200/0 volts 
0.15 ampere 

±100 max. volts 

0.0035 max. pF 

5.4 pF 

404 pF 

330 volts 
See curve page 300 
330 volts 

55 
o 

3.3 

volts 
volt 

watts 

0.55 watt 
See curve page 300 

Plate Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 volta 
Grid No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Connected to cathode at socket 
Grid-No.2 Voltage ... .... .. ......................... 150 volts 
Cathode Resistor ................................................ 100 ohms 
Plate Resistance (Approx.) ...................................... 104 megohms 
Transconductance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4600 pmhos 
Plate Current ................................................... 7.4 mA 
Grid-No.2 Current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6 mA 
Grid-No.1 Voltage (Approx.) for plate current of 10 /LA ... -7.7 volts 

TRANSCONDUCTANCE AT REDUCED HEATER 'VOLTAGE 
Average Value ................................................. . 

With heater volts = 5, plate supply volts = 250, grid No.3 con
nected to cathode at socket, grid-No.2 supply volts = 150, 
and cathode resistor (ohms) bypassed = 100. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

BEAM POWER TUBE 

:lEOO /!mhos 

6662/6BJ6 

6663/6AL5 

6664/6AB4 

6669/ 
6AQSA 

INDUSTRIAl, 
TYPE 

7BZ 

Miniature type used as output amplifier primarily in 
mohi.le com.m.unications equipment. Outlines section, 5D; 
reqUIres mInIature 7-contact socket. 

Heater Voltage (ac/dc) ............................... . 
Heater Current ................................................ . 
Heater Warm-up Time (Average) .. 
Heater-Cathode Voltage: 

Peak value ............................................ . 
Direct Interelectrode Capacitance. (Approx.): 

Grid No.1 to Plate .... ' , . . . . . . . . ...... " .......... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode. Heater. Grid No.2. and Grid No.3 

6.3 ±20'/o volts 
0.45 ampere 

11 seconds 

::!:lOO max. volts 

0.4 pF 
8 pF 

lUi pF 
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Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Plate Dissipation ............................................... . 
Grid-No.2 Input ................................................ . 
Bulb Temperature (At hottest point on bulb sul'face) ........... . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.1 Voltage ..................................... . 
Zero-Signal Plate Current ...................................... . 
Max.-Signal Plate Current ..................................... . 
Zero-Signal Grid-No.2 Current ................................. . 
Max.-Signal Grid-No.2 Current ................................. . 
Plate Resistance (Approx.) ..................................... . 
Transconductance ............................................... . 
Load Resistance ................................................ . 
Total Harmonic Distortion ..................................... . 
Max.-Signal Power Output ..................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .................................... . 
For cathode-bias operation ................................. . 

Class AB! Amplifier 
MAXIMUM RATINGS (Same as for Class A! Amplifier) 

TYPICAL PUSH-PULL OPERATION 
Unless otherwise specified, values are for 2 tubes 

Plate Voltage .................................................. . 
Grid-No.2 Voltage .............................................. . 
Grid-No.1 (Control-Grid) Voltage ............................... . 
Peak AF Grid-No.l-to-Grid-No.l Voltage .......... . 
Zero-Signal Plate Current ...................................... . 
Max.-Signal Plate Current ..... . ............................ . 
Zero-Signal Grid-No.2 Current ............... . 
Max.-Signal Grid-No.2 Current ........... . ................... . 
Effective Load Resistance (Plate to plate) ..................... . 
Total Harmonic Distortion ............................ . 
Max.-Signal Power Output ..................................... . 

MAXIMUM CIRCUIT VALUES (Same as for Class Al Amplifier) 

POWER OUTPUT AT REDUCED HEATER VOLTAGE 
Average Value .......................... . ........ . 

With heatel' volts = 5. plate volts = 250, grid-No.2 volts = 250, 
grid-No.1 volts = -12.5. rms signal volts = 8.8. and load 
resistance (ohms) = 5000. 

250 
250 

12 
2 

225 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
7 

52000 
4100 
5000 

8 
4.5 

0.1 
0.5 

250 
250 

-15 
30 
70 
79 

5 
13 

10000 
5 

10 

4.1 

6676/6CB6A 

6677/6CL6 

667S/6USA 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6679/12AT7 HIGH-MU TWIN TRIODE 
INDUSTRIAL 

TYPE 

Miniature type used as a mixer, oscillator or amplifier 
in mobile communications equipment. Outlines section, 
6B; requires miniature 9-contact socket. For typical 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section, type 12AT7 con
ditions. 9A 

volts 
volts 

watt. 
watt. 

·C 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
/Lmhos 

ohms 
% 

watt. 

megohm 
megohm 

volts 
volts 
volt. 
volts 

mA 
mA 
mA 
mA 

ohms 
% 

watts 

watts 



TECHNICAL DATA 

Heater Arrangement: 
Heater Voltage (ac/dc) .......................... . 
Heater Current ............... . .......... . 
Peak Hea ter-Ca thode Voltage ................ . 
Direct Interelectrode Capacitances (Approx.): 

Grid-Drive Operation: 
Grid to Plate (Each unit) ............ . 
Grid to Cathode and Heater (Each unit) 

Plate to Cathode and Heater: 

Series 
12.6 ±20% 
0.15 

Unit No.1 ................................................. . 
Unit No.2 ............. . 

Cathode-Drive Operation: 
Cathode to Plate (Each unit) ........ . 
Cathode to Grid and Heater (Each unit) 
Plate to Grid and Heater (Each unit) 

Heater to Cathode (Each unit) 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage 
Grid Voltage: 

Negative bias value ...... . 
Positive bias value .... . 

Plate Dissipation ........ . 

CHARACTERISTICS 
Plate Supply Voltage ..................................... . 
Cathode-Bias Resistor ..................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) ..................................... . 
Transconductance .... . . . . . . .. . ................................ . 
Grid Voltage (Approx.) for plate current of 10 p.A 
Plate Current ........................................ . 

TRANSCONOUCTANCE AT REOUCED HEATER VOLTAGE 
Average Value (Each unit) .................................... . 

With heater volts = 10 (Series connection), plate supply volts 
= 250, and cathode resistor (ohms) bypassed = 200. 

TYPE 6679/12AT7 
EACH UNIT 

25~--r--.--~---f---+---+--~ 

'" ~ 20 
UJ 
0.. 
::;; 
<l 15 
:i 
..J 

~ 10 
UJ 

~ 
..J 
0.. 

600 
92CS-7056TI 

MEDIUM-MU TWIN TRIODE 

487 

Parallel 
6.3 ±20% volts 
0.3 ampere 

±100 max. volts 

1.5 pF 
2.2 pF 

0.5 pF 
0.4 pF 

0.2 pF 
4.6 pF 
1.8 pF 
2.4 pF 

330 volts 

55 volts 
0 volt 

2.8 watts 

250 volts 
200 ohms 

60 
10900 ohms 

5500 Jlrnhos 
-12 volts 

10 rnA 

4400 umhos 

6680/ 
12AU7A 

INDUSTRIAL 
TYPE 

9A 

Miniature type used as a phase inverter or push-pull 
amplifier in mobile communications equipment. Outlines 
section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, refer 
to Resistance-Coupled Amplifier section, type 12A U7 A 
conditions. 
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Heater Arrangement 
Heater Voltage (acjdc) .......... . 
Heater Current ................. . 

Heater-Cathode Voltage: 

Series 
12.6 ±20% 
0.16 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate .................................... 1.5 
Grid to Cathode and Heater ...................... 1.6 
Plate to Cathode and Heater ...................... 0.4 

Parallel 
6.3 ±20% 
0.3 

±200 max. 
100 max. 

Unit No.2 
1.5 
1.6 

0.32 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

Class A, Amplifier (Each Unit Unless otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid Voltage, positive-bias value ............................... . 
Plate Dissipation: 

Each Plate .................................. . 
Both Plates (Both units operating) ... . ............. . 

CHARACTERISTICS 
Plate Voltage ......................... . 
Grid Voltage ............... . 
Amplification Factor ................. . 
Plate Resistance (Approx.) ............. . 
Transconductance ............................. . 

100 
o 

Plate Current ........ . ................................ . 

20 
6500 
3100 
11.8 

Grid Voltage (Approx.) for plate current of 10 /LA 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ..... . 
For cathode-bias operation ... . 

TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 
Average Value (Each unit) ....................... . .. 

With heater volts = 10 (Series connection), plate volts = 250, 
and grid volts = -8.5. 

6681/ 
12AX7A 

INDUSTRIAL 
TYPE 

HIGH-MU TWIN TRIODE 

Miniature type used as a phase inverter or twin re
sistance-coupled amplifier in mobile communications 
equipment. Outlines section, 6B; requires miniature 9-
contact socket. For typical operation as a resistance
coupled amplifier, refer to Resistance-Coupled Amplifier 
section, type 12AX7A conditions. 

Heater Arrangement:. 
Heater Voltage (ac/dc) .... . 
Heater Current .......... . 

Heater-Cathode Voltage: 

Series 
12.6 ±20% 
0.15 

Peak value ................................................ . 
Average value ............................................. . 

Direct Interelectrode Capacitances (Approx.): Unit No.1 
Grid to Plate ................................. 1.7 
Grid to Cathode and Heater ...................... 1.6 
Plate to Cathode and Heater ....................... 0.46 

Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage ... 
Grid Voltage: 

Negative-bias value . . . . . . . . . . . . . . . . ......... . 
Positive-bias value ................................. . 

Plate Dissipation ............................................... . 

330 
o 
3 
6 

250 
-8.5 

17 
7700 
2200 
10.5 

-24 

0.25 
1 

1750 

9A 

Parallel 

volts 
volt 

watts 
watts 

volts 
volts 

ohms 
I,mhos 

mA 
volts 

megohm 
megohm 

Itmhos 

6.3 ±20% volts 
0.3 ampere 

±200 max. 
100 max. 

Unit No. 2 
1.7 
1.6 

0.34 

330 

66 
o 

1.1 

volts 
volts 

pF 
pF 
pF 

volts 

volts 
volt 

watts 



TECHNICAL DATA 

CHARACTERISTICS 
Plate Voltage 
Grid Voltage 
Amplification Factor ..... . 
Plate Resistance (Approx.) 
Transconductance 
Plate Current 

100 
-1 
100 

80000 
1250 

0.5 

489 

250 volts 
-2 volts 
100 

62500 ohms 
1600 I'mhos 

1.2 rnA 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6686 

6688A 

6887 

6922/E88CC 

TWIN-POWER PENTODE 6939 
INDUSTRIAL 

TYPE 

9HL 

Miniature type twin power-pentode intended for use in 
communications equipment as a push-pull rf power
amplifier or frequency-multiplier at frequencies up to 
500 MHz. Outlines section, 6E; requires miniature 9-
contact socket. 

Heater arrangement 
Heater Voltage (ac/dc) 
Heater Current ........... . 
Peak Heater-Cathode Voltage ......... . ..... . 
Bulb Temperature (At hottest point on bulb surface) 

Series 
12.6 ±10% 

0.3 

Parallel 
6.3 ±10% 
0.6 

±100 max. 
225 max. 

Direct Interelectrode Capacitances (Approx., Each Unit): 
Grid No.1 to Plate ......................................... . 0.15 

6.4 
1.6 

Grid No.1 to Cathode & Grid No.3, Grid No.2, and Heater ..... . 
Plate to Cathode & Grid No.3, Grid No.2, and Heater ....... . 

Transconductance (Each Unit) for de plate volts = 150, de grid-
No.2 volts = 150, and de plate rnA = 25 ................... . 10500 

31 
Mu-Factor, grid No.2 to grid No.1 (Each Unit) for de plate volts 

= 150, de gl'id No.2 volts = 150, and de plate rnA = 25 

Push-Pull RF Amplifier & Oscillator-Class C Telegraphy· 
and 

Push-Pull RF Power Amplifier-Class C FM Telephony 
Values are on a per-tube basis unless otherwise specified 

MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage .............. . 
DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.1 (Control-Grid) Voltage 
DC Plate Current ' .. 
DC Grid-No.1 Current 
DC Cathode Current 
Plate Input ... 
Grid-No.2 Input 
Grid-No.1 Input ... 
Plate Dissipation 

TYPICAL OPERATION 

DC Plate Voltage ..... 
DC Grid-No.2 Voltage 
DC Grid-No.1 Voltage .......... . 

From grid resistor for each grid No.1 of 
Peak-to-Peak RF Grid-No.1 Voltage 
DC Plate Current ..... 
DC Grid-No.2 Current 
DC Grid-No.1 Current ........ . 
Driver Power Output (Approx.) . 
Useful Power Output (Approx.)' 

Up to 500 MHz 
CCS· ICAS. 
250 250 
200 200 

-100 -100 
90 100 

(; 8 
100 120 

12 14 
;1 3.5 

0.2 0.24 
6 7.5 

At 500 
180 
180 

-20 
27000 

50 
55 

12.5 
1.5 
1.2 

5 

MHz 
200 
200 

-20 
27000 

50 
60 
14 

1.5 
1.2 

(; 

volts 
ampere 

volts 
°C 

pF 
pF 
pF 

/Lrnhos 

volts 
volts 
volts 

rnA 
rnA 
rnA 

watts 
watts 
watt 

watts 

volts 
volts 
volts 
ohms 
volts 

rnA 
rnA 
rnA 

watts 
watts 
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Plate-Modulated Push-Pull RF Power Amplifier-Class C Telephony 
Carrier conditions per tube for Use with a maximum modulation factor of 1 

Values are on a per-tube basis 

MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage .................. . 
DC Grid-No.2 (Screen-Grid) Voltage. 
DC Grid-No.1 (Control-Grid) Voltage .......... . 
DC Plate Current ............ . ................ . 
DC Grid-No.1 Current 
DC Cathode Current 
Plate Input 
Grid-No.2 Input 
Grid-No.1 Input 
Plate Dissipation 

TYPICAL OPERATION 

DC Plate Voltage 
DC Grid-No.2 Voltage 
DC Grid-No.1 Voltage 

From grid resistor for each grid No.1 of 
Peak-to-Peak RF Grid-No.1 Voltage 
DC Plate Current .......... . 
DC Grid-No.2 Current .................. . 
DC Grid-No.1 Current .............. . 
Driver Power Output (Approx.) 
Useful Power Output (Approx.)' 

Up to 500 MHz 
CCS' ICAS. 
200 200 
200 200 

-100 -100 
64 80 

6 8 
80 96 

8 10 
2 2.3 

0.2 0.24 
4 5 

At 500 MHz 
180 180 
180 180 

-20 -20 
68000 27000 

45 50 
40 55 
9.5 12.5 
0.6 1.5 

1 1.2 
3.5 5 

Frequency Tripier-Class C 
Values are on a per-tube basis 

MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage ......... . 
DC Grid-No.2 (Screen-Grid) Voltage 
DC Grid-No.1 (Control-Grid) Voltage 
DC Plate Current 
DC Grid-No.1 Current 
DC Cathode Current 
Plate Input .. 
Grid-No.2 Input 
Grid-No.1 Input 
Plate Dissipation 

Up to 500 MHz 
CCS' ICAS. 
250 250 
200 200 

-100 -100 
60 80 

6 8 
70 80 

8 10 
3 3.5 

0.2 0.24 
6 7.5 

300 TYPE 6939----r---r---,--. 
EACH UNIT 

~ 250 ~~ft~~Ei ~6Nl~2't'bRANGEMENT 
l3 'l\) \0 

~200r---+---~~~~--r---+---~ 
"
~ 

~150~-4-- ~~~=--t--~--~ 
..J. 

:i 
w 100~~~-c~--~---+-
~ 
..J 
"-

20 

92CS -10613T 

u 
~ 

'" w 
a: 
w 
"-
~ 
<t 
::; 
..J 
:ij 

.; 
Z , 
0 

a: 
C> 

volts 
volts 
volts 

rnA 
rnA 
rnA 

watts 
watts 
watt 

watts 

volts 
volts 
volts 
ohms 
volts 

rnA 
rnA 
rnA 

watts 
watts 

volts 
volts 
volts 

rnA 
rnA 
rnA 

watts 
watts 
watt 

watts 



TECHNICAL DATA 

TYPICAL OPERATION 

DC Plate Voltage ................................ . 
DC Grid-No.2 Voltage (Approx.) ................. . 

Through resistor of .......................... . 
DC Grid-No.1 Voltage . . . . . . . .... . 

From grid resistor for each grid No.1 of 
Peak-to-Peak RF Grid-No.1 Voltage ............ . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ........................... . 
DC Grid-No.1 Current ........................... . 
Driver Power Output (APprox.! ................. .. 
Useful Power Output (Approx. , ................. . 

Up to 500 MHz 
180 200 
180 190 

1200 1200 
-74 -74 

82000 82000 
165 165 

40 46 
9.7 11 
1.8 1.8 
1.1 1.1 
1.8 2.2 

491 

volts 
volts 
ohms 
volts 
ohms 
volts 

mA 
mA 
mA 

watts 
watts 

• Key-down conditions per tube without amplitude modulation. Amplitude modulation essen
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 

1(1 Continuous Commercial Service . 
• Intermittent Commercial and Amateur Service. 
, This value of useful power is measured at load of output circuit. 

BEAM POWER TUBE 6973 

9EU 

Miniature type used as power amplifier in compact 
high-fidelity audio equipment. Outlines section, 6G; re
quires miniature 9-contact socket. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................ . 
Heater-Cathode Voltage: 

Peak value ............................................... .. 
Average value ........................................•..... 

Direct Interelectrode Capacitances: 
Grid-No.1 to Plate ...................................•••.. 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode. Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ...................................•.............. 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Contt'ol-Grid) Voltage ............................... . 
Plate Resistance (Appl'Ox.) .................................... . 
Transconductance .............................................. . 
Plate Curreat ................................................. . 
Grid-No.2 Current ............................................. . 
Grid-No.1 Voltage (Approx.) for plate current of 100 p.A ....... . 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Plate Dissipation .............................................. . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION (Values are for two tubes) 

6.3 
0.45 

±200 max 
100 max 

0.4 max 
9 
6 

250 
250 

-15 
73000 

4800 
46 

3.5 
-40 

440 
330 
12 

2 
250 

Plate Supply Voltage ............. . 
Grid-No.2 Supply Voltage ........... . 

Fixed Bias 
250 350 400 
250 280 290 

-15 -22 -25 

Cathode Bias 
300 310 
300 310 

Grid-No.1 Voltage .................. . 
Cathode-Bias Resistor .............. . 
Peak AF Grid-No.1-to-

Grid-No.1 Voltage .............. . 
Zero-Signal Plate Current ......... . 
Maximum-Signal Plate Current ..... . 
Zero-Signal Grid-No.2 Current ...... . 
Maximum .. Signal Grid-No.2 Current .. 
Effective Load Resistance 

(Plate-to-plate) ................. . 
Total Harmonie DistOl·tion ......... . 
Maximum-Signal Power Output ..... . 

30 
92 

105 
7 

16 

8000 
2 

12.5 

44 
68 

106 
3.5 
14 

7500 
1.5 
20 

230 270 

50 48 55 
50 80 77 

107 96 92 
2.5 6 5 

13.7 14 14 

8000 5500 6000 
2 2 4 

24 15 17 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

p.mhos 
mA 
mA 

volts 

volts 
volts 

watts 
watts 

'C 

volts 
volts 
volts 
ohms 

volt. 
rnA 
rnA 
mA 
mA 

ohms 
per cent 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ...........................•.....••• 
For cathode-bias operation .................................• 

Push-Pull Class AB, Amplifier 
Grid No.2 of Each Tube Connected to Tap on Plate 'Windinlr of 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate and Grid-No.2 Supply Voltage .................. , ........ . 
Plate Dissipation ... ' . .. . ........ , ..... ,., .................... . 
Grid-No.2 Input ............................................... . 
Bulb Temperature (At hottest point) ........................... . 
TYPICAL OPERATION (Values are for two tubes) Fixed Bias 
Plate Supply Voltage .............................. 376 
Grid .. No.2 Supply Voltage .......................... • 
Grid-No.1 Voltage- ............................... -33.6 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1-to-Gl"id-No.1 Voltage .......... . 
Zero-Signal Cathode Current ..................... . 
Maximum-Signal Cathode Current ................. . 
Effective Load Resistance (Plate-to-plate) ......... . 
Total Harmonie Distortion ....................... . 
Maximum-Signal Power Output ................... . 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

67 
62 
95 

12500 
1.5 

18.5 

For fixed-bias operation ................................... . 

5 17 

150 

For cathode-bias operation ................................. . 

300 TYPE 6973 
~lb I GRID·No.1 

VOLTSaO 

TYPE 6973 

0.6 
1 

megohm 
megohm 

Output Transformer 

410 
12 

1.76 
260 

Cathode Bias 
370 

# 

366 
62 
74 
84 

13000 
1.2 
15 

0.1 
1 

volts 
watta 
watts 

·C 

volts 
volta 
volts 
ohms 
volta 
rnA 
mA 

ohms 
per cent 

watts 

megohm 
megohm 

GRIO-No. 2 VOLTSa250 

:l 
15125 

250-

EC2 a2OO 

WITH EC2AS 
VARIABLE 

~ECI AS VARIABLE 

!!t- ECl sO 

-.1 ... 
::I 
ClOO 
j 

Ib 

IV I"-" 
. I voLTS ECls-iO 

li 75 

~ 
~ 50 

-
VO\..TS EC2 al5O 

GRIO-No.2 

fo'P'- Ec~alOd 
, Ib 

GRIO-No. 

~ -15 

... J--- ,..-

I 
25 

o 100 200 300 o 
PLATE VOLTS 

92CS-9380TI 

~2 Ib 

if 
100 

f-. -, r4c,=0 

200 300 
PLATE VOLTS 

EClc - 20 

400 
92CS-93B9T 

* Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B+) so as to apply 60 per cent of the plate signal voltage to 
grid No.2 of each output tube. 
# Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B+) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 
- The type of input-coupling network used should not introduce too much resistance in the 
grid .. No.l cil'cuit. Transformer- or impedance .. coupling devices are recommended. 

6977 Refer to chart at end of section. 

7025 HIGH-MU TWIN TRIODE 

Miniature type used as phase inverter or resistance
coupled amplifier in high-quality, high-fidelity audio 
amplifiers. Outlines section, 6Bj requires miniature 9-
contact socket. This type is identical with miniature 
type 12AX7 A except that it has a controlled equiva
.lent noise and .hum characteristic. For operation as 
resistance-coupled amplifier, refer to Resistance
Coupled Amplifier section. 

9A 
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EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID (Each Unit) 
Average Value (rms)t ......................................... . 
Maximum Value (rms)- ....................................... . 

1.8 
7 

p.V 
p.V 

t Measured in "true rms" units under following conditions: heater volts (ae), 6.3 (parallel 
connection) ; center tap of heater transformer connected to ground; plate supply volts, 250; 
plate load resistor, 2700 ohms; cathode~bypass capacitor, 100 J.LF; grid resistor, 0 ohms; and 
amplifier covering frequency :: .. ange between 25 to 10000 cycles per second . 
• Same conditions as for "'Average Value" except cathode resistor is unbypassed and grid 
resistor is 0.05 megohm. 

Refer to chart at end of section. 7027 

BEAM POWER TUBE 7027A 

SHY 

Glass octal type used in push-pull power amplifier cir
cuits of high-fidelity audio equipment. Outlines section, 
9F; requires octal socket. This tube, like other power
handling tubes, should be adequately ventilated. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ....... . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value ..... : ....................................... . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate ....................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................................. . 
Grio.-No.2 (Screen-Grid) Voltage ............................... . 
Grid-No.1 (Control-Grid) Voltage .............................. . 
Plate Resistance (Approx.) .................................... . 
Transconductance ... . . . . . . . . . . . .. . ............................ . 
Plate Curr€nt ................................................. . 
Grid-No.2 Cunent .........•..........••......•.•.••••.•••••.••. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ................................................. . 
Grid-No.2 Voltage ............................................. . 
Plate Dissipation ........ . .................................... . 
Grid-No.2 Input .... . ........................... . 

TYPICAL OPERATION (Values are for two tubes) 

6.3 
0.9 

±200 max 
100 max 

1.5 
10 
7.5 

250 
250 

-14 
22500 

6000 
72 
6 

600 
500 

35 
6 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 
volts 
ohms 

p.mhos 
mA 
mA 

volts 
volts 

watts 
watts 

Fixed Bias Cathode Bias 
Plate Supply Voltage ................ 400 
Grid-No.2 Supply Voltage .......... 300 
Grid-No.1 Voltage .................. -25-
Cathode-Bias Resistor .............. . 
Peak AF Grid-No.1-to-Grid-No.1 Voltage 50 
Zero-Signal Plate Current .......... 102 
Maximum-Signal Plate Current ...... 152 
Zero-Signal Grid-No.2 Current ...... 6 
Maximum-Signal Grid-No.2 Current .. 17 
Effective Load Resistance 

(Plate-to-plate) ................. 6600 
Total Harmonic Distortion .......... 2 
Maximum-Signal Power Output 34 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resista'lce: 

450 540 
350 400 

-30- -38-

60 76 
95 100 

194 220 
3.4 5 

19.2 21.4 

6000 6500 
1.5 2 
50 76 

400 380 425 volts 
volts 
volts 
ohms 
volts 

300 380 415 

200 180 
57 68.5 

112 138 
128 170 

7 G.6 
16 20 

6600 4500 
2 3.5 

32 36 

200 
86 

150 
196 

8 
20 

mA 
mA 
mA 
mA 

3800 ohms 
4 per cent 

44 watts 

For fixed-bias operation- .................................... 0.1 megohm 
F01' cathode-bias operation .................................. 0.6 megohm 

- The type of input coupling network used shOUld not introduce too much resistance in the 
grid-No.1 circuit. Transformer- or impedance-coupling devices are recommended. 
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Push-Pull Class AB, Amplifier 
Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Tronsformer 

MAXIMUM RATINGS (Design·Maximum Values) 
Plate and Grid-No.2 .Supply Voltage ........................... . 
Plate Dissipation ........... . ............ . 
Grid-No.2 Input ............................................... . 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage .......................................... . 
Grid-No.2 Supply Voltage ..................................... . 
Cathode-Bias Resistor . . . . . . . . .. .. . _ ......................... . 
Peak AF Grid-No.l-to-Grid-No.l Voltage ....................... . 
Zero-Signal Cathode Current . . . . . . . . . . . . . . 
Maximum-Signal Cathode Current .............. _ ............... . 
Effective Load Resistance (Plate to plate) .......... . 
Total Harmonic Distortion .............................. . 
Maximum-Signal Power Output ...................... _ .......... . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation 

600 
35 

4.5 

410 
• 

220 
68 

134 
155 

8000 
1.6 
24 

0.5 

volts 
watts 
watts 

volts 
volts 
ohms 
volts 

mA 
mA 

ohms 
per cent 

watts 

megohm 
• Obtained fl'om taps on the primary winning of the output transformer. The taps are located 
on each side of the center tap (B+) so as to apply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

TYPE 7027A TYPE 7027A 
GRID-No.1 VOLTS"O GRID-No.2 VOLTS- 300 

J 
~400 
~ 
:hoo 
i 

/'" 
V' 

I-
40B 

350 

300 

n. V;;LTS ~CI=_15 
j)~"I. I, 
t-t--:. I -10 

1---"1---... -15 
01-~ 

GRID-No.2 VOLTS E~'250 
1200 

!;t20 
I---' r- -20 oJ 

Do 

10 o ~ 150 

,I 100 
C =5 Ir 

ihC2"" -25 -35-1--
-3 / ECI=O 

-- -- -:';:-15.1 

o 100 200 300 400 500 600 
PLATE VOLTS 92CS-IOI32T 

o 100 200 300 400 500 600 700 
PLATE VOLTS 92CS-IOI33T 

7044 Refer to chart at end of 

7054 Refer to chart at end of 

7055 Refer to chart at end of 

7056 Refer to chart at end of 

7057 Refer to chart at end of 

7058 Refer to chart at end of 

7059 MEDIUM-MU TRIODE-
INDUSTRIAl. SHARP-CUTOFF PENTODE 

TYPE 

Miniature type medium-mu triode sharp-cutoff pentode 
for use as a combined oscillator and mixer in mobile 
communications equipment. Outlines section, 6B; re
quires miniature 9-contact socket. 

Heater Voltage Range (ac/dcl 
Heater Current IApprox.) at 13.5 Volts 
Peak Heater-Cathode Voltage 

section. 

section. 

section. 

section. 

section. 

section. 

Kp 
7 G3p 

IS 

9AE 

12 to 15 volt. 
0.195 ampere 
±120 max. volts 
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Direct Interelectrode Capacitances: 
Triode Unit: 

G"id to Plate ..... . 
Grid to Cathode, Heater .. 
Plate to Cathode, Heater .. 

Pentode Unit: 
Grid No.1 to Plate . . . . . . . . . . . 
Grid No.1 to Cathode, Heater, Grid No.2, Grid 

No.3, and Internal Shield ... 
Plate to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield 
Heater to Cathode ... 

Unshielded Shielded 

1.7 1.7 
2.7 2.7 
0.4 1 

0.15 max. 0.007 max. 

5 5 

2.5 a.4 
a a-

. ) With external shield connected to cathode of unit undEi' te~t except as noted. 
- With external shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Triode Unit 
Plate Voltage .... ' 300 

Pentode Unit 
:lOO 
300 

495 

pF 
pF 
pF 

pF 

pF 

pF 
pF 

volts 
volts Grid-No.2 (Screen-Grid) Supply Voltage " 

Grid-No.2 Voltage ., ... ,.,", .. ,.,.,.,." .. "., 
Gl·id-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ,,' 

See curve page 300 

Grid-No.2 Input: 
For grid-No.2 voltages up to 150 volts 
For grid-No_2 voltages between 150 and aoo volts 

MAXIMUM CIRCUIT VALUES, 
Grid-No.l-Ch"cuit Resistance! 

For fixed-bias operation 
For cathode-bias operation 

CHARACTERISTICS 
Heater Voltage "", .. 
Plate Supply Voltage 
Grid-No.2 Voltage, , , ' 
Cathode-Bias Resistor 
Amplification Factor ... ," 
Plate Resistance (Approx.) 
Transconduetance .... 
Plate Current .... 
Grid-No.2 Current 
Grid-No.1 Voltage fo',: pl~t~ ct;''l'~nt of 10 ~A 

0 
2.5 

0.5 
1 

13.5 
150 

56 
40 

4700 
8500 

18 

--12 

0 volt 
2-8 watts 

0.5 watt 
See curve page 300 

0.5 megohm 
1 megohm 

13.5 volts 
250 volts 
110 volts 

68 ohms 

400000 ohms 
5200 JLmhos 

10 rnA 
a.5 rnA 

-·10 volt, 

Special Ratings & Performance Data 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage, Triode Unit 
HMS Output Voltage, Pentode Unit 

<II 

~50 
11.1 
Q. 

~40 
::i 
~ 30 

11.1 
!;( 20 

it. 
10 

0 

TYPE 7059 
TRIODE UNIT 

.p 
/ '/ 

~ ~ ~ 
100 

~~~ 
07 /: ~ ~ 
/ V /): ~ 
[0 ~ ~ I?' '/: ,~~ 
~ ~ ~ ~ v' 12 - _14 

200 300 4 0 
PLATE VOLTS 92CS-9866T2 

TYPE 7059 

2000 min. 

150 max. 
250 max 

cycle!i 

mV 
mV 

PENTODE UNIT 
GRID-No.2 VOLTr"O 

I 
ECI =0 GRIO No. I VOLTS 

~ P I 1-\ 
(l \ -0.5 .... \/ ---OK 

Ib ECI=-I:! -1.0 

-IJ?. f< 
'k: ;- -- -I- -2.0 

~- -2.5 
.1- '-3.0 

-4.0 
50 100 150 200 250 300 

PLATE VOLTS 92CS-9809T 
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7060 Refer to chart at end of section. 

7061 Refer to chart at end of section. 

7167 Refer to chart at end of section. 

7189 POWER PENTODE 

Miniature type used as power amplifier tube in high
fidelity audio equipment. Outlines section, 6G; requires 
miniature 9-contact socket. 

Heater Voltage ................................................. . 
Heater CUI'rent , . . .. . ....................................... . 
Peak Heater-Cathode Voltage .................................... . 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate .................................... . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid-No.2, and Grid No.3 .. 
Grid No.1 to Heater .................. . 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage ................................................... . 
Grid-No.2 (Screen-Grid) Voltage ................................. . 
Grid-No.1 (Control-Grid) Voltage.......... . ............. . 
Mu-FactOl', Grid No.2 to Grid No.1 ....................... . ...... . 
Plate Resistance (ApPl·OX.) ...................................... . 
Transconductance .......... . ............................. . 
Plate Current .................................................. . 
Grid-No.2 Current .............................................. . 

Push-Pull Class AB, Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage ................................... . 400 
Grid-No.2 Voltage ................................. . 300 
Cathode Current .................................. . 65 
Plate Dissipation ................................. . 12 
Zero-Signal Grid-No.2 Input ...................... . 2 
Maximum-Signal Grid-No.2 Input .. 4 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ............................. . 
Plate Voltage ..................................... . 400 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.2 Voltage ................................ . 300 
Grid-No.1 Voltage ................................ . -16 
Cathode-Bias Resistor ............................. . 
Peak AF Grid-No.1 Voltage ....................... . 14.8 
Zero-Signal Plate Current ......................... . 15 
Maximum-Signal Plate Current ................... . 106 
Zero-Signal Grid-No.2 Current .................... . 1.6 
Maximum-Signal Grid-No.2 Current ............... . 25 
Effective Load Resistance (Plate-to-plate) ..... . 8000 
Total Harmonic Distortion ........................ . 4 
Maximum-Signal Power Output ................... . 24 
MAXIMUM CIRCUIT VALUES Fixed Bias 
Grid-No.1-Cil·cuit Resistance 0.3 

SBl 

6.3 
0.76 

±100 max 

0.5 
10.8 

6.5 
0.25 

250 
250 

-7.3 
19.5 

40000 
11300 

48 
5.5 

Grid-No.2 
Special 

Connection-
376 

65 
12 

2 

" 
a75 

220 
17.7 

70 
81 

11000 
3 

16.6 
Cathode Bias 

1 

• Grid No.2 of each tube connected to tap on plate winding of output tnnsformer . 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 

volts 
volts 
volts 

ohms 
/Lmhos 

mA 
mA 

volts 
volts 

rnA 
watts 
watts 
watts 

volts 
volts 

volts 
volts 
ohms 
volts 

rnA 
rnA 
mA 
rnA 

ohms 
per cent 

watts 

megohm 

• Obtained from taps on primary winding of the output transformer. The taps Bre located on 
each side of the center tap (B+) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 
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MEDIUM-MU TRIODE
SHARP-CUTOFF PENTODE 

497 

7199 

9JT 

Miniature type used in high-quality, high-fidelity audio 
equipment, particularly in phase splitters, tone-control 
amplifiers, and high-gain voltage amplifiers. Outlines 
section, 6B; requires miniature 9-contact socket. For 
operation as resistance-coupled amplifier, refer to Re
sistance-Coupled Amplifier section. In direct-coupled 
voltage-amplifier phase-splitter circuits, the pentode 
unit should drive the triode unit. 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ......... . ................................... . 

G.a 
0.45 

Heater-Cathode Voltage: 
Peak value .......... . ±200 max 
Averag~ value. . . . 

Direct lntel'electrode Capacitances: 
100 mnx 

Triode Unit: 
Grid to Plate .... 2 
Grid to Cathode and Heater ................................ . 2.3 
Plate to Cathode and Hen tel' ............ . .................. . 0.3 

Pentode Umt: 
Grid No.1 to Plate .......................................... . 0.06 max 
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield ........................................... . 2 

EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID 
Triode Unit Pentode Unit 

Median Value (rms) ....... . 
Maximum Value (rms) .. . 

lOt 35-
150t 100-

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

pF 

pF 

pF 

/LV 
/LV 

t Measured in "true rms" units undet' the following conditions: heater volts (ae). 6.3; center 
tap of heater transformel' connected to ground; plate-supply volts, 250; plate load resistor, 
0.1 megohm; cathode resistor, 1500 ohms; grid resistor, 0.05 megohm; and amplifier covering 
frequency range between 25 and 10000 cycles per second . 

• Same conditions as for triode unit except: grid-No.2 supply volts, 250; grid-No.2 l'esi~tor, 
0.33 megohm; grid-No.2-bypass capacitor, 0.22 /LF; cat.hode resistor, 1200 ohms; and grid-No.1 
resistor, 0.05 megohm. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................. . 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.2 Supply Voltage ......................... . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation ......................... . 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts ......... . 
For grid-No.2 voltages between 165 and 330 volts 

Triode Unit Pentode Unit 
330 330 

o 
2.4 

See clirve page :WO 
330 

o 

0.6 
See curve page :WO 

TYPE 7199 

f- ~~~T~~o~ 2U~ITS =130 

volts 

volts 
volts 

watts 

watt 

~ 20 
:::; 

Ii 

lb 0 

..J 
:E 15 ... 
ti 10 
..J 
Q. 

o 100 
PLATE VOLTS 

400 
92CS-9693T 

... 
ti 
..J 
Il. 

5 

o 

1\ 1 GRID-No.1 VOLTS ECI,-I 

Ic<-

V !--_IC2 0 -2 

3- ECI -1-3 

100 200 300 
PLATE VOLTS 

~ 
400 

92CS-91'OIT 
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CHARACTERISTICS 'l'riode Unit Pentode Unit 
Plate Supply Voltage ......................... . 
Grid-No.2 Supply Voltage ................ ; ..... . 
Grid-No.1 Voltage ............................. . 
Cathode-Bias Resistor ......................... . 
Amplification Factor .......................... . 
Plate Resistance (Approx.) .................... . 
Transconductance ............................. . 
Plste Current ................................. . 
Grid-No.2 Current ............................. . 
Grid-No.1 Voltage (Approx.) for plste current 

of 10 p.A .............•..........••.•..•••.••• 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance:* 

For fixed-bias operation ....................... . 
For cathode-bias operation .................... . 

215 100 220 

-8.5 

17 
0.0081 

2100 
9 

-40 

60 ISO. 

1000 

1 
1500 

1.1 
0.S5 

-4 

62 

0.4 
7000 
12.6 

S.5 

Triode Unit Pentode Unit 

0.5 
1 

0.25 
1 

volts 
volts 
volts 
ohms 

meg9hm 
p.mhos 

mA 
mA 

volts 

megohm 
megohm 

* If either unit is operated at maximum rated conditions, grid-No.1-circuit resistance for both 
units should not exceed the stated value. 

7247 DUAL TRIODE 
Miniature type used for combined first- and second
stage audio preamplification in high-fidelity phonograph 
or tape equipment. Tube has high-mu unit and medium
mu unit. Outline 8B, Outlines section. Tube requires 
miniature nine-contact socket and may be operated in 
any position. Heater: volts (ac/dc), 12,6 (series), 6.3 
(parallel); amperes, 0.15 (series), 0.3 (parallel). 

Class Al Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 

Plste Voltage .......................................... . 
Grid Voltage: 

Negative-bias value ................................. . 
Positive-bias value ................................... . 

Cathode Current ............. : ........................... . 
Plate Dissipation ....................................... . 
Heater-Cathode-Voltage: 

Peak value ......................................... . 
Average value ....................................... . 

CHARACTERISTICS 
Unit No.1 

Unit 
No.1 

330 

55 
o 

1.2 

Unit 
No.2 
330 

55 
o 

22 
3 

±200max 
100 max 

Unit No.2 

9A 

Plate Voltage ......................... . 100 250 100 250 
Grid Voltage .......................... . -1 -2 
Amplification Factor ................... . 100 100 
Plate Resistance (Approx.) ............ . 
Transconductance ...................... . 

80000 62500 
1250 1600 

Plste Current ......................... . 0.5 1.2 
Grid Voltage (Approx.) for plate 

current of 10 p.A ......•............. 

MAXIMUM CIRCUIT VALUES 
Unit 

Grid-Circuit Resistance: No.1 

o -8.5 
20 17 

6500 7700 
3100 2200 
11.8 10.5 

-24 

Unit 
No.2 

For fixed-bias operation .......................... 15 max 0.5 max 
1 max For cathode-bias operation ....................... . 

HUM OUTPUT VOLTAGE 
Average Value (rms, cathode bypassed)- ....................... . 
Maximum Value (rma, cathode unbypassed)· ................... . 

• The dc component must not exceed 100 volts. 

1.8 
7 

volts 

volts 
volts 
mA 

watts 

volts 
volts 

volts 
volts 

ohms 
p.mhos 

mA 

volts 

megohms 
megohm 

p.volts 
p.volts 

- Measured in "true· rms" units under the. following conditions: heater volts (ac), 6.3 
(parallel connection); center tap of heater transformer connected to ground; dc plate 
supply volts, 250; plate load resistor, 0.1 megohm; cathode resistor, 2700 ohms; cathode
bypass capacitor, 100 ILf; grid resistor. 0 ohms; amplifier covering frequency range of 
25 to 10000 cps • 

• Same conditions as above, except that cathode resistor is unbypassed and grid resistor 
is 0.05 megohm. 
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Refer to chart at end of section. 7258 

Refer to chart at end of section. 7308 

POWER PENTODE 7355 
Glass octal type used in the power-output stage of 
high-fidelity audio-frequency amplifier systems. Out
lines section, 13F; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............. . 
Average Cathode Current ....................................... . 
Plate Dissipation ............................................... . 
DC Grid-No.2 Input ............................................ . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .................................................. . 
Grid-No.2 Voltage ........................................ . 
Grid-No.1 Voltage .............. . .......................... . 
Peak AI" Grid-No.1 Voltage ..................................... . 
Plate Resistance (Approx.) .. . . . . . . . . . . . . . .......... . 
Transconductance ....... ....................................... . 
Zero-Signal Plate Current ....................................... . 
Maximum Signal Plate Current ................................. . 
Zero-Signal Grid-No.2 Current .................................. . 
Maximum-Signal Grid-No.2 Current .. . ................. . 
Load Resistance ............................................... . 
Total Harmonic Distortion (Approx.) ............................ . 
Maximum-Signal Power Output . . . . . . . . . . ............ . 
Grid-No.1 Voltage (Approx.) for plate current of 500 /LA 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

500 
400 

0 
100 

18 
3.5 0 

250 
225 

-15 
15 

42000 
7600 

62 
74 

3.2 
16.5 
2500 

15 
9 

-35 

volts 
volts 
volts 

rnA 
watts 
volts 

volts 
volts 
volt. 
volts 
ohms 

/Lmhos 
mA 
mA 
mA 
mA 

ohm. 
per cent 

watts 
volts 

For fixed-bias operation ." . . . . . . . . . . 0.3 megohm 
For cathode-bias operation 1 megohm 

o Grid-No.2 input may reach 7 watts during peak levels of speech and music signals. 

Push-Pull Class ABl Amplifier 
MAXIMUM RATINGS (Same as for class Al amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage 
Grid-No.2 Voltage 
Grid-No.1 Voltage 
Peak AF Grid-No.1 Voltage 
Zero-Signa] Plate Current 
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 
Effective Load nesi,tance (Plate-to-plate) 
Total Harmonic Dj~tortion 
Maximum-Signal Power Output 

Refer to chart at end of section. 

300 
250 

-21 
42 

100 
185 
5.5 
24 

4000 
2 

28.5 

400 
300 

-34 
60 
56 

175 
3.5 
24 

5000 
6 

40 

7360 

volts 
volta 
volts 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
per cent 

watts 
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7408 BEAM POWER TUBE 

Glass octal type used as output amplifier tube in high
quality sound systems. Outlines section, l3D; requires 
octal socket. 

Heater Voltage (ac/dc) ......................................... . 
Heater Current ................................................. . 
Heater-Cathode Voltage: 

Peak value ................................................ . 
Average value .........................••.......••.••....... 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ........................................ . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class Ai Amplifier 
MAXIMUM RATINGS (Design·Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage .................................• 
Grid-No.2 Input ................................................ . 
Plate Dissipation ............................................... . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .................................... . 
Grid-No.2 Voltage ................................ . 
Grid-No.1 (Control-Grid) Voltage ................. . 
Peak AF Grid-No.1 Voltage ....................... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Load Resistance .................................. . 
Total Harmonic Distortion ....................... . 
Maximum-Signal Power Output ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No."1-Circuit Resistance: 

60 
250 

o 

p~G24 sCI 

2 7 
11 H 

18 K 
NC G3 

6.3 
0.45 

±200 
100 

0.7 
9 

7.5 

350 
315 
2.2 
14 

250 
250 

-12.5 
12.5 

45 
47 

4.5 
7 

50000 
4100 
5000 

7 
4.5 

7AC 
volts 

ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

watts 
watts 

volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

ohms 
JLmhos 

ohms 
per cent 

watts 

For fixed-bias operation ..................................... 0.1 megohm 
For cathode-bias operation ................................... 0.5 megohm 

• This value can be measured by a method involving a recUl"rent waveform such that the 
maximum ratings of the tube will not be exceeded. 

7543 SHARP-CUTOFF PENTODE 

Miniature type used in compact audio equipment. Out
lines section, 5C; requires miniature 7-contact socket. 
This type is identical. with miniature type 6AU6A ex
cept that it has a controlled hum characteristic. 
HUM OUTPUT VOLTAGE 

~
H4 : 

H G2 
3 b 

2 . 7 
G3 K 
IS 

.1 . 

GI 

78K 

Average Value, (rm6, cathode bypassed) ......................... 1.2t millivolts 
Average Value (rms, cathode unbypassed) ........................ 0.9. millivolt 
t Measured in "true rms" units under the following conditions: heater volts (ac), 6.3; center 
tap of heater transformer connected to ground; plate and grid-No.2 supply volts, 250; plate 
load resistor, 0.27 megohm; grid No.3 and internal shield connected to cathode at socket; 
grid-No.2 resistor, 0.68 megohm.; grid-No.1 resistor, 0.1 megohm; cathode resistor, 1000 ohms; 
grid resistor of following stage, 10 megohms; and stage gain, 340 . 

• Same conditions as above except that cathode resistor is unbypassed and stage gain is 110. 
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BEAM POWER TUBE 7551 H 

INDUSTRIAL 
TYPE 

9LK 

Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications epuipment. Outlines 
section, 6E; requires miniature 9-contact socket. Curves 
shown under type 7558 also apply to the 7551. 

Heater Voltage (ae/de) .. 
Heater Current ............ . 
Peak Heater-Cathode Voltage 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ............. . 
Grid No.1 to Cathode, Grid No.3, Grid No.2 and Heater 
Plate to Cathode, Grid No.3, Grid No.2 and Heater 

Bulb Temperature (At hottest point on bulb surface) 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance-CCS or ICAS operation 

CHARACTERISTICS 
Heater Voltage .. ' 
Plate Voltage 
Grid No.3 ...... . 
Grid-No.2 Voltage 
Grid-No.1 Voltage 
Mu-Factor, Grid No.2 to Grid No.1 
,Transconductance 
Plate Current 
Grid-No.2 Current 

Class A, Amplifier 

13.5 ±1.5 volts 
0.36 ampere 

±100 max. volts 

0.15 max. pF 
10 pF 
5.5 pF 

225 max. °C 

0.1 megohm 

13.5 volts 
250 volts 

Connected to cathode at socket 
250 volts 

-18 volts 
8.7 

5300 
40 

3 

I'mhos 
mA 
mA 

AF Power Amplifier & Modulator-Class AB, • 
MAXIMUM ccs- RATINGS (Absolute-Maximum Values) 
DC Plate Voltage ............................ . 
Grid No.3 (Suppressor Grid) 
DC Grid-No.2 (Screen-Grid) Voltage 
Max.-Signal DC Plate Current
Max.-Signal Plate Input-
Max.-Signal Grid-No.2 Input-
Plate Dissipation- .............. . 

TYPICAL CCSPUSH-PULL OPERATION 

Hea tel' Voltage 
DC Plate Voltage 
Grid No.:i ............ . 
DC Grid-No.2 Voltage§ 
DC Grid-No.1 Voltage§ 

Values are for 2 tubes 

Peak AF Grid-No.1-to-Grid-No.1 Voltage 
Zero-Signal DC Plate Current 
Max.-Signal DC Plate Current 
Zero-Signal DC Grid-No.2 Current 
Max.-Signal DC Grid-No.2 Current 
Effective Load Resistance (Plate to plate) 
Max.-Signal Driving Power . ........ . 
Total Harmonic Distortion 
Max.-Signal Power Output (Approx.) 

375 
o 

300 
70 
21 

2 
10 

volts 
volt 

volts 
rnA 

watts 
watts 
watts 

13.5 volts 
300 volts 

Connected to cathode at socket 
250 volts 

-21 volts 
40 volts 
40 rnA 

125 rnA 
2 rnA 

14 rnA 
5000 ohms 

o watts 
5 % 

20.5 watts 

RF Power Amplifier & Oscillator-Class C Telegraphyi' 
and 

RF Power Amplifier-Class C FM Telephony 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Up to 175 MHz 

ccs- ICAS--
DC Plate Voltage 375 375 
Grid No.3 (Suppressor Grid) o 0 

volts 
volt 
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DC Grid-No.2 (Screen-Grid) Voltage ............... . 
DC Grid-No.1 (Control-Grid) Voltage ............. . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ............................. . 
DC Grid-No.1 Current ............................. . 
Plate Input ...................................... . 
Grid-No.2 Input ................................... . 
Plate Dissipation ................................. . 

TYPICAL OPERATION 
As amplifier at 175 MHz 

Heater Voltage .................................. . 

800 
-125 

70 
15 

5 
21 

2 
10 

CCS· 
13.5 13.5 

800 
-125 

80 
15 

5 
24 

2 
12 

ICAS·· 
13.5 

DC Plate Voltage ................................ . 
Grid No.3 ........................................ . 
DC Grid-No.2 VoltageDD .....••.••••.••••...•••.•• 

250 300 
Connected to 

200 200 

300 
cathode at 
250 

DC Grid-No.1 Voltage El)EI) •••••••••••••••••••••••••• 

Peak RF Grid-No.1 Voltage ....................... . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ........................... . 
DC Grid-No.1 Current (Approx.) ................. . 
Driver Power Output (Approx.)" 
Useful Power Output (Approx.)" . 

-40 -42 
47 52 
60 70 
3.7 3.7 
1.5 2.1 

1 1 
6.5 8.5 

-55 
62 
80 

5.1 
1.6 
1.5 
10 

Plate-Modulated RF Power Amplifier-Class C Telephony 
Carrier conditions per tube for use with a maximum modulation factor of 1 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Up to 175 MHz 
CCS. ICAS •• 

DC Plate Voltage ................................. . 300 300 
Grid No.3 (Suppressor Grid) ..................... . 
DC Grid-No.2 (Screen-Grid) Voltage .............. . 

o 0 
300 300 

DC Grid-No.1 (Control-Grid) oltage ............... . -125 -125 
DC Plate Current ................................ . 60 70 
DC Grid-No.2 Current ............................ . 10 10 
DC Grid-No.1 Current ............................ . 5 5 
Plate Input ......................... . .......... . 15 17.5 
Grid-No.2 Input ................................. . 1.4 1.4 
Plate Dissipation ................................. . 7 8 

TYPICAL OPERATION At 175 MHz 
Heater Voltage .................................. . 18.5 13.5 
DC Plate Voltage ................................ . 250 250 
Grid No.3 ....................................... . Connected to cathode at 
DC Grid-No.2 Voltage-" ........................... . 
DC Grid-No.1 Voltage* ........................... . 

From a grid-No.1 resistor of ................. . 
RF Grid-No.1 Voltage ............................. . 
DC Plate Current ................................. . 
DC Grid-No.2 Current ............................ . 
DC Grid-No.1 Current (Approx.) ................. . 
Driving Power (Approx.)&& ...................... . 
Useful Power Output· ........................... . 

Frequency Multiplier 
MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage ................................. . 
Grid No.8 (Suppressor Grid) ..................... . 
DC Grid-No.2 (Screen-Grid) Voltage ............... . 
DC Grid-No.1 (Control-Grid) Voltage ............. . 
DC Plate Current ............................... . 
DC Grid-No.2 Current ............................ . 
DC Grid-No.1 Current ............................ . 
Plate Input ....................................... . 
Grid-No.2 Input ................................... . 
Plate Dissipation ................................. . 

TYPICAL OPERATION As doubler to 175 MHz 
Heater Voltage ................................... . 
DC Plate Voltage ................................. . 
Grid No.3 .................................. . 
DC Grid-No.2 Voltage ........................... . 
DC Grid-No.1 VoltageEilEil •.•••••.•••••••••••••••••• 

From a grid-No.1 resistor of ................. . 
Peak RF Grid-No.1 Voltage ...................... . 

250 250 
-70 -75 

38000 33000 
75 80 
60 70 
2-5 3 
2.1 2.3 

1 1 
6.5 7.5 

CCS· 
375 

o 
300 

-125 
60 
15 

6 
13 

2 
10 

13.5 
250 

Connected 
200 

-63 
58000 

60 

ICAS·· 
375 

o 
300 

-125 
60 
15 

6 
15 

2 
12 

13.5 
250 

to cathode 
250 

--66 
44000 

74 

at 

volts 
volts 

mA 
mA 
mA 

watts 
watts 
watts 

volts 
volts 

socket 
volts 
volts 
volts 
mA 
mA 
mA 

watts 
watts 

volts 
volt 

volts 
volts 

rnA 
rnA 
rnA 

watts 
watts 
watts 

volts 
volts 

socket 
volts 
volts 
ohms 
volts 

rnA 
rnA 
rnA 

watt 
watts 

volts 
volt 

volts 
volts 
rnA 
rnA 
rnA 

watts 
watts 
watts 

volts 
volts 

socket 
volts 
volts 
ohms 
volts 
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DC Plate Current ................................ . 50 60 mA 
DC Grid-No.2 Current ........................... . 2.6 3.5 mA 

1 1.5 mA 
0.4 0.6 watt 

3 4.5 watts 

DC Grid-No.1 Current (Approx.) ................. . 
Driving Power (Approx.) ............................ . 
Useful Power Output" ........................... . 

As tripler to 175 MHz 
Heater Voltage ................................... . 13.5 13.5 volts 
DC Plate Voltage ..... . ........... . 200 250 volts 
Grid No.3 ........................................ . Connected to cathode at socket 

200 250 volts 
-90 -120 volts 

DC Grid No.2 Voltage. . . . .................. . 
DC Grid-No.1 VoltageEOOl .................. . 

From a grid-No.1 resistor of .......... . 50000 70000 ohms 
105 130 volts 

50 60 mA 
Peak RF Grid-NO.1 Voltage .............. . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ........................... . 3 3.9 mA 

1.85 1.7 mA 
0.4 0.6 watt 

DC Grid-No.1 Current (Approx.) ................. . 
Driving Power (Approx.)U ...................... . 
Useful Power Output" ........................... . 1.4 2.3 watts 

• Subscript 1 indicates that grid-No.1 current does not flow during any part of the input 
cycle. 

• Continuous Commercial Service . 
•• Intermittent Commercial and Amateur Service. 
• Averaged over any audio-frequency cycle of sine-wave form. 
t Key-down conditions per tube without amplitude modulation. Amplitude modulation essen

tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 
Obtained preferably from a fixed supply. 

00 Obtained preferably from a separate source or from the plate-voltage supply with a volt
age divider. If a series resistor is used. it should be adjustable to obtain the desired 
operating plate current after initial tuning adjustments are completed. 

eeObtained from a grid-No.1 resistor or from a combination of grid-No.1 resistor with 
either fixed supply or cathode resistor. 

"Driver stage is required to supply tube losses and rf-circuit losses. The driver stage 
should be designed to provide an excess of power above the indicated values to take care 
of variations in line voltage, components, initial tube characteristics, and tube charac
teristics during life. 

" Measured at load. 
... Obtained preferably from a separate source modulated along with the plate supply. or 

from the modulated plate supply through a series resistor. It is l'ecommended that this 
resistor be adjustable to obtain the desired operating plate current after initial tuning 
adjustments are made. 

* Obtained from a grid-No.1 resistor or from a combination of grid-No.1 resistor with 
either fixed supply or cathode resistor. The combination of grid-No.1 resistor and fixed 
supply has the advantage of not only protecting the tube from damage through loss of 
excitation but also of minimizing distortion by bias-supply compensation. 

Special Ratings & Performance Data 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation ............................... . 2000 min. cycles 

LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage ................. . 200 max. mV 

H 

9LK 

Heater Voltage 
Heater Current 

7558 
INDUSTRIAL 

BEAM POWER TUBE 
TYPE 

Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. This 
type is identical with type 7551 except for heater volt
age and current. Special ratings and performance data 
for the 7551 do not apply to the 7'558. 

6.3±5% 
0.8 

volts 
ampere 
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TYPE 7558 
GRID-No.3 CONNECTED TO CATHODE 

AT SOCKET 
~ \<:l TYPE 7558 GRID-No2 VOLTS'250 

~300f-I-A~~Ib!l..:::;!!10~-GR'R, ~~fH~~~~1fTED 25 3 I SOCKET. 
~ GRID No.2 VOLTS'250 

(J) 20 
w 
a: 
~ 15 
::;; 
<t 
::::; 
-J 10 
::;; 

~ 5 , 

"'" 
" 

\ \ 
\ \ 15 

1\ 
\ 

10 

\. 5 

\ GRID-No.1 VOLTS ECI =0 a 
oc 

'100 200 300 
PLATE VOLTS 

\:> 0 100 200 300 

92CS-I0304T PLATE VOLTS 92CS-I0307TI 

7581A BEAM POWER TUBE 
Glass octal type used in af power-amplifier applica
tions. Outlines section, 19D; requires octal socket_ For 
typical operation as push-pull class A" class AB" and 
class AB, amplifier, refer to type 6L6GC. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Heater: volts (ac/dc), 6.3; amperes, 0.9; 
maximum heater-cathode volts, ±200. 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
PIa te Voltage 
Grid-No.2 (Screen-Grid) 'v~it":g~ 
Plate Dissipation 
Grid-No.2 Input 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance! 

For fixed-bias operation .. 
For cathode-bias operation 

Triode 
Connection* 

450 

35 

0.1 
0.5 

Class A, Amplifier (Pentode Connection) 
MAXIMUM RATINGS (Same as for Class At Amplifier) 
TYPICAL OPERATION 
Plate Voltage 
Grid-No.2 Voltage 
Grid-No.1 Voltage 
Plate Resistance (Approx.) 
Transconductance 
Plate Current 
Grid-No.2 Current ...................... . 
Load Resistance 
Total Harmonic rii~t~~ti~~';"'::::::::::::: 
Maximum-Signal Power Output ................ . 

70 
300 

O· 

210 
25 

Class A, Amplifier (Triode Connection) 
MAXIMUM RATINGS (Same as for Class A1 Amplifier) 
TYPICAL OPERATION 
Plate Voltage 
Grid-No.1 Voltage 
Peak AF' Grid-No.1 Voltage 

7AC 

Pentode 
Connection 

500 
450# 
35 

5 

volts 
volts 

watts 
watt. 

0.1 
0.5 

megohm 
megohm 

250 
250 

-14 
22500 
6000 

72 
5 

2500 
10 
6.5 

250 
-20 

20 

volts 
volts 
volts 
ohms 

/Lmhos 
mA 
mA 

ohms 
per cent 

watts 

volts 
volts 
volts 
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Amplification Factor .. 
Plate Resistance (Approx.) 
Transconductance ..... 
Zero-Signal Plate Current 
Maximum-Signal Plate Current 
Load Resistance ............... . 
Total Harmonic Distortion (Approx.) 
Maximum-Signal Power Output 

• Grid No.2 connected to plate. 

8 
1700 
4700 

40 
44 

5000 
5 

1.4 

505 

ohms 
/Lmhos 

mA 
mA 

ohms 
per cent 

watts 

# In push-pull circuits where grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer. this maximum rating is 500 volts. 

& Applied for short interval (2 seconds) so as not to damage tube. 

MEDIUM-MU TRIODE 7586 
INDUSTRIAL 

TYPE 

12AQ 

Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend
ing into the UHF region. Outlines section, 1; requires 
nuvistor socket. 

Heater Voltage (ac/dc) 
Heater Current ... 
Peak Heater-Cathode Voltage .......... . 
Direct Interelectrode Capacitance (Approx.): 

g~\~ t~ c~t.~".ie: ·Heater, and siie"li ...... . 
Plate to Cathode, Heater, and Shell ...... . 
Plate to Cathode ... . 
Hea ter to Cathode .. . 

Industrial Service 
MAXIMUM RATINGS (Abs:>lute-Maximum Values) 

Plate Supply Voltage 
Plate Voltage 
Grid Voltage: 

Negative-bias value 
Peak-positive value 

Grid Current ... 
Cathode Current 
Plate Dissipation 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:-

For fixed-bias operation ... 
For cathode-bias operation 

For operation at any altitude 

6.3 ±0.6 
0.135 
±100 max. 

2.2 
4.2 
1.6 

0.26 
1.4 

330 
110 

55 
4 
2 

15 
1 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 
pF 

volts 
volts 

volts 
volts 

mA 
mA 

watt 

0.5 megohm 
1 megohm 

• For operation at metal-shell temperature of 150'C. For 
peratures. see Grid-Circuit Resistance Rating Chart~ 

operation at other metal-shell tem-

Class AI Amplifier 
CHARACTERISTICS 
Plate Supply Voltage 75 volts 
Plate Voltage ........ 26.5 40 volts 
Grid Supply Voltage 0 0 0 volt 
Cathode Resistor 100 ohms 
Amplification Factor 31 35 35 
Grid Resistor 0.5 .5 megohm 
Plate Resistan~~· (Aj;p;·ox.) 4400 3000 3000 ohms 
Transconductance . 7000 11500 11500 ,'mhos 
Plate Current ....................... 2.8 7.5 10.5 mA 
Grid Voltage (Approx.) for plate p.A 10 -7 volts 
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Special Ratings & Performance Data 

SHOCK RATING 
Peak Impact Acceleration 

FATIGUE RATING 
Peak Vibrational Acceleration 

GRID-CIRCUIT-RESISTANCE RATING CHART 
10 8 

2 

2 
0,0 I 

I 

I\. 
,~ 

FIXED 
BIAS 

TYPE 7586 

CA~HOhE- f----
BIAS 

"\ '\. 
'\. 

" .'\ 
'\ 

o 50 100 150 200 250 

15 

12.5 

'" .... 
0: .... 10 
0.. 
::I 
<t 
:J 7.5 
..J 

~ 
.... 
~ 

5 

..J 
0.. 

0 40 

1000 max. 

2.5 max. 

60 80 METAL-SHELL TEMPERATURE-·C 
92CS-11911T PLATE VOLTS 

7587 SHARP-CUTOFF TETRODE 
INDUSTRIAl. 

TYPE 

Nuvistor type sharp-cutoff general-purpose tetrode for 
use in' a wide variety of industrial applications. Out
lines section, lAl; requires nuvistor socket. 
Heater Voltage (ac/dc) 
Heater Current .............. . 
Peak Heater-Cathode Voltage " 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate ,.... . .... , , . . . . . . . . . ............. . 
Grid No.1 to Cathode, Gl'id No.2, Shell, and Heater ........... . 
Plate to Cathode, Grid No.2, Shell, and Heater ............. . 
Heater to Cathode ......................................... . 

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 

Plate Supply Voltage .......................................... . 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Supply Voltage ........ . 
Grid-No.2 Voltage ............................................. . 
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value ........................................ . 
Peak-positive value ......................................... . 

Cathode Current .............. , ................................ . 
Grid-No.1 Current ............................................. . 
Grid-No.2 Input ................................................ . 
Plate Dissipation ............. . ................... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:-

For fixed-bias operation . 
For cathode-bias operation .... , ..... . 

• For operation at metal-shell temperature up to 150·C. 

6.3 ±0.6 
0.150 
±100 max. 

0.015 max. 
7.0 
1.4 
1.4 

330 
250 
330 
110 

55 
2 

20 
2 

0.2 
2.2 

0.5 
1 

g 

140 

92C$-I0460T2 

volts 
ampere 

volts 

pF 
pF 
pF 
pF 

volts 
volts 
volts 
volts 

volts 
volts 

mA 
mA 

watt 
watts 

megohm 
megohm 
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CHARACTERISTICS 
Plate Supply Voltage 
Grid-No.2 Supply Voltage 
Cathode Resistor 
Plate Resistance (Approx.) 
Transconductance 
Plate Current 
Grid-No.2 Current 

Class Ai Amplifier 

Gl·id~No.l Voltage (A}lJHOX.) for plate ILA 10 

SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 
Vibrational Acceleration 

I 

PLATE VOLTS=125 
GRID-No.2 VOLTS=50 

6000 If) 
o 
:x: 
:::;; 
o 
'" 

TYPE 7587 If 

/ I 
2000~ 

I 
E 

cf 

/ "'1 
/ / 

/ J -y) 
..-/ ~ ::.-

-4 3 2 I 
GRID-No. I VOLTS 

8000 ~ 
Z 

~ 
u 
:::> 
o 

400015 

o 

u 
If) 
Z 
<t 

'" f-

Special Ratings & Performance Data 

Hefer to chart at end of section. 

POWER PENTODE 

12'> 
50 
68 
0.2 

10600 
10 
2.7 

-4.5 

1000 max. 

2.5 max. 

7591 

507 

volts 
volts 
ohms 

megohm 
/Lmhos 

rnA 
rnA 

vo1ts 

g 

g 

7591 A 

~
G~ G:.K 

p 3 & GI 

:: 2 I --- 8 G2 7 H 

Glass octal type used as audio-frequency power-out
put tube in high-quality audio applications. Outlines 
section, 13D; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

8KQ 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Pia te Voltage ......... . 
Grid-No.2 (Screen-Grid) Voltage 
Cathode Current 
Plate Dissipation 
Grid-No.2 Input ................................ . 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage .... 
Grid-No.2 Voltage .............. . 
Grid-No.1 (Control-Grid) Voltage 
Peak AF Grid-No.1 Voltage 
Zero-Signal Plate Current ..... . 
Maximum-Signal Plate Current 
Zero-Signa) Grid-No.2 Current 

550 volts 
440 volts 
no rnA 
19 watts 

:L:j. \vatts 

300 volts 
300 volts 

-10 volts 
10 volts 
60 rnA 
75 rnA 

8 rnA 
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Maximum-Signal Grid-No.2 Cun'ent 
rl'riode Amplification Factor* 
Plate Resistance (Approx.) 
Tl'ansconductance 
Load Resistance ......... . 
Total Harmonic Distortion ..... . 
Maximum-Signal Power Output 

MAXIMUM CIRCUIT VALUES 
Gl'id-No.l-Circuit Resistance: 

15 
16.8 

29000 
10200 

3000 
13 
11 

rnA 

ohms 
J1mhos 

ohms 
per cent 

watts 

For fixed-bias operation '" 0.3 megohm 
For cathode-bias operation 1 megohm 

• Grid-No.2 input may reach 6 watts during peak levels of speech and music signals. 
* Triode connection. grid No.2 connected to plate. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values .are for two tubes) Fixed Bias 
Plate Supply Voltage ... 
Grid-No.2 Supply Voltage 
Grid-No.1 Supply Voltage 
Cathode-Bias Resistor 

(Common to both cathodes) 
Peak AF Grid-No.l-to-Grid-No.l Voltage 
Zero-Signal Plate Current 
Maximum-Signal Plate Current 
Zero~Signal Grid-No.2 Current ... 
Maximum-Signal Grid~No.2 Current 
Effective Load Hesistance (Plate-to-plate) 
Total Harmonic Distortion 
Maximum-Signal Power Output 

7695 Refer to 

7717/6CY5 Refer to 

7724/14GT8 Refer to 

350 450 
:J50 400 

-15.5 -21 

31 
92 

laO 
13 

28.6 
6600 

2 
80 

chart at 

chart at 

chart at 

42 
66 

144 
9.4 
30 

6600 
1.5 
45 

end of 

end of 

end of 

Cathode Bias 
450 
400 

200 
28 
82 
94 

11.5 
22 

9000 
2 

28 

section. 

section. 

section. 

7788 Refer to chart at end of section. 

7868 POWER PENTODE 

N oval" type used in output stages of high-fidelity audio 
amplifiers and radio receivers. Outlines section, He or 
30D; requires novar 9-contact socket. This tube, like 
other power-handling tubes, should be adequately ven
tilated. 

Heater Voltage (ac/de) 
Heater Current 
Heater-Cathode Voltage: 

Peak value ................................................. . 
Average value ............................. . 

Direct Interelectrode Capacitances (Approx.): 
Grid No.1 to Plate 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate ·Voltage . . 
Grid-No.2 (Screen-Grid) Voltage 
AveraJZ'e Cathode Current ... . 
Plate Dissipation ............................... . 
Grid-No.2 Input . 
Bulh Temperature (At hottest point) 

H 

6.3 
0.8 

±200 max 
100 max 

0.15 
11 

4.4 

550-
440 

90 
19 

3.3 0 

240 

volts 
volts 
volts 

ohms 
volts 

rnA 
rnA 
rnA 
rnA 

ohms 
per cent 

watts 

volts 
ampere 

volts 
volts 

pF 
pF 
pF 

volts 
volts 

rnA 
watts 
watts 

·C 
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TYPICAL OPERATION AND CHARACTERISTICS 
Plate Supply Voltage ............................. . .......... . 
Grid-No.2 Voltage ....... . ............................ . 
Grid-No.1 (Control-Grid) Voltage ........................ . 
Peak AI" Grid-No.1 Voltage .......... . 
Zero-Signal Plate Current .......... . 
Maximum-Signal Plate Current .. . ........ . 
Zero-Signal Grid-No.2 Current .. ' 
Maximum-Signal Grid-No.2 Current ......................... . 
Plate Resistance (Approx.) 
Transconductance 
l~ffective Load Resistance 
Total Hal"monic Distortion ... 
Maximum-Signal Power Output 

-N 

TYPE 7868 I I 
GRID-No.2 VOLTS=300 

o 250 
t! 
N 

~1!l200 
115 
co. 
~~ 150 

0::::1 
~:i 100 .., 
t!. 

50 

V 
~ 
Il=;' 
I'" 

~ 

I ~OLr:r ..J!~~ 

-l-
f..-~ I 

lb -I~ 
-15 E£l=O 

--'20' - 'I 
o 100 200 300 400 500 600 

-

PLATE VOLTS 92CS-II075T 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

300 
300 

-10 
10 
60 
75 

8 
15 

29000 
10200 

:;000 
1:\ 
11 

5Ul:J 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
.umhos 

ohms 
per cent 

watts 

For fixed-bias operation . . . . . . . . . . . . . . . . . . . . 0.:1 megohm 
For cathode-bias operation 1 megohm 

• In push-pull circuits where the grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum rating is 440 volts . 
• Grid No.2 input may reach 6 watts during peak levels of speech and music signa1s. 

Push-Pull Class AB. Amplifier 
MAXIMUM RATINGS (Same as for class Al amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Supply Voltage .... 
Grid-No.2 Supply Voltage 
Grid-No.1 Voltage.... . .... 
Cathode-Bias Resistor (Common 

to both cathodes) ..... 
Peak AF Grid-No.1-to-

Grid-No.1 Voltage ... 
Zero-Signal Plate Current ..... 
Maximum-Signal Plate Current. 
Zero-Signal Grid-No.2 Current 
lIfaximum-Signal Grid-No.2 

Current ................. . 
Effective Load Resistance 

(Plate-to-plate) ....... . 
Total Harmonic Distortion 
Maximum-Signal Power Output 

300 
300 

-12.5 

25 
'i4 

116 
10 

28 

6600 
5 

24 

350 
350 

-16.5 

31 
72 

130 
9.5 

32 

6600 
2.5 
30 

Fixed Bias 
400 450 
350 350 

-16 -16.5 

32 33 
64 60 

135 142 
8 7.2 

28 26 

6600 6600 
2 2.5 

34 38 

Push-Pull Class AB, Amplifie( 

450 
400 

-21 

42 
40 

145 
5 

30 

6600 
5 

44 

Cathode 
Bias 
450 
400 

170 

:n 
86 
94 
10 

20 

10000 
2 

28 

volts 
volts 
volts 

ohms 

volts 
mA 
mA 
mA 

mA 

ohms 
per cent 

watts 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer· 
MAXIMUM RATINGS (Same as for class Al amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ..... . .............. . 
Grid-No.2 Supply Voltage ........................ . 
Grid-No.1 Voltage ................................ . 
Cathode-Bias Resistor (Common to both cathodes) .. 

Fixed Bias Cathode Bias 
400 425 

• • 
--·20.5 

185 

volts 
volts 
volts 
ohms 
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Peak AF Grid-No.1-to-Grid-No.l Voltage ........... . 
Zero-Signal Plate Current ......................... . 
Maximum-Signal Plate Current ................... . 
Zero-Signal Grid-No.2 Current .................... . 
Maximum-Signal Grid-No.2 Current ............... . 
Effective Load Resistance (Plate-to-plate) ......... . 

. Total Harmonie Distortion ....................... . 
Maximum-Signal Power Output ................... . 

41 
60 

116 
8 

18 
6600 

2.6 
23 

42 
88 

100 
12 
16 

6600 
3.5 
21 

volts 
mA 
mA 
mA 
rnA 

ohms 
per cent 

watts 
• Grid No.2 supply voltage is obtained from taps on the primary winding of the output trans
former. The taps are located on each side of the center tap (B+) so as to apply 60 per cent 
of the plate signal voltage to the grid No.2 of each output tube. 

7895 HIGH-MU TRIODE 
INDUSTRIAL 

TYPE 

Nuvistor type high-mu triode for use in a wide variety 
of industrial applications. Outlines section, 1; requires 
nuvistor socket. 

Heater Voltage (ac/dc) ........................................ . 
Heater Current ................................................. . 
Peak Heater-Cathode Voltage ................................... . 
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate .............................................. . 
Grid to Cathode, Shell, and Heater ......................... . 
Plate to Cathode, Shell, and Heater ....................... . 
Plate to Cathode ........................................... . 
Heater to Cathode ......................................... . 

Industrial Service 
MAXIMUM RATINGS (Absolute·Maximum Values) 

For operation at any altitnde 
Plate Supply Voltage ........................................... . 
Plate Voltage .................................................. . 
Grid Voltage: 

Negative-bias value ......................................... . 
Peak-positive value .............. ' ........................... . 

Grid Current ................................................... . 
Plate Current ................................................. . 
Cathode Current ................................................ . 
Plate Dissipation .............................................. . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: * 

For fixed-bias operation .................................... . 
For cathode-bias operation .................................. . 

• For operation at metal-shell temperature up to 150·C. 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage .......................................... . 
Grid Supply Voltage ........................................... . 
Cathode Resistor ............................................... . 
Amplification Factor ........................................... . 
Plate Resistance (Approx.) .................................... . 
Transconductance ............................................... . 
Plate Current ................................................. . 
Grid Voltage (Approx.) for plate p.A = 10 ..................... . 

SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 

Special Ratings & Performance Data 

Vibrational Acceleration ....................................... . 

6.3 ±10% volts 
0.136 ampere 
±100 max. volts 

0.9 pF 
4.2 pF 
1.7 pF 

0.22 pF 
1.3 pF 

330 volts 
110 volts 

65 volts 
2 volts 
2 mA 

20 mA 
16 mA 
1 watt 

0.5 megohm 
1 megohm 

110 volts 
0 volts 

150 ohms 
64 

6800 ohms 
9400 I'mhos 

7 rnA 
-4 volts 

1000 max. g 

2.5 max. g 
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TYPE 7895 

100 200 300 
PLATE VOLTS 92CS-I0965T 

Refer to chart at end of section. 7898 

LC 

BEAM POWER TUBE 7905 
INDUSTRIAL 

TYPE 

9PB 

Miniature quick-heating-filament beam power tube for 
use as an RF oscillator, amplifier and frequency multi
plier in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. 

Operating Position . . . . ... 
Vertical, base up or down. or Horizontal 
with pins 2 and 8 in vertical plane 

Filament Voltage ........... . 
Filament Current ......... . 
Heating Time .. . . . . . . .... 
Direct Interelectrode Capacitances: 

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

Bulb Temperature (At hottest point on bulb surface) 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance 

CHARACTERISTICS 
Plate Voltage .. 
Grid No.3 
Grid-No.2 Voltage 
Grid-No.1 Voltage 
Mu-Factor, Grid No.2 to 
Transconductance 
Plate Current 
Grid-No.2 Current .. 

Class A, Amplifier 

6.3 ±10% volts 
0.65 ampere 

Less than second 

Connected 

0.14 max. pF 
8.5 pF 
5.5 pF 

225 max. ·C 

0.1 

200 
to pin 
185 
-6 
11.5 

6700 
36 
2.5 

megohm 

volts 
1 at socket 

volts 
volts 

JLmhos 
mA 
rnA 

RF Power Amplifier & Oscillator-Class C Telegraphy' 
and 

RF Power Amplifier-Class C FM Telephony 
MAXIMUM ICAS" RATINGS (Absolute-Maximum Values) 

DC Plate Voltage .......... . 
Grid No.3 (Suppressor Grid) 
DC Grid-No.2 (Screen-Grid) Supply Voltage 
DC Grid-No.2 Voltage 
DC Grid-No.1 (Control-Grid) Voltage 
DC Plate Current ... 
DC Grid-No.2 Current 

Up to 175 MHz 
.. . . 300 
Connect to pin 1 at 

300 
250 

-125 
60 
10 

volts 
socket 

volts 
volts 
volts 

mA 
mA 
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DC Grid-No.1 Current ........ . ................................ . 
Plate Input .................................................... . 
Grid-No.2 Input .............. . ............................... . 
Plate Dissipation ............................................... . 

TYPICAL ICAS' OPERATION· 
A. amplifier at 175 MHz 

DC Plate Voltage ................................. . 
Grid No.3 ........................................ . 

'DC Grid-No.2 Voltaged •................•.•.•••.•.. 

DC Grid-No.1 Voltage" from a grid-No.1 resistor of 
18,000 ohms .................................. . 

Peak RF Grid-No.1 Voltage ....................... . 
DC Plate Current ............................... . 
DC Grid-No.2 Current ............................ . 
DC Grid-No.1 Current (Approx.) ................. . 
Driving Power f (Approx.) ....................... . 
Useful Power Output" (Approx.) ................. . 

300 
Connected 

160 

-36 
41 
50 
2.5 

2 
1 

5.5 

5 
18 

1.5 
10 

300 
to pin 
185 

-39 
43 
60 

4 
2.2 

1 
7 

Plate-Modulated RF Power Amplifier-Class C Telephony 

1 at 

mA 
watts 
watts 
watts 

volts 
socket 

volts 

volts 
volts 

mA 
mA 
mA 

watt 
watts 

Carrier eonditions per tube for use with a maximum modulation factor of I 

MAXIMUM ICAS' RATINGS (Absolute-Maximum Values) 
Up to 175 MHz 

DC Plate Voltage .............................................. 250 volts 
Grid No.3 ................................................ Connected to pin 1 at socket 
DC Grid-No.2 Voltage ........................................... 250 volts 
DC Grid-No.1 Voltage ........................................... -125 volts 
DC Plate Current ............................................... 60 mA 
DC Grid-No.2 Current ........................................... 10 mA 
DC Grid-No.1 Current ........................................... 5 mA 
Plate Input ............................................... 15 watts 
Grid-No.2 Input ................................................. 1.4 watts 
Plate Dissipation ................................................ 7 watts 

TYPICAL ICAS' OPERATION" 
At 175 MHz 

DC Plate Voltage ........................ . ...... .. .... . 250 volts 
Grid No.3 ........................................... . . . . Connected to pin 1 at socket 
DC Grid-No.2 Voltage" ......................................... 250 volts 
DC Grid-No.1 Voltage" from a grid-No.1 resistor of 33,000 ohms .. -70 volts 
Peak RF Grid-No.1 Voltage .................................... 75 volts 
DC Plate Current ....................................... 60 mA 
DC Grid-No.2 Current ........................ ,................. 2.5 mA 
DC Grid-No.1 Current (Approx.) ................................ 2.1 mA 
Driving Power! (Approx.) ...................................... 1 watt 
Useful Power Outputg (Approx.) ................................ 6.5 watts 

Frequency Multiplier 
MAXIMUM ICAS' RATINGS (Absolute-Maximum Values) 
DC Plate Voltage ............................................... . 300 
Grid No.3 ................................................ Connected to pin 

300 DC Grid-No.2 Supply Voltage ................................... . 
DC Grid-No.2 Voltage .......................................... . 
DC Grid-No.1 Voltage .......................................... . 
DC Plate Current .............................................. . 
DC Grid-No.2 Current .......................................... . 
DC Grid-No.1 Current ......................................... . 
Plate Input .................................................... . 
Grid-No.2 Input ............................................... . 
Plate Dissipation ............................................... . 

TYPICAL ICAS' OPERATION· 
As doubler to 175 MHz 

DC Plate Voltage ................................ . 
Grid No.3 ........................................ . 
DC Grid-No.2 Voltaged ..............•........•... 
DC Grid-No.1 Voltagee from a grid-No.1 l'esistor of 

53,000 ohms .................................. . 
Peak RF Grid-No.1 Voltage ....................... . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ........................... . 
DC Grid-No.1 Current (Approx.) ................. . 
Driving Power f (Approx.) ........................ . 
Useful Power Outputl (Approx.) .......... . 

250 
Connected 

200 

-53 
60 
45 
3.4 

1 
0.4 
2.5 

250 
-125 

50 
10 

5 
15 
1.5 
10 

300 
to pin 
215 

-80 
87 
50 

3.4 
1.5 
0.5 
3.5 

volts 
1 at socket 

volts 
volts 
volts 

1 at 

mA 
mA 
mA 

watts 
watts 
watts 

volts 
socket 

volts 

volts 
volts 
mA 
mA 
mA 

watt 
watts 
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As tripler to 175 MHz 
DC Plate Voltage ............................... .. 250 250 volts 
Grid No.3 ........................................ . Connected to pin 1 at socket 
DC Grid-No.2 Voltage" ........................... . 180 225 volts 
DC Grid-No.1 Voltage' from a grid-No.1 resistor of: 

50,000 ohms .................................. . 
60,000 ohms .................................. . 

Peak RF Grid-No.1 Voltage .......... . 
DC Plate Current ................................ . 
DC Grid-No.2 Current ............................ . 
DC Grid-No.1 Current (Approx.) ................. . 
Driving Power' (Approx.) ....................... . 
Useful Power Output" (ApPI·OX.) ................. . 

-90 

105 
40 
2.5 
1.8 
0.4 
1.4 

-108 
118 

50 
3.4 
1.8 
0.6 

2 

volts 
volts 
volts 
mA 
mA 
mA 

watt 
watts 

R Key-down conditions per tube without amplitude modulation. Amplitude modulation essen
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carriel' conditions. 

b Intermittent Commercial and Amateur Service. 
c Pins 4 and 5 at rf ground. 
d Obtained preferably from a separate source 01' from the plate-voltage supply with a volt

age divider. If a series resistor is used, it should be adjustable to permit obtaining the 
desired operating plate current after initial tuning adjustments are completed. 

e Obtained from a grid-No.1 resistor, or from a combination of grid-No.1 resistor and 
either fixed supply or cathode resistor. The combination of grid-No.1 resistor and fixed 
supply has the advantage of not only protecting the tube from damage through loss of 
excitation but also of minimizing distortion by bias-supply compensation. 

f Driving power includes circuit losses and is the actual power measured at the input to 
the grid circuit. 

g Measured at load. 
h Obtained preferably from a sepal'ate source modulated along with the plate supply, or 

from the modulated plate supply thl·ough a series resistor. It is recommended that this 
resistor be adjustable to permit obtaining the rlesired operating plate current after initial 
tuning adjustments are made. 

TYPE 7905 
GRID No.3 CONNECTED TO PIN I AT SOCKET 

300 GRID-No.2 VOLTS -185 --1..-. IE _1'5 
-;, GRID- No.1 VOLTS I Cl-
~ , 

~~--~--L-~~~~~~~4~08 

92CS-19178T 

MEDIUM-MU TRIODE 8056 
INDUSTRIAl, 

TYPE 

12AQ 

Nuvistor type, medium-mu triode for use in low volt
age industrial applications. Outlines section, 1; requires 
nuvistor socket. 

Heater Voltage (ac/dc) ........................... . 
Heater Current ....... . ......... . 
Peak Heater-Cathode Voltage ..... 

6.3 ±0.6 
0.135 
±100 

volts 
ampere 

volts 
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Direct Interelectrode Capacitances (Approx.): 
Grid to Plate ............................................. . 
Grid to Cathode, Shell, and Heater ......................... . 
Plate to Cathode, Shell, and Heater ......................... . 
Plate to Cathode ........................................... . 
Heater to Cathode .......................................... . 

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 
Plate Voltage ................................................. . 
Grid Voltage: 

Negative-bias value ........ . ............................... . 
Peak-positive value ......................................... . 

Grid Current ................................................... . 
CatJ.ode Current ............................................... . 
Plate Dissipation ............................................... . 

TYPICAL OPERATION 
Plate Supply Voltage . . ...................... . 
Grid Supply Voltage . . .............. . 
Grid Resistor ..................................... . 
Amplification Factor ............................. . 
Plate Resistance (Approx.) ....................... . 
Transconductance ................................ . 
Plate Current .................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: * 

12 

33000 
12 

1500 
8000 

5.5 

2.1 
4.0 
1.7 

0.34 
1.4 

50 

55 
2 
2 

15 
0.45 

24 
0.7 

12 
1500 
8000 

9_5 

pF 
pF 
pF 
pF 
pF 

volts 

volts 
volts 
mA 
mA 

watt 

volts 
volt 

ohms 

ohms 
/Lmhos 

mA 

For- fixed-bias operation ..................................... 10 megohms 
For cathode-bias operation ................................... 10 megohms 

• For operation at metal-shell temperatures up to 150°C. For operation at other metal-shell 
temperatures, see Grid-Circuit Resistance Rating Chart. 

Class At Amplifier 
CHARACTERISTICS 
Plate Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 volts 
Grid ........................................ Connected to negative end of cathode resiotor 
Cathode Resistor ...... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 ohms 
Amplification Factor ............................................ 11.5 
Plate Resistance (Approx.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1530 
Transconductance ................................ . . . . . . . . . . . . . . . 7500 
PI" te Current .................................................. 8.7 
Grid Voltage (Approx.) for plate /LA = 50 .................... -5 

SHOCK RATING 
Impact Acceleration 

FATIGUE RATING 
Vibrational Acceleration 

Special Ratings & Performance Data 

1000 max. 

2.5 max. 

ohms 
/Lmhos 

rnA 
volts 

g 

GRID-CIRCUIT RESISTANCE RATING CHART 

'" ILl 
a:: 
~IO 
:::0 
< 
::::i 
..J 

:::0 

10 

0.01 

8 
6f- TYPE 8056 \ 

8 
6 

2 

o 

~ATHODE ~IA~ 
FIXE8RBIAS \ 

1\ 
\ 

\. 

\ 

50 100 150 200 250 
METAL-SHELL TEMPERATURE--oC 

92CS-1I479TI 
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Refer to chart at end of section. 8058 

POWER PENTODE 8077/7054 
INDUSTRIAL 

TYPE 

9GK 

Miniature type for use as a class C radio-frequency am
plifier, oscillator and frequency multiplier up to 40 MHz 
in mobile communications equipment. Outlines section, 
6B; requires miniature 9-contact socket. 

Hea tel" Voltage 
Heater Current 
Peak Heater-Cathode Voltage 
Direct Intel'electrode Capacitances (Appl'ox.): 

Grid No.1 to Plate 
Grid No.1 to all other Electrodes except Plate 
Plate to all other Electrodes except Grid No.1 

Class A,-AF Power Amplifier 
MAXIMUM RATINGS (Absolute-Maximum Values) 
PIa te Voltage 

13.5 ±1.5 
0.275 
±120 max, 

0.06:1 
10.2 

3.5 

volts 
ampere 

volts 

pF 
pF 
pF 

330 volts 
Grid-No.3 (Suppressor Grid) 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.1 (Control-Grid) Voltage: 

Connected to cathode at socket 

Negative-bias value 
Positive-bias value 

Grid-No.2 Input 
Plate Dissipation 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
F'or cathode-bias operation 

CHARACTERISTICS 
Heater Voltage 
Plate Supply Voltage 
Grid No.3 
Grid No.2 Supply Voltage 
ea thode Resis tor 
Plate Resistance (ApJll'ox.) 
Transconductance 
Plate Current 
Grid-No.2 Current 
Grid-No.1 Voltage (Approx.) for plate flA = 20 

180 volts 

55 volts 
0 volt 
1 watt 

watts 

0.1 megohm 
0.25 megohm 

1:1.5 volts 
250 volts 

Connected to cathodf' at socket 
150 volts 
12() ohms 
0.1 megohm 

ll500 .umhm; 
I!} rnA 

;-Lfi rnA 
-10 volts 

RF Power Amplifier & Oscillator-Class C Telegraphy" 
and 

RF Power Amplifier-Class C FM Telephony 

MAXIMUM CCS" RATINGS (Absolute-Maximum Values) 

DC Plate Voltage :lOO volts 
DC Grid No.3 (Suppressor-Grid) Connected to cathode at socket 
DC Grid-No.2 (Screen-Grid) Voltage 
DC Grid-No.1 (Control-Grid) Volta"e: 

Negative-bias value 
DC Plate Current 
DC Grid-No.2 Curren! 
DC Grid-No.1 Current 
Grid-No.2 Input 
Plate Dissipation 

TYPICAL OPERATION 
At frequen(·ies up to 40 IVIHz 

DC Plate Volta"e 
Grid No.8 
DC Grio-No.2 Voltage 
DC Grid-No.1 Volta~e 

2011 230 
Connected 

115 ].15 
-7 -9 

to 

175 volts 

50 
:l:l 

5.5 

:lllil 
eathode 
175 

----12 

at 

volts 
rnA 
rnA 
rnA 

\vatt 
wntb., 

volts 
socket 

volts 
volts 
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Peak RF Grid-No.1 Voltage ..................... . 
DC Plate Current ............................... . 
DC Grid-No.2 Current .................. . 
DC Grid-No.1 Current (Approx.) ............ . 

MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance ... 

9 
14.5 

3 
0.6 

Frequency Multiplier 
MAXIMUM CCSb RATINGS (Absolute-Maximum Values) 

11 
20 
4.1 

0.85 

Same as for RF POWER AMPLIFIER & OSCILLATOR 
TYPICAL OPERATION 

As doubler up to 40 MHz 
DC Plate Voltage ..... . . . . . . . . . . . . . . . . . . . . . . . . . 200 250 
Grid No.3 ............. . . . . . . . . . . . . . . Connected to 
DC Grid-No.2 Voltage . . . . . . . . . . . . . . . 115 145 
DC Grid-No.1 Voltage ..... . . . . . . . . . . . . . -16 -20 
Peak RF Grid-No.1 Voltage . . . . . . . . . . . . . . . . 19 24 
DC Plate Current ..... . . . . . . . . . . . . . . . . . 11 15 
DC Grid-No.2 Current ............................. 2 3 
DC Grid-No.1 Current (Approx.) ....... .......... 0_3 0.45 
Driving Power (Approx.) ......................... 5 9 
Useful Power Output (Approx.) ............... 1.4 1.9 

MAXIMUM CIRCUIT VALUE 
Grid-No.I-Circuit Resistance 

16 
26 

5.5 
1 

0.1 

300 
cathode 
175 

-25 
31 
20 

4 
0.6 
13 

2.5 

0.1 

volts 
rnA 
rnA 
mA 

megohm 

volts 
at socket 

volts 
volts 
volts 

mA 
mA 
mA 
rnW 

watts 

megohm 

It Key-down conditions per tube without amplitude modulation. Amplitude modulation essen .. 
tialiy negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carrier conditions. 

h Continuous Commercial Service. 

'" ~ 200 
"! 
o 

'f ::lISO 
9a: a:", ",,-
a: :::;; 120 
0<1 
-:J 
.Q...J 

!:! Sl BO 

'" ~ 
...J 40 
"-

TYPE 807717054 
GRID No.3 CONNECTED TO CATHODE 

AT SOCKET. 
GRIDfo.2 ~OLTS'150 SI 

I~~ 
fI\_XC - 'l-c- -A \~IV 4 
~~ 3 

-1 2 
~. ECI'O .-1 I 

'/\ \ GRID-No.1 VOLTS E~2 
Lb 2 Si::: 2 --1 ECI'O 

'.J -,.\ ...... - +- - Ll - -~ L. J. -3 
-4 

o 100 200 300 400 500 

II> 

'" ffi 
":::;; 

20 <I :::; 
...J 

I o ~_ 
u 
!:! 

o .; 
Z 
I 

a 
n: 
" 

PLATE VOLTS 92CS-9778T 

8106 BEAM POWER TUBE INDUSTRIAL 
TYPE 

Miniature type for use as a frequency multiplier and 
driver in mobile communications equipment. Outlines 
section, 6B; requires miniature 9-contact socket. 

Heater Voltage .......... . 

i!::~elHe~~~~~C!thode \T~it~g~' ::: 

9PL 

13.5 ±1.5 
0.25 

±100 max. 

volts 
ampere 

volts 



TECHNICAL DATA 

Direct Interelectrode Capacitances: 
Grid No.1 to Plate ................................. . 
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... . 

Class At Amplifier 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage . 
Grid-No.2 (Screen-Grid) 
Grid-No.1 Voltage 
Plate Dissipation 
Grid-No.1 Current 
Cathode Current 

Voltage 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage ... . ......... . 
Grid-No.2 Voltage .............. . 
Grid-No.1 (Control-Grid) Voltage ........... . 
Plate Resistance (Approx.) ... . .......... . 
rl'ansconductance ......... . 
Plate Current .... . . . . . . . . . . . ....................... . 
Grid-No.2 Current ............................ . 
Grid-No.1 Voltage (Approx.) for plate p.A = 100 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE 
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0.09 pF 
10 pF 
2.8 pF 

330 volts 
300 volts 

-125 volts 
6.0 watts 
3.0 rnA 
40 rnA 

300 volts 
150 volts 

-3.5 volts 
90000 ohms 
9000 p.mhos 

16 rnA 
3.2 rnA 

-8 volts 

8136 

8203 

8233 

8393 
INDUSTRIAL 

TYPE 

12AQ 

Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend
ing into the UHF region. Outlines section, 1; requires 
nuvistor socket. The 8393 is the same as the 7586 ex
cept for the following items: 

Heater Voltage (ac/dc) ....................................... . 
Heater Current ................................................ . 

13.5 ±1.4 volts 
0.060 ampere 

Peak Heater-Cathode Voltage ................................... . ±100 max. volts 
Direct Interelectrode Capacitance (Approx.): 

Grid to Plate ............................................... . 2.4 pF 
Grid to Cathode, Heater, and Shell ......................... . 
Plate to Cathode, Heater, and Shell ......................... . 

4.4 pF 
1.6 pF 

Plate to Cathode ........................................... . 0.26 pF 
Heater to Cathode ......................................... . 1.7 pF 

P.3 BEAM POWER TU BE 8417 ~
024 $0, 

H 2 7 H 

I e 
P K 

Os 
BLY 

Glass octal type used as output amplifier in high
fidelity, high-power sound systems. Outlines section, 
19J; requires octal socket. This tube, like other power
handling tubes, should be adequately ventilated. 
Heater: volts (ac/dc), 6.3; amperes, 1.6; maximum 
heater-cathode volts, ±200 peak, 100 average. 
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Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage .................................................. . 
Grid-No.2 (Screen-Grid) Voltage ............................... . 
Cathode Current ............................................... . 
Plate Dissipation" ........................................ _ . 
Grid-No.2 Input . . ...................................... . 

CHARACTERISTICS 
Plate Voltage ..... . ..................................... . 
Grid-No.2 Voltage ..... . ................................... . 
Grid-No.1 (Control-Grid) Voltage ... . ....................... . 
Grid-No.1 Voltage for plate current of 1 rnA .......... . 
Plate Resistance ..................................... . 
Transconductance ..... . .................................... . 
Plate Current ................................... . 
Grid-No.2 Current .......... . ................................. . 
Triode Amplification Factor ................................... . 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 
For cathode-bias operation 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Class A1 Amplifier) 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage ..... . 
Grid-No.2 Supply Voltage 
Grid-No.1 Voltage ... 
Peak AF Grid-to-Grid Voltage 
Zero-Signal Plate Current 
Maximllrn-SiJrnal Plate Current 
Zero-Signal Grid-No.2 Current 
Maximum-Signal Grid-No.2 Current 
Effective Load (Plate-to-Plate) 
Total Harmonic Distortion 
Maximum Signal Power Output 

400 
275 

-13 
24 

150 
294 
4.4 
34 

2800 
2.5 
65 

660 
500 
200 
35 
5· 

300 
300 

-12 
-37 

16000 
23000 

100 
5.5 

16.5 

1 
0.25 

560 
300 

-15.5 
31 

100 
270 
3.4 
31 

4200 
2 

100 

volts 
volts 

rnA 
watts 
watts 

volts 
volts 
volts 
volts 
ohms 

/Lmhos 
rnA 
rnA 

megohm 
megohm 

volts 
volts 
volts 
volts 

mA 
rnA 
rnA 
rnA 

ohms 
per cent 

watts 

• A bias resistor or other means is required to protect thE" tube in absence of excitation. 
• Grid-No.2 may l'each 8 watts during peak levels of speech and music levels. 

8532 Refer to chart at end of section. 

8532/6J4WA Refer to chart at end of section. 

8532W Refer to chart at end of section. 

8627 Refer to chart at end of section. 

8627A Refer to chart at end of section. 

8628 Refer to chart at end of section. 

8808 Refer to chart at end of section. 

8950 Refer to chart at end of section. 

9001 Refer to chart at end of section. 

9002 Refer to chart at end of section. 

9003 Refer to chart at end of section. 

9005 Refer to chart at end of section. 

9006 Refer to chart at end of section. 
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Refer to type lS2A/DYS7. DY87 
Refer to type 6AKS/EABCS. EABC80 
Refer to type 6DCS/EBFS9. EBF89 
Refer to type 6DL4/ECSS. EC88 

Refer to type 6FY5/EC97. EC97 

Refer to type 12AT7/ECCSl. ECC8l 

Refer to type 12AU7A/ECCS2. ECC82 

Refer to type 12AX7A/ECCS3. ECC83 

Refer to type 6AQS/ECC85. ECC8S 

Refer to type 6ES8/ECClS9. ECCl89 

Refer to type 6BL8/ECFSO. ECF80 

Refer to type 6HGS/ECFS6. ECF86 

Refer to type 6X9/ECF200. ECF200 

Refer to type 6U9/ECF201. ECF20l 

Refer to type 6GJ7/ECFSOl. ECF80l 

Refer to type 6JWS/ECF802. ECF802 

Refer to type 6BMS/ECL82. ECL82 

Refer to type 6DX8/ECLS4. ECL84 

Refer to type 6GVS/ECLS5. ECL8S 

Refer to type 6GW8/ECLS6. ECL86 

Refer to type 6AM6(EF91. EF9l 
Refer to type 6BA6/EF93. EF93 
Refer to type 6AK5/EF95. EF95 

Refer to type 6EH7/EFlS3. EFl83 
Refer to type 6EJ7/EFlS4. EFl84 
Refer to type 6X9/EFL200. EFL200 
Refer to type 6CA 7 (EL34. EL34 
Refer to type 6BQ5/ELS4. EL84 
Refer to type 6CW5/ELS6. EL86 
Refer to type 6DL5/EL95. EL95 
Refer to type 6GB5/EL500. ELSOO 
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ELS09 Refer to type 6KG6A/EL509. 

ELL80 Refer to type 6HUS/ELLSO. 

EM84 Refer to chart at end of section. EM84/6GFG6 
EM87 Refer to type 6HU6/EMS7. 

EY88 Refer to type 6AL3/EYSS. 

EYSOO Refer to type 6EC4A/EY500. 

GZ34 Refer to type 5AR4/GZ34. 

HCC8S Refer to type 17EWS/HCCS5. 

LCF80 Refer to type 6LNS/LCFSO. 

LCF86 Refer to type 5HGS/LCFS6. 

LCF201 Refer to type 5U9/LCF201. 

LCF801 Refer to type 5GJ7/LCFSOl. 

LCF802 Refer to type 6LXS/LCFS02. 

LCL84 Refer to type lODXS/LCLS4. 

LCL8S Refer to type lOGVS/LCLS5. 

LF183 Refer to type 4EH7/LF1S3. 

LF184 Refer to type 4EJ7/LF1S4. 

LFL200 Refer to type llY9/LFL200. 

LL86 Refer to type lOCW5/LLS6. 

LLSOO Refer to type lSGB5/LL500. 

LY88 Refer to type 20AQ3/LYS8. 

PC900 Refer to type 4HA5/PC900. 

PCC8S Refer to type 9AQS/PCCS5. 

PCC88 Refer to type 7DJ8/PCC88. 

PCF80 Refer to type 9AS/PCFSO. 

PCF86 Refer to type 7HG8/PCF86. 

PCF801 Refer to type SGJ7/PCFSOl. 

PCF802 Refer to type 9JWS/PCF802. 

PCL82 Refer to type 16A8/PCLS2. 

PCL84 Refer to type 15DQ8/PCL84. 
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Refer to type 6GV8/PCL85. PCL85 

Refer to type 25E5/PL36. PL36 

Refer to type 15CW5/PL84. PL84 

Refer to type 27GB5/PL500. PL500 

Refer to type 40KG6A/PL509. PL509 

Refer to type 29KQ6/PL5210 PL521 

Refer to type 17Z3/PY81. PY81 

Refer to type 30AE3/PY88. PY88 

Refer to type 42EC4A/PY500. PY500 

Refer to type 50BM8/UCL82. UCL82 

Refer to type 4ES8/XCC189. XCC189 

Refer to type 4BL8/XCF80. XCF80 

Refer to type 4GJ7/XCF8010 XCF801 

Refer to type 9GV8/XCL85. XCL85 

Refer to type 3EH7/XF183. XF183 

Refer to type 3EJ7/XF184. XF184 

Refer to type 8CW5/XL86. XL86 

Refer to type 13GB5/XL500. XL500 

Refer to type 16AQ3/XY88. XY88 

Refer to type 5ES8/YCC189. YCC189 
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RCA 

Type 

OA2WA· 
OA3· 

OA3A· 
OMA· 

OB2WA· 
Oe2· 

OC3A· 
D03A· 

OZ4 
OZ4G 
IA3 
IMP 

lA5GT 
lA6 

lA7GT 

lAC5 
*lAD2 

lAD5 
lAX2 

*lAY2 
*lB3GT 

lB4P 
lB5/ Twin 
25S 

lB7GT 

Characteristics 
Entertainment and Industrial 

Key to Chm·t: Type numbers shown in light face 
are discontinued types. Type numbers shown in 
bold face are available for replacement use, but 
are not recommended for new equipment design. 
Outline numbers refer to diagrams shown in 

Use 
Terminal Values to right give operat-

Name Out· Dia- Heater or ing conditions and character-
line gram Filament (F) istics for indicated typical use 

Volts Amperes 

Glow-Discharge Tube 50 580 Voltage Regulator 

GloW-Discharge Tube 22 4AJ Voltage Regulator 13C 

Gas-Triode 22 4V Relay Circuits 

Glow-Discharge Tube 50 580 Voltage Regulator 

Glow-Discharge Tube 50 580 Voltage Regulator 

GloW-Discharge Tube 13C 4AJ Voltage Regulator 

Glow-Discharge Tube 13C 4AJ Voltage Regulator 

Full-Wave Gas Rectifier 2A 4R Rectifier 

Full-Wave Gas Rectifier 290 4R Rectifier 

Diode 5C 5AP 1.4 0.15 Rectifier 

Remote-Cutoff Pentode 248 4M 2.0F 0.06 Class A Amplifier 

Power Pentode 130 6X 1.4F 0.05 Class A Amplifier 

Pentagrid Converter 248 &L 2.0F 0.06 Converter 

Pentagrid Converter 14A 7Z 1.4F 0.05 Converter 

Power Converter 29A BCP 1.25F 0.04 Class A Amplifier 

Half-Wave Rectifier 9A 12GV 1.25F 0.2 Pulsed Rectifier in 
TV Receivers 

Sharp-Cutoff Pentode 29A BCP 1.25F 0.04 Class A Amplifier 

Half-Wave Rectifier 7A 9Y 1.4F 0.65 Pulsed Rectifier in TV Receivers 

Half-Wave Rectifier 33A lAY2 1.25F 0.2 Pulsed Rectifier in 
TV Receivers 

Half-Wave Rectifier 14E 3C 1.25F 0.2 Pulsed Rectifier in TV Receivers 

Sharp-Cutoff Pentode 248 4M 2.0F 0.06 Class A Amplifier 

Diode-Medium-Mu Triode 22 or 6M 2.0F 0.06 Triode Unit as Class A Amplifier 
13H 

Pentagrid Converter 14A 7Z 1.4F 0.10 Converter 

• Industrial type * See Safety Precautions at end of this section. 



Chart for RCA 
Receiving Tubes 

the Outlines section in the Manual (see Table 
of Contents on page two. Terminal diagrams are 
included in numerical-alphabetical order in 
Terminal Diagram section. (See Table of Con
tents). 

Plate 

Volts 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen Cur· 
Grid rent 

Volts mA 

Plate 
Cur· 
rent 

mA 

AC Plate 
Resist' 
ance 

Trans· 
conduct· 

ance 

Ohms Micromhos 

Amplifi· 
cation 
Factor 

Power 

Out· 
Load put 

Ohms Watts 
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RCA 

Type 

For other characteristics, refer to Type OA2 OA2WA+ 
--------------------------~----~------------------ftOA3.-

n ~ WA+ 
130 25 OMA+ 

For other characteristics, refer to Type 082 OB2WA + 
--7.75~-------------------5~.3=0--~----~~-------------------nftOC2+-

For other characteristics, refer to Type OC3 OC3A + 

<u~~~~~~~~~F~or~o~t~he~r~c~h~ar~a~ct~e~ri~st~ic~s~,_re_f_er_t_o_T~y~p~e70,D~3~~~~~~~~ ____ 003A+ 
Starting·Supply Voltage per Plate, 300 min. peak volts Peak Plate Current, 200 max. rnA OZ4 
DC Output Current, 75 max., 30 min. rnA DC Output Voltage, 300 max. volts 
Starting·Supply Voltage per Plate, 300 min. peak volts Peak Plate Current, 200 max. rnA OZ4G 
DC Output Current, 75 max., 30 min. rnA DC Output Voltage, 300 max. volts 

Max. Peak Plate Inverse Volts, 330 Max. DC Output rnA, 0.5 IA3 
Max. Peak Plate rnA,S Max. Peak Heater·Cathode Volts, 140 

For other characteristics, refer to Type 1D5GP 
85 
90 
~. 

180 

90 

45 
67.5 

- 4.5V 85 0.7 3.5 
- 4.5V 90 1.1 4.0 
- 3V 67.5 2.5 1.2 
- 3V 67.5 2.4 1.3 

OV 45 0.7 0.6 

- 3V 45 0.2 1.0 
- 4.5V 67.5 0.4 2.0 
Max. Peak Inverse Plate Volts, 26000 

Max. Peak Plate rnA, 50 
30 OV 30 0.16 0.45 
67.5 OV 67.5 0.75 1.85 

Max. Peak Inverse Plate Volts, 25000 
Max. Peak Plate rnA, 45 

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate rnA, 50 

~Peak Inverse Plate Volts, 26000 
_Max.yeak Plate rnA, 50 

300000 
300000 
400000 
500000 

600000 

170000 
150000 

700000 
700000 

800 25000 0.100 
850 25000 0.115 
Anode-Grid (2): 180 max. volts 
2.3 rnA Oscillator-Grid (I) Resistor. 
Anode-Grid (2): 90 volts, 1.2 rnA 
Oscillator-Grid (I) Resistor, 0.2 MO 
Conversion Transcond., 250 mlcromhos 
600 
750 

430 
735 

40000 
25000 

Max. Average Plate rnA, 0.5 

-_.----------_. 
Max. Average Plate rnA, 0.5 

Max. Average Plate rnA, 0.5 

Max. Average Plate rnA, 0.5 

0.QJ5 
0.050 

For other characteristics, refer to Type IE5GP 

IA4P 
IASGT 
IA6 

IA7GT 

lACS 
IAD2 
lADS 
IAX2 
IAY2 
IB3GT 
IB4P 

For other characteristics, refer to Type IH6G 
--_ .. _--------_._---------._------,----: 

For other characteristics, refer to Type IA7GT 

IBS/ 
25S 

--.----~~- IB7GT 
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Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

*lBC2 Half-Wave Rectifier 7E 9RG 1.25 0.2 Pulsed Rectifier in 
TV Receivers 

*lBH2 Half-Wave Rectifier 7G 9RG 1.25 0.2 Flyback Rectifier in 
*lBH2A TV Receivers 

lC5GT Power Pentode 130 6X 1.4F 0.10 Class A Amplifier 

lCG Pentagrid Conwerter 24B &L 2.0F 0.12 Converter 

lC7G Pentagrid Converter 23 7Z 2.0F 0.12 Converter 

lC21+ Gas-Triode 131 4V Relay Circuits 

lO5GP Remote-Cutoff Pentade 23 5Y 2.0F 0.06 Class A Amplifier 

lO5GT Remote-Cutoff Tetrode 23 5R 2.0F 0.06 Class A Amplifier 

lO7G Pentagrid Converter 23 7Z 2.0F 0.06 Converter 

Pentode Unit as Class A 

lO8GT Diode-Triode-Power Pentode 14A 8AJ 1.4F 0.10 
Amplifier 

Triode Unit as Class A 
Amplifier 

*lOG3 Half-Wave Rectifier 141 8N1I 1.25F 0.2 Pulsed Rectifier in TV Receivers 

lON5 Diode-5emiremote-Cutoff Pentode 5C 6BW 1.4F 0.5 Pentode Unit as Class A 
Amplifier 

lE5GP 5barp-Cutoff Pentode 23 5Y 2.0F 0.06 Class A Amplifier 

lE7GT Twin Power Pentode 130 8C 2.0F 0.24 Class A Amplifier 

lE8 Pentagrld Converter 29A 8CN 1.25F 0.04 Converter 

IF4 Power Pentode 26 5K 2.0F 0.12 Class A Amplifier 

IF5G Power Amplifier Pentode 25 6X 2.0F 0.12 Class A Amplifier 

IF6 Twin Diode-Sbarp-Cutoff Pentode 23 6W 2.0F 0.06 Pentode Unit as Class A 
Amplifier 

IF7G Twin Olode-Sbarp-Cutoff Pentode 23 7AF 2.0F 0.06 Pentode Unit as Class A 
Amplifier 

*lG3GT/ Half-Wave Rectifier 14B 3C 1.25F 0.2 Pulsed Rectifier in 
IB3GT TV Receivers 

IG4GT Medium-Mu Triode 130 55 1.4F 0.05 Class A Amplifier 

IG5G Power Pentode 25 6X 2.0F 0.12 Class A Amplifier 

IG6~T Higb-Mu Twin Power Triode 130 7AB 1.4F 0.10 Class Ii Amplifier 

IH4G Medium-Mu Triode 22 5S 2.0F 0.06 
Class A Amplifier 
Class B Amplifier 

IH5GT DiDde-Higb-Mu Triode 14A 5Z 1.4F 0.05 Triode Unit as Class A Amplifier 

IH6G Twin Oiode-Medium-Mu Triode 22 7AA 2.0F 0.06 Triode Unit as Class A Amplifier 

*lJ3 Half-Wave Rectifier 14E 3C 1.25F 0.2 Pulsed Rectifier in TV Receivers 

IJ5G Power Pentode 25 6X 2.0F 0.12 Class A Amplifier 

IJ6G Twin-Triode Amplifiers 22 7AB 2.0F 0.24 Class B Amplifier IJ6GT 13F 

*lK3 Half-Wave Rectifier 14B 3C 1.25F 0.2 Pulsed Rectifier in TV Receivers 

*lK3/ Half-Wave Rectifier 14B 3C 1.25F 0.2 Pulsed Rectifier in 
lJ3 TV Receivers 

1L4 Pentode 5C 6AP 1.4F 0.05 RF Amplifier 

• I ndustrial type * See Safety Precautions at end of this section • 
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Grid Bias Screen Power 
Dr Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate Resistor Grid rent rent ance ance Factor Load put Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 

Max. Peak Inverse Plate Volts, 18000 1BC2 Max. Peak Plate rnA, 45 Max. Average Plate rnA, 0.5 
Max. Peak Inverse Plate Volts, 18000 Max. Average Plate rnA, 0.2 1BH2 

Max. Peak Plate rnA, 45 lBH2A 
90 - 7.5V 90 3.5 7.8 115000 1550 8000 0.24 1C5GT 

For other characteristics, refer to Type lC7G lC6 
135 - 3V 67.5 2.5 1.3 600000 Anode-Grid (2): 180 max. volts, 
180 - 3V 67.5 2.0 1.5 700000 4.0 rnA Oscillator-Grid (1) Resistor. 1C7G 

Conversion Transcond., 325 rnicrornhos. 
145 25 le2l· 
90 {- 3V 67.5 0.9 2.2 600000 720 1D5GP 180 min. 67.5 0.8 2.3 1M 750 

For other characteristics, refer to Type ID5GP 1D5GT 
For other characteristics, refer to Type lA6 'ID7G 

90 - 9V 90 1.0 5.0 925 12000 0.200 
ID8GT 

90 OV 1.1 43500 575 25 

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate rnA, 50 Max. Average Plate rnA, 0.5 1DG3 

67.5 OV 67.5 0.55 2.1 600000 630 lDN5 
90 - 3V 67.5 0.7 1.6 1M 600 lE5GP 180 - 3V 67.5 0.6 1.7 1.5 M 650 

135 -7.5V 135 3.5 10.5 24000 0.575 1E7GT 
45 OV 45 1.1 0.6 400000 Oscillator Grid (1) Resistor, 0.1 MQ 1E8 67.5 OV 67.5 1.5 1.0 400000 Conversion Transcond., 150 rnicrornhos 

For other characteristics, refer to Type 1F5G 1F4 
90 - 3V 90 1.1 4.0 240000 1400 20000 0.11 lF5G 135 - 4.5V 135 2.4 8.0 0.31 

For other characteristics, refer to Type 1F7G lF6 
180 - 1.5V 67.5 0.7 2.2 1F7G 

Max. Peak Inverse Plate Volts, 26000 Max. Average Plate rnA, 0.5 1G3GT/ 
Max. Peak Plate rnA, 50 1B3GT 

90 - 6V 2.3 10700 825 8.8 1G4GT 
90 - 6V 90 2.5 8.5 133000 1500 8500 0.25 1G5G 135 -13.5V 135 2.5 9.7 160000 1550 9000 0.55 
90 OV 11 12000 0.350 lG6GT 

180 -13.5V 3.1 10300 900 9.3 1H4G 157.5 -15V 1.00 8000 2.lt 
90 OV 0.15 240000 275 65 1H5GT 

135 - 3V 0.8 35000 575 20 1H6G 
Max. Peak I nverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate rnA, 50 Max. Average Plate rnA, 0.5 1J3 

135 -16.5V 135 2.0 7.0 105000 950 13500 0.45 1J5G 
135 OV Power Output is for one tube at 10000 2.1 1J6G 
135 - 3V stated plate-to-plate load 10000 1.9 1J6GT 

Max. Peak I nverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate rnA, 50 Max. Average Plate rnA, 0.5 lK3 

Max. Peak Inverse Plate Volts, 26000 Max. Average Plate rnA, 0.5 1K3/ 
Max. Peak Plate rnA, 50 1J3 

90 90 2 4.5 350000 1025 lL4 
t For two tubes at stated plate-ta-plate load. [J For two tubes. 



526 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right 51ve operat-

Name Oat- Dia- Heater or ing conditions an character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

1L6 Pentagrid Converter 5C 70C 1.4F 0.05 Converter 

llM Power Pentode 12B 5AO 1.4F 0.05 Amplifier 

ILA6 Pentagrid Converter 12B 7AK 1.4F 0.05 Converter 

ILB4 Power Pentode 12B 5AO 1.4F 0.05 Class A Amplifier 

ILC5 Sharp-Cutoff Pentode 12B 7AO 1.4F 0.05 Class A Amplifier 

ILC6 Pentagrid Converter 12B 7AK 1.4F 0.05 Converter 

ILD5 o iode-Sharp-Cutoff Penta de 12B 6AX 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

ILE3 Medium-Mu Triode 12B 4AA 1.4F 0.05 Class A Amplifier 

ILG5 Remote-Cutoff Pentode 12B 7AO 1.4F 0.05 Class A Amplifier 

ILH4 Oiode-High-Mu Triode 12B 5AG 1.4F 0.05 Triode Unit as Class A Amplifier 

lLN5 Sharp-Cutoff Pentode 12B 7AO 1.4F 0.05 Class A Amplifier 

*IN2A Half-Wave Rectifier 19A 3C 1.25F 0.2 Pulsed Rectifier in TV Receivers 

IN5GT Sharp-Cutoff Pentode 14A 5Y 1.4F 0.05 Class A Amplifier 

IN6G Diode-Power Pentode 29A 7AM 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

IP5GT Remote-Cutoff Pentode 14A 5Y 1.4F 0.05 Class A Amplifier 

lQ5GT Beam Power Tube 130 6AF 1.4F 0.1 Class A Amplifier 

lR5 Pentagrid Converter 5C 7AT 1.4F 0.05 Converter 

*IS2A/ Half-Wave Rectifier 7F 90T 1.4 0.55 Pulsed Rectifier in 
DY87 TV Receivers 

IS4 Power Pentode 5C 7AV 1.4F 0.1 Class A Amplifier 

IS5 Diode-Sharp-Cutoff Pentode 5C 6AU 1.4F 0.05 Pentode Unit as AF Amplifier 

114 Remote-Cutoff Pentode 5C 6AR 1.4F 0.05 Class A Amplifier 

1T5GT Beam Power Tube 130 6X 1.4F 0.05 Class A Amplifier 

IT6 Diode-Sharp-Cutoff Pentode 29A 80A 1.25F 0.04 Pentode Unit as Class A 
Amplifier 

lU4 Sharp-Cutoff Penta de 5C 6AR 1.4F 0.05 Class A Amplifier 

lU5 Oiode-Sharp-Cutoff Penta de 5C 6BW 1.4F 0.05 Pentode Unit as Class A 
Amplifier 

IV Half-Wave Rectifier 22 or 4G 6.3 0.3 With Capacitive-input Filter 13H 

*IX2A Half-Wave Rectifier 7A 9Y 1.25F 0.2 Pulsed Rectifier in TV Receivers 

lX2B 
Pulsed . Rectifier in *lX2Bj Half-Wave Rectifier 7A 9Y 1.25,f 0.2 TV Rec1livers 

lX2A 
Class A Amplifier 

2A3 Power Triode 27B 4D 2.5F 2.5 
Push-Pull Class ABl Amplifier 

2A5 Power Pentode 28 6B 2.5 1.75 Amplifier 

2A6 Twin Oiode-High-Mu Triode 248 6G 2.5 0.8 Triode Unit as Amplifier 

2A7 Pentagrid Converter 24B 7C 2.5 0.8 Converter 

* See Safety Precautions at end of this section. 



CHARACTERISTICS CHART 

Plate 

Volts 

90 

90 

45 
90 

45 
90 

90 

90 
90 
90 
90 

Grid Bias 
or 

Cathode 
Resistor 

OV 

OV 

OV 
OV 

OV 
OV 

OV 

OV 
- 3V 

OV 
- 1.5V 

Screen 
Grid Plate 

Screen Cur- Cur-
Grid rent rent 

Volts mA mA 

45 0.6 0.5 

AC Plate 
Resist-

ance 

Ohms 

650000 

Trans- Amplifi-
conduct- cation 

ance Factor 

Micromhos 

Load 

Ohms 

Power 

Out
put 

Watts 

Anode-Grid (2): 90 max. volts, 1.2 rnA 
Oscillator Grid (1) Resistor, 0.2 MO 
Conversion Transcond, 300 micromhos 

For other characteristics, refer to Type lA5GT 

65 0.6 0.55 750000 
Total Cathode rnA, 4 
Conversion Transcond. (for grid-No.4 
bias of -3 volts), 10 micromhos 

For other characteristics, refer to Pentode Unit of Type ID8GT 
45 0.35 1.10 700000 750 
45 0.30 1.15 1 M 775 

35 0.75 0.70 300000 Anode-Grid (2): 50 max. volts, 1.4 rnA 
35 0.70 0.75 650000 Oscillator-Grid (1) Resistor, 0.2 MO 

Conversion Transcond., 275 micromhos 

45 0.1 0.6 750000 575 

4.5 11200 1300 14.5 
1.4 19000 760 14.5 

45 0.4 1.7 1M 800 
90 0.9 3.7 500000 1150 

527 

RCA 

Type 

1L6 

IlA4 

IlA6 

IlB4 

IlC5 

IlC6 

IlD5 

IlE3 

IlG5 

OV 
__________ ~----~~F-o-r-ot~h~er~c-h-ar-ac~t~er-is-ti-cs~,~r~ef~er-t-o-T~y~pe~I-H-5-GT--------------------~llH4 

90 0.35 1.6 1.1 M 800 IlN5 90 
Max. Peak Inverse Plate Volts (Total DC and Peak), 28000 Max. Average Plate rnA, 0.5 
Max. Peak Plate rnA, 50 

OV 90 0.3 1.2 1.5 M 750 90 

90 - 4.5V 90 0.6 3.1 300000 800 25000 0.1 

90 OV 90 0.7 2.3 800000 750 

110 - 6.6V 110 1.4 10 100000 2200 8000 0.4 
45 OV 45 2.1 0.7 400000 Conversion Transcond., 210 I'mhos 
90 OV 67.5 3.5 1.5 500000 Conversion Transcond., 280 I'mhos 

Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate rnA, 40 Max. Average Plate rnA, 0.8 

45 - 4.5V 45 0.8 3.8 100000 1250 8000 0.065 
90 -7V 67.5 l.4 7.4 100000 1575 8000 0.27 

Plate Supply, 90 V applied through 1 MO resistor. Screen Supply, 90 V applied through 3.1 MO 
resistor. Grid Bias, 0 volts. Grid Resistor, 10 megohms. Voltage Gain, 66 approx. 
45 OV 45 0.7 1.7 350000 700 
90 OV 67.5 1.4 3.5 500000 900 
90 - 6V 90 0.8 6.5 250000 1150 14000 0.17 
45 OV 45 0.21 0.75 500000 475 
67.5 OV 67.5 0.4 1.6 400000 600 
90 OV 90 0.50 1.1 1M 900 

67.5 OV 67.5 0.4 l.6 600000 625 

IN2A 

IN5GT 

IN6G 

IP5GT 

lQ5GT 

lR5 
IS2A! 
DVB7 
IS4 

1&5 

1T4 
1T5GT 

IT6 
lU4 
lU5 

Max. AC Plate Volts (RMS), 325 Min. Total Effective Plate·Supply Impedance: Up to 117 IV 
Max. DC Output rnA, 45 volts, 0 ohms; at 150 volts, 30 ohms; at 325 volts, 75 ohms 

Max. Peak Inverse Plate Volts, 20000 Max. Average Plate rnA, 0.5 lX2A 
Max. Peak Plate rnA, 45 

Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate rnA, 45 Max. Average Plate rnA, 0.5 

lX2B 
IX2B/ 
IX2A 

250 
300 
JOO 

-45V 
78000 

-62V 

60.0 
80.00 
80.00 

800 5250 

For other characteristics, refer to Type 6F6G 

For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6A8 

t For two tubes at stated plate·to-plate load. 

4.2 2500 
5000 
3000 

3.5 
10.0t 
15.0t 

2A3 

2A5 

2AG 

2A7 
o For two tubes. 



528 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name out- Dia- Heater or in~ conditions and character-
Type iii' gram Filament IF) is ics for Indicated typical use 

Valts Amperes 

2AF4A Medlum-Mu Triade 5B 7DK 2.35 0.6 Class A Amplifier 2AF4B 
*2AH2 Half-Wave Rectifier 9A 12'DO 2.5 0.3 Pulsed Rectifier in 

TV Receivers 

-*2AS2 Half-Wave Rectifier 9B 12EW 2.5 0.33 Pulsed Rectifier In 
TV Receivers 

2B7 Twin Diode-Remote-Cutaff 24B 7D 2.5 0.8 Pentode Unit as Amplifier Pentode 

2BA2 Half-Wave Rectifier &B 9U 1.8F 0.3 Flyback Rectifier in 
TV Receivers 

*28J2 Half-Wave Rectifier 7A 9RT 2.3 0.3 Pulsed Rectifier In 
TV Receivers 

*2BJ2A Half-Wave Rectifier 7A SRT 2.3 0.3 Pulsed Rectifier in TV Receivers 

2BN4 Medium-Mu Triode 5C 7EG 2.3 0.6 Class A Amplifier 

2D21W· Gas-Tetrode 5C 7BN 6.3 0.6 Thyratron 

*2CN3A Half-Wave Rectifier 14F BMU 1.8 0.9 Flyback Rectifier In 
TV Receivers 

2DZ4 Medium-Mu Triade 5B 7DK 2.35 0.6 Class A Amplifier 

2E5 Electron-Ray Tube 22 or &R 2.5 0.8 Visual Indicator 13H 

2EN5 Twin Diode 5C 7FL 2.1 0.45 Horizontal Phase Detector 

2ER5 High-Mu Triode 5C· 7FP 2.3 0.6 Class A Amplifier 

2FQ5A High-Mu Triode 5C 7FP 2.3 0.6 Class A Amplifier 

2GK5 High-Mu Triode 5C 7FP 2.3 0.6 Class A Amplifier 
-2GU5 Beam Hexade 5C 7GA 2.4 0.6 Class A Amplifier 

*3A2 Half-Wave Rectifier 7A SDT 3.15 0.22 Pulsed Rectifier In TV Receivers 

*3A3 Half-Wan Rectifier 14E BEl 3.15 0.22 Pulsed Rectifier in TV Receivers 3A3/3B2 
3A3A 

*3A3A/ Half-Wave Rectifier 14F BEl 3.15 0.22 Pulsed Rectifier in TV Receivers 
382 

*3A3B Half-Wave Rectifier 14F BEl 3.15 0.22 Pulsed Rectifier in 
TV Receivers 

3M· Tetrode 5C 7BB 1.4F 0.2 AF Power Amplifier 2.8F 0.1 

1.4F 0.1 
Triode Unit as Class A Ampllher 

3A8GT Diode-Triode-Pentode 29G BAS 2.8F 0.05 Pentode Unit as Class A 
Amplifier 

3AF4A Medium-Mu Triode 5B 10K 3.15 0.45 Class A Amplifier 

*3AT2 Half-Wave Rectifier 9B 12FV 3.15 0.22 Pulsed Rectifier in 
TV Receivers 

3AV6 Twin Diode-High-Mu Triode 5C 7BT 3.15 0.6 Triode Unit as Class A Amplifier 

3AW2 Half-Wave Rectifier 9B 12EW 3.15 0.39 Pulsed Rectifier in 
TV Receivers 

3AW3 Half-Waye Rectifier 14B BEZ 3.15 0.22 Pulsed Rectifier in TV Receivers 

3B2 Half-Waye Rectifier 21C BGH 3.15 0.22 Pulsed Rectifier in TV Service 

3S4WA· Beam Power Tube 5C 7CY 1.25F 0.33 Class C Amplifier 2.5OF 0.165 

3BA6 Remote-Cutoff Pentode 5C 7BK 3.15 0.6 Class A Amplifier 

3BC5 Sharp-Cutoff Pentode 5C 7BD 3.15 0.6 Class A Amplifier 

3BE6 Pentagrld Converter 5C lCH 3.15 0.6 Converter 

• Industrial type * See Safety Precautions at end of this section • 



CHARACTERISTICS CHART 

Plate 

Volts 

80 

Grid Bias 
or 

Cathode 
Resistor 

1500 

Screen 
Grid 

Screen Cur· 
Grid rent 

Volts mA 

Plate 
Cur· 
rent 

mA 

17.5 

AC Plate Trans· Amplifi· 
Resist· conduct· cation 
ance ance Factor 

Ohms Micromhos 

2100 6500 13.5 

Power 

Out· 
Load put 

Ohms wa~ts 

529 

RCA 

Type 

2AF4A 
2AF4B 

Max. Peak Inverse Plate Volts, 30000 Max. Average Plate mA, 1.5 2AHZ 
Max. Peak Plate rnA, 80 

Max. Peak I nverse Plat.c.e::Ov~oilt"'s,-'3;;:OO:;:O;;:0c--------M-ax-.-A-v-er-a-ge-p-1a-te-m-A'-1.-5----2-A-S-Z
Max. Peak Plate rnA, 80 

For other characteristics, refer to Type 6B8G 

Max. Peak Inverse Plate Volts, 8250 
Max. Peak Plate rnA, 50 

Max. Peak Inverse Plate Volts, 20000 
Max. Peak Plate rnA, 80 

Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate rnA, 80 

Max. Average Plate rnA, 0.6 

Max. Average Plate rnA, 1 

Max. Average Plate rnA, 1 

2B7 

2BA2 

2BJ2 

2BJ2A 

6300 6800 43 2BN4 
----------------F-or-o-th-er-c-ha-ra-ct-e~ris~ti-cs-,r-ef~er-t-0~Ty-pe-2~D~21--------------~2~D~21~W~. 

150 2200 9 

For other characteristics, refer to Type 3CN3A 2CN3A 

80 15 2000 6700 14 

For other characteristics, refer to Type 6E5 

{ Max. Peak Heater·Cathode Volts, ±200 
DC Volts Not to Exceed +100 Max. DC Plate mA,5 

2DZ4 

2E5 

2EN5 

For other characteristics, refer to Type 6ER5 

For other characteristics, refer to type 6FQ5A 
2ER5 

----~2FQ5A 

For other characteristics, refer to Type 6GK5/6FQ5A 

For other characteristics, refer to Type 6GU5 
Max. Peak Inverse Pi ate Volts, 18000 
Max. Peak Plate rnA, 80 Max. Average Plate rnA, 1.5 

Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate rnA, 88 Max. Average Plate rnA, 1.7 

Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate rnA, 100 Max. Average Plate rnA, 2 

150 

90 

90 

Max. PeaK Inverse Plate VOltS, 38000 
Max. Peak Plate rnA, 100 Max. Average Plate rnA, 2 

-8.4V 90 2.2 133 100000 1900 8000 

OV 0.2 200000 325 65 

OV 90 0.5 1.5 800000 750 

For other characteristics, refer to Type 2AF4B 
Max. Peak Inverse Plate Volts, 30000 

Max. Peak Plate rnA, 88 Max. Average Plate rnA, 1.7 

For other characteristics, refer to Type 6AV6 

For other characteristics, refer to Type 3CZ3 

For other characteristics, refer to Type 3A3/3B2 

0.7 

Max. Peak Plate rnA, 80 Max. DC Inverse Plate Volts, 25000 
Max. Total DC & Peak Inverse Plate Volts, 35000 (Abs.) Max. Average Plate rnA, 1.1 

150 -38V 135 6.2 25 1.25 

100 680 100 4.4 10.8 250000 4300 
250 680 100 4.2 11 1M 4400 

100 1800 100 1.4 4.7 600000 4900 
250 150 2.1 7.5 800000 5700 

250 Self· 100 6.8 2.9 1M Conversion Transcond., 475 J.Lmhos 
Excited Grid·No. 1 Resistor, 20000 ohms 

2GK5 
2GU5 
3A2 
3A3 

3A3/3B2 

3A3A 
3A3A! 
3B2 

3A3B 

3M· 

3A8GT 

3AF4A 

3AT2 

3AV6 

3AW2 

3AW3 

3B2 

384WA· 

3BA6 

3BG5 
38E6 
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Use 
RCA Terminal Values to right give operat· 

Name Dut- Dia- Heater or ing conditions and character-
TJPe line gram Filament (F) istics for indicated typical use 

Volts Amperes 

*3Bl2 Half-Wave Rectifier 98 12HK 3.3F 0.285 Pulsed Rectifier in 
*3Bl2A TV Receivers 

*3BM2 Half-Wave Rectifier 98 12HK 3F 0.3 Pulsed Rectifier in 
TV Receivers 

*31!N2 Half-Waye Rectifier 98 12FV 3.15 0.3 Flyback Rectifiers in 
*3BN2A TV Receivers 

3BN4 Medlum-Mu Triode 5C 7EG 3.0 0.45 Class A Amplifier 

*3BS2A Half-Wave Rectifier 98 12HY 3.15 0.48 Flyb.ck Rectifiers in 
TV Rece ivers 

3BU8 Sharp-Cutoff Twin Pentode IE 9FG 3.15 0.6 Class A Ampl ifier 
(With both sections operating) 

3BY6 Pentagrid Amplifier 5C· 7CH 3.15 0.6 Class A Amplifier 

*3CA3 Half-Wave Rectifier 14E IIMH 3.6 0.225 Pulsed Rectifier in 
TV Receivers 

3CE5 Sharp-Cutoff Pentode 5C 780 3.15 0.6 Class A Amplifier 

3CF6 Sharp-Cutoff Penta de 5C 7CM 3.15 0.6 Class A Ampl ifier 

*3CN3A Half-Wave Rectifier 14F 8MU 3.15 0.48 Flyback Rectifiers in 
TV Receivers 

*3CX3 Half-Wave Rectifier 14G aMT 3.15 0.48 Pulsed Rectifier in 
TV Receivers 

*30A3/ Half-Waye Rectifier ,14G 8MY 3,15 0.48 Pulsed Rectifiers in 
3DH3 TV Receivers 

*30R3 Half Wave Rectifier 29Q 8NL 3.15 0.3 Pulsed Rectifier in 
TV Receivers 

*30S3 Half-Wave Rectifier 29P aNL 3.15 0.48 Pulsed Rectifier in 
TV Receivers 

3DZ4 Medium-Mu Triode 58 10K 3.2 0.45 Class A Amplifier 

3EA5 Sharp-Cutoff Tetrode 5C 7EW 2.9 0.45 Class A Amplifier 

3EJ7 Sharp-Cutoff Pentode IC 9AG 3.4 0.6 Class A Amplifier 

3FH5 High~u Triode 5C 7FP 3.0 0.45 Class A Amplifier 

3GS8 Class A Amplifier 
3GS8/ Sharp-Cutoff Twin Pentode &E 9LW 3.15 0.6 (With both sections operating) 
3BU8 
3HA5 High-Mu Triode 5A 7GM 2.7 0.45 Class A Amplifier 

3HS8 Sharp-Cutoff Twin Pentode &E 9FG 3.15 0.6 Class A Amplifier 
(With both sections operating) 

3JC6 Sharp-Cutoff Pentode &8 9PM 3.5 0.6 Class A Amplifier 

3J06 Sharp-Cutoff Pentode &8 9PM 3.5 0.6 Class A Amplifier 

3LF4 8eam Power Tube 128 68A 1.4F 0.1 Class A Amplifier 2.8F 0.05 

304 Power Pentode 5C T8A 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3Q5GT 8eam Power Tube 130 TAP 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3S4 Power Pentode 5C 18A 1.4F 0.1 Class A Amplifier 2.8F 0.05 

3V4 Power Pentode 5C 68X 1.4F 0.1 Class A Amplifier 2.8F 0.05 

4BC5 Sharp-Cutoff Pentode 5C T8D 4.2 0.45 Class A Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

4BL8 68 9DC 4.6 0_6 Pentode Unit as Class A Sharp-Cutoff Pentode Amplifier 

4J3Q7A/ Medium Mu Twin Triode 68 9Al 4.2 0.6 Each Unit 
4BZ7 as Class A Amplifier 

48S8 Medium-Mu Twin-Triode &8 9Al 4.6 0.6 Class A Amplifier 

4BU8 Sharp-Cutoff Twin Pentode IE 9FB 4.2 0.45 Class A Amplifier 
(With both sections operating) 

* See Safety Precautions at end of this section. 

of 



CHARACTERISTICS CHART 

Grid Bias Screen Power 

Plate 

Volts 

100 
100 

or Grid Plate 
Cathode Screen Cur· Cur· 
Resistor Grid rent rent 

Volts mA mA 

Max. Peak Inverse Plate Volts, 33000 
Max. Peak Plate rnA, 100 

Max. Peak Inverse Plate Volts, 33000 
Max. Peak Plate rnA, 100 

Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate rnA, 88 

AC Plate Trans· Amplifi· 
Resist· conduct· cation 
ance ance Factor Load 

Ohms Micromhos Ohms 

Max. Average Plate mA, 2 

Max. Average Plate rnA, 2 

Max. Average Plate rnA, 1.7 

For other characteristics, refer to Type 6BN4 
Max. Peak Inverse Plate Volts, 38000 

Max. Peak Plate rnA, 110 
67.5 6.5 
67.5 3.3 2.2 

Max. Average Plate rnA, 2.2 

For other characteristics, refer to Type 6BY6 
Max. Peak Inverse Plate Volts, 30000 

Max. Peak Plate rnA, 100 Max. Average Plate rnA, 2 

For other characteristics, refer to Type 6CE5 

For other characteristics, refer to Type 6CF6 
Max, Peak Inverse Plate Volts, 38000 

Max. Peak Plate rnA, 110 Max. Average Plate rnA, 2.2 

For other characteristics, refer to Type 3DA3/3DH3 

Max. Peak Inverse Plate Volts, 38000 
Max. Peak Plate rnA, 110 

Max. Peak Inverse Pla!e Volts, 38000 
Max. Peak Plate rnA, 100 

Max. Average Plate rnA, 2.2 

Max. Average Plate rnA, 2 

For other characterstics, refer to type 3DA3/3DH3 

250 
190 
200 

-IV 
- 2.35V 
- 2.5V 

135 870 

100 
100 
125 560 
125 560 

110 - 6.6V 
110 - 6.6V 

90 7V 

For other characteristics, refer to Type 2DZ4 

140 0.95 10 150000 8000 
190 4.1 10 350000 15000 
200 4.1 10 '350000 15000 

For other characteristics, refer to Type 6FH5 

For uther characteristics, refer to Type 4GS8/4BU8 

10 19 1000 20000 80 
11.5 5600 14500 72 

67.5 7 
67.5 4.4 2 

125 3.2 13 180000 15000 
125 3.4 14 180000 16000 

For other characteristics, refer to Type 6JD6 

For other characteristics, refer to Type 3Q5GT 

For other characteristics, refer to Type 3V4 

110 1.4 10.0 100000 2200 
110 1.1 8.5 110000 2000 
67.5 1.4 7.4 100000 1575 

8000 
8000 
8000 

Out· 
put 

Watts 

0.40 
0.33 
0.27 

531 

RCA 

Type 

3BL2 
3BL2A 
38M2 

3BN2 
3BN2A 
3BN4 

3BS2A 
3BU8 
3BY6 
3CA3 
3CE5 
3CF6 

3CN3A 
3CX3 

30A3/ 
30H3 

30R3 

30S3 
3DZ4 
3EA5 

3EJ7 
3FH5 
3GS8 

3GS8/ 
3BU8 
3HA5 
3HS8 

3JC6 
3JD6 
3LF4 

304 

305GT 

3S4 0.235 
0.27 3V4 

67.5 1.1 6.1 100000 1425 
90 2.1 9.5 100000 2100 

90 -7V 
90 - 4.5V 

8000 
--~----~~----~~~~--~~~~~--~~--------~10000~--~~------

90 - 4.5V 90 1.7 7.7 120000 2000 10000 0.24 
250 1800 150 2.1 7.5 800000 5700 4BC5 

For other characteristics, refer to Type 6818 4BL8 

4BQ7A/ 
4Bll For other characteristics, refer to Type 6BQ7A 

For other characteristics, refer to Type 3BU8 4BS8 
For other characteristics, refer to Type 68S8 4BU8 
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RCA 

Type 

4BZ7 

Name 

Medium-Mu Twin Triode 

4CY5 Sbarp-Cutoff Tetrode 

~-Sharp-CutDff Pentode 

4EH7 Semiremote-Cutaff PEi1tode 

4EJ7 Sharp-Cutoff Pentode 

4ES8 Variable-Mu Twin-Triode 

RCA RECEIVING TUBE MANUAL 

Terminal 
Use 

Values to right give operat-
Out- Dia- Heater or ing conditions and character-
line gram Filament (F) istics for indicated typical use 

63 

5C 

5C 

6C 

6C 

68 

-------
Volts Amperes 

9Al 4.2 

lEW 4.o-5 __ -:0:-.3:::-____ C::-:la_s_s A Am.:..p_lifi_e_r __ 
7EN 4.2 0.45 Class A Amplifier 

9AO 4.4 0.45 Class A Amplifier 

9AO 4.4 0.45 Glass A Amplifier 

SAl 4 Each Unit as Class A Amplifier 
0.6 Cascade-Type Amplitie-r-

4ESB/ Each Unit 
XCC189 Variable-Mu Twin Triode 68 9Al 4 0.6 as Class A Amplifier 

4EW6 Sharp·Cutoff Pentode 5C 7CM 4.2 0.6 Class A Amplifier 
-4~G~M~6~~so-e-m~ir~em~o-:t-e-~Cu-:t-off~p-en-:t-od:-e-----:5C~-7~C-:M~-C:-4.2·---~O-:.6:--------C~I-as-s-A:--Am~PI~ifi:-e-r--

4GS8 ____ S_ha_r~p-_Cu_t_off __ p_En_to_d_e _______ 6E ____ 9_L_W ___ 4_.2 _____ 0_.4_5 _____ C_la_s_s~A_A_m.:..p_li_fie_r __ ___ 

4GS8/ L Class A Amplifier 
4BU8 Sharp-Cutoff Twin Pentode 6E 9 W 4.2 0.45 (With both sections operating) 

4GX7 

4GZ5 

4iHAS/ 
PC900 
4HA7 

4HA7/ 
4HC7 

Medium-Mu Triode
Sharp-Cutoff Pentode 

Power Pentode 

High-Mu Triode 

Dual Triode 

Dual Triode 

4HC7 Dual Triode 

411MB Sharp-Cutoff Pentode 

4HT6 Semiremote-Cutoff Pentode 

-;4:;:~~,""C8:-c~;--__ S_ha-"rp_-Cutoff Pentode 

4RHH8 Medium-Mu Twin-Triode 

4LU& 

5AS4 

5AS8 

5AU4 

5AV8 

5AW4 
5AZ4 

588 

5BC3 

58E8 

Sharp-cutoff Pentode 

FUll-Wave Rectifier 

·Diode-Sharp-Cutoff Pentode 

FUll-Wan Rectifier 

Medlum-Mu Triode
Sharp-Cutoff Pentode 

FUll-Wave Rectifier 

FUll-Wave Rectifier 

Medium-Mu Triode
Sharp-Cutoff Pentode 

FUll-Wave Rectifier 

Medlum-Mu Triode-Sharp-Cutoff 
Pentode 

68 SOA 

5C 7CV 

5A 7GM 

8A 12FO 

8A 12FO 

30E 12FR 

68 9PM 

68 9PM 

68 9PM 

68 9Al 

5C 7CM 

27A 5T 

68 90S 

19G 5T 

68 901 

19H 5T 

12C 5T 

68 9EC 

17C 90l 

68 9EG 

4.2 

4 

3.9 

4.2 

4.2 

4.2 

4.2 

4.2 

4.5 

4.2 

4.2 

5.0F 

4.7 

5.0F 

4.7 

5.0F 

5.0F 

4.7 

5F 

4.7 

0.6 

0.6 

0.3 

0.6 

0.6 

0.6 

0.45 

0.45 

0.45 

0.6 

0.6 

3.0 

0.6 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 

Amplifier 
Class A Amplifier 

Class A Amplifier 

Each Unit 
as Class A Amplifier 

Class A Amplifier 

Each Unit 
as Class A Amplifier 
Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

Class A Ampl ifier 

With Capacitive-Input Filter 

Class A Ampl ifier 

3.75 
With Capacitive-Input Filter 

With Inductive-Input Filter 

Triode Unit as Class A Amplifier 
0.6 Pentode Unit as Class A Amplifier 

3.7 

2.0 

0.6 

0.6 

Rectifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

With Capactive-Input Filter 

With Inductive-Input Filter 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 

Amplifier 



CHARACTERISTICS CHART 

Plate 

Volts 

125 

150 

200 

200 

Grid Bias 
or 

Cathode 
Resistor 

- IV 

560 

-2 
- 2.5 

Screen 
Grid Plate AC Plate Trans- Amplifi-

Screen Cur- Cur- Resist- conduct- cation 
Grid rent rent ance ance Factor 

Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 6Bll 

80 1.5 10 100000 8000 

100 2.1 1.1 150000 515 

90 4.5 12 0.5 12500 

200 4.1 10 0.30 10000 

For other characteristics, refer to Type 6ES8 

For other characteristics, refer to Type 6ES8/ECCI89 

Power 

Load 
Out
put 

Ohms Watts 

533 

RCA 

Type 

4BZ7 
4CY5 

4DT6 

4EH7 

4EJ7 

4ES8 

4ES81 
XCC189 

For other characteristics, refer to Type 6EW6 4[W6 

For other characteristics, refer to Type 6GM6 4GM6 
----------------~F~o-r~ot~he-r-c~h-ar-ac~t-er~is~ti~cs-,-r~ef~er~to~T~y-pe-47.G~S~8/~4~BU~8~----------------~4~GS8-

100 
100 

67.5 6.0 Grid-No.3 volts, each section, -10 GS 
67.5 6.0 2.0 Grid-No.3 volts, each section, 0 4 81 
: Grid current adjusted for 100 microamperes DC 4BU8 

135 - IV 
135 00 

250 - 8.5 
250 -2 

For other characteristics, refer to Type 5GX7 

For other characteristics, refer to Type 6GZ5 

11.5 
19 

10.5 
1.2 

7700 
62500 

14500 
20000 

2200 
1600 

For other characteristics, refer to Type 4HA7 

72 
80 

17 
100 

4GX7 

4GZ5 

4HA51 
PC gaO 

4HA7 

4HA71 
4HC7 

ISO -1 
150 -1 1~ 5~~~~ i~88 1~~ 4HC7 

~~----~~------~Fo-r-o~th-e-r~ch-a-ra~ct~e~ri~st~ic~s,~r~e~fe-r~to~Ty~p~e~6~H~M~6~~----------------~4HM6 

125 560 125 4 15 143000 14000 4HT6 

For other characteristics, refer to Type 6JC6 4J(;6 

For other characteristics, refer to Type 6KNS/6RHHS 4KN81 
4RHH8 

~ ~DJl 22~~ 2d 20 280000 3900 4LU6 

--~M~ax~.~A~C~V~0It~s~p~er~p~l~at~e~(R~M~S~),~5~5~0----~M~a~x·.-~DC~O~ut~pu~t~m~A~,~3~00~--~M~i~n."T~0~ta~I~E~ffe-c7t.~s~u-PP~IY----5-A-S--4 
__ ~M~a=x~.~pe=a~k~ln~v~er~s~e~V~01~ts~,~15~5~0~~~--~M=ax~.~p~ea~k~p~la~t~e~m~A~,~10~00~~~I~m~p~ed~.~p=er~p~la~te., 91 ohms 

For other characteristics, refer to Type 6ASS SAS8 
Max. DC Output rnA, 325 for AC Valls per Plate, 400 Max. Peak Inverse Volts, 1400 
and Total Effect. Supply Imped. per Plate, 50 ohms Max. Peak Plate rnA per Plate, 1075 
Max. DC Output rnA, 325 for AC Volts per Plate, 500 and (nput Choke 10 henries 5AU4 
Max. Peak Inverse Volts, 1400 Max Peak Plate rnA per Plate, 1075 

200 -6V 13 5750 3300 19 
200 lsilO 150 2.S 9.5 300000 6200 5AV8 

Max. Peak Inverse Volts, 1550 Max. Peak Plate mA per Plate, 750 5AW4 
For ratings and characteristics, refer to Type 5Y3GT 5AZ4 

200 -6V 13 5750 3300 19 
200 Ilia!) ISO 2.8 9.5 300000 6200 

Max. AC Volts per Plate (RMS), 500 ~---==:""'--'=:MC:-a-x-. "'DC=-=-O""Cut-pu~t-m-'A;-.-=I""'SOo-------------
Max. Peak Inverse Volts. 1700 Max. Peak Plate rnA per Plate, 1000 

Min. Total Effect. Supply Imped. per Plate, 21 ohms 
--·M"a=x.-A"C'-;;Vo"ltZ:s~pC:e:-r ""PI"'a..-'te:.:c(iiiR"'M'i.S)"', ""'60';;0C="" . -=-='-'-=:M;-a':::x.=CD~C~Ou~t-pu"Ct-m-A';-, -=1"'500-------

Max. Peak Inverse Volts. 1700 Max. Peak Plate rnA per Plate, 1000 
Min. Value of Input Choke, 10 henries 

588 

5BC3 

ISO 560 18 5000 8500 40 

250 680 110 3.5 10 400000 5200 5BE8 



534 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Nam. out- Dla- Heater or Ing conditions and character-T),p, Ii •• gram Filament (F) Istics for indicated typical USB 

Volts Amperes 

!lST8 Twin-Diode-Sharp-Cutoff Pentade 68 9F£ 4.7 0.6 Class A Amplifier 

5BW8 Twin-Diode- 68 SHK 4.7 0.6 Pentode Unit as Class A Amplifier Sharp-Cutoff Pentode 

5CL8 Medlum-Mu Triode- 68 9FX 4.7 0.6 Triode Unit as Class A Amplifier 

Hlgh-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
5CM8 68 9FZ 4.7 0.6 Pentode Unit as Class A Pentode 

Amplifier 

!lCG8 Medium-Ma Triode- 68 9GE 4.7 0.6 Class A Amplifier Sharp-Cutoff-Pentode 

High-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
5DH8 68 9EG 5.2 0.6 Pentode Unit as Class A Pentode 

Amplifier 

With Capacitive-Input Filter 
5014 Full-Wave Rectifier 19E 8KS 5.0 3.0 

With Inductive-Input Filter 

5ES8 Each Unit as Class A Amplifier !lES8/ Varia~le-Mu Twin-Triode 68 9Al .5.6 0.45 
Cascade Type Amplifier YCC189 

5EU8 Medium-Ma Triode- 68 1I1F 4.7 0.6 Class A Amplifier Sharp-Cutoff Pentode 

5FV8 Medium-Mu Triode 68 9FA 4.7 0.6 Class A Amplifier Sharp-Cutoff Pentode 

Medium-Mu Triode Triode Unit as Class A Amplifier 
5GJ7 61 9QA 5.6 0.45 Pentode Unit Sharp-Cutoff Pentode 

as Class A Amplifier 

5GX6 Sharp-Cutoff Pented. 5e lEN 4.7 0.6 Class A Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

5GX7 68 9QA 5.6 0.45 Pentode Unit as Class A Sharp-Cutoff Pentode 
Amplifier 

5HA7 Daal Triode 8A 12FQ 5.6 0.45 Each Unit as Class A Amplifier 

Medium-Mu Triode- Triode Unit as Class A Amplifier 
5HG8 6B 9MP 5.3 0.45 Pentode Unit as Class A Sharp-Cutoff Pentode 

Amplifier 

51K6 Sharp-Cutoff Pentode 5C 7CM 4.9 0.45 Class A Amplifier 

51L6 Semiremote-Cutoff Pentode 5C 7CM 4.9 0.45 Class A Amplifier 

With Capacitive-Input Filter 
5T4 FUll-Wave Rectifier 4 5T 5.0F 2.0 

With Inductive-Input Filter 

5U4G FUll-Wave Rectifier 278 5T 5.0F 3.0 With Capacitive-Input Filter 

5U9/ Medium-Mu Triode- 6B 10K 5.9 0.45 Class A Amplifier LCF2Dt Sharp-Cutoff Pentode 

With Capacitive-Input Filter 

5V3 Full-Wave Rectifier lIE 5T 5.0F 3.8 
With Inductive Input Filter 

With Capactlve-I nput Filter 

5V4G FUll-Wave Rectifier 25 5L 5 2 
With Inductive-Input Filter 



CHARACTERISTICS CHART 

Grid Bias Screen 
or Grid Plate AC Plate Trans- Amplifi-

Cathode Screen Cur- Cur- Resist- conduct- cation 

Power 

Out-
Plate Resistor Grid rent rent anee anee Factor Load put 

Volts 

200 

125 

250 

125 

100 

170 

150 

100 
125 
120 
125 

Volts mA mA Ohms Mieromhos Ohms Watts 

1800 150 2.8 9.5 300000 6200 

For other charateristics, refer to Type 6BW8 

-IV 14 5000 8000 40 

For other characteristics, refer to 6CM8 

For other characteristics, refer to Type 6CQ8 

3900 7.3 12000 4400 53 

560 125 3.8 13.5 150000 8600 

AC Volts per Plate (RMS), 450 
Max. Peak Inverse Volts, 1700 

DC Output rnA, 275 
Max Peak Plate rnA, 1000 

Min. Total Effect. Supply 
Imp. per Plate, 67 ohms 

AC Volts per Plate (RMS), 550 
Max. Peak Inverse Volts, 1700 

DC Output rnA, 275 
Max Peak Plate rnA, 1000 

For other characteristics, refer to Type 6ES8/ECC189 

For other characteristics, refer to Type 6EU8 

For other characteristics, refer to Type 6FV8A 

-3 15 9000 20 

-1.2 120 10 0.35 11000 55 

3700 
(Grid-No. 

100 3 3.7 140000 1 to Plate) 
750 

1800 
(Grid·No. 

3 to Plate) 
12.5 8700 40 

-IV 13 4700 8500 
90 2.8 8.5 13000 

-IV 125 2.5 8 200000 11000 
For other characteristics, refer to Type 4HA7 

For other characteristics, refer to Type 6HG8 

For other characteristics, refer to Type 6JK6 

Min. Value of Input 
Choke, 10 henries 
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RCA 

Type 

58T8 
5BW8 
5CL8 

5CM8 

5CQ8 

5DH8 

5DJ4 

5ES8 
5ES81 

YCC189 
5EU8 
5FV8 

5GJ7 

5GX6 

5GX7 

5HA7 

5HG8 

5JK& 
60 4 12.5 120000 15500 ~1~25~~~AO~~~~..-~ ____ ~~~~~~~~ __ -..~~~~~~~ __ ~5~Jl=&~ 

Max. AC Volts per Plate (RMS), 450 Max. DC Output rnA, 225 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA, 675 Imped. per Plate, 150 ohms 
Max. AC Volts per Plate (RMS), 550 Max. DC Output rnA, 225 Min. Value of Input Choke, 
Max. Peak Inverse Volts, 1550 Max. Peak Plate mH, 675 10 henries 
Max. AC Volts per Plate (RMS), 450 Max. DC Output rnA, 225 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1550 Max. Peak Plate rnA, 675 Imped. per Plate, 170 ohms 

For other characteristics, refer to Type 6U9/ECF201 

Max. AC Volts per Plate (RMS), 425 Max. DC Output rnA, 350 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 1200 

Min. Total Effect. Supply Imped. per Plate, 56 ohms 
Max. AC Volts per Plate (RMS), 500 Max. DC Output rnA, 350 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 1200 

5T4 

5U40 
5U91 

LCF201 

5V3 

Min. Value of Input Choke, 10 henries 
~M~a-x.-A~C~Vo~l~ts-p-e-r~P~la~te~(~R~M~S)~,375 -~~~~M~a~x-.·~DC~O~ut~p~ut-m-A~,~1~75~------------
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 525 

Min. Total Effect. Supply Imped. per Plate, 100 ohms 
Max. AC Volts per Plate (RMS), 500 Max. DC Output rnA, 175 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA per Plate, 525 

Min. Value of Input Choke, 4 henries 

5V4G 
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Use 
RCA Terminal Values to right give operat· 

Name Out- Di .. Huter or ing conditions and' character· 
Type II •• grim Filament (F) istics for indicated typical use 

Volts Amperes 

SV6GT Beam Power Tube 130 7AC 4.7 0.6 Class A Amplifier 

SW4 Full·Wave Rectifier 2B 5T 5.0F 1.5 With Capacitive-Input Filter SW4GT 13E 5T 

SX4G Full-Wave Rectifier 27B 5Q 5.0F 3.0 

'SY4G 25 5Q 
SY4GA Full-Wave Rectifier 19E 5Q 5.0F 2.0 
5Y4GT 13E 5Q 

5Z3 Full-Wave Rectifier 27B 4C 5.0F 3.0 

With Capacitive-Input Filter 
SZ4 Full-Wave Rectifier 2B 5L 5.0 2.0 

With Inductive-Input Filter 

6A3 Power Triode 27B 40 6.3F 1.0 Amplifier 

6A6 Hiab-Mu Twin Power Triode 28 7B 6.3 0.8 Amplifier 

SA7 Pentagrid Converter 24B 7C 6.3 0.3 Converter 6A7S 24B 

6AB 3 8A 
6A8G Pentagrid Converter 23 8A 6.3 0.3 Converter 

6A8GT 14A 8A 

6A95! Electron-Ra, Tube 22 or 6R 6.3 0.15 Visual Indicator 6N5 13H 

6AB7 Sharp-Cutoff Pentode 2A 8N 6.3 0.45 Class A Amplifier 
Class B Amplifier 

6AC5GT High-Mu Power Triode 130 6Q 6.3 0.4 Dynamic-Coupled Amplifier With 
76 Driver 

6AC7 Sharp-Cutoff Pentode 2A 8N 6.3 0.45 Class A Amplifier 

6AD6G Electron-Ray Tube 2BE 7AG 6.3 0.15 Visual Indicator 

Triode Unit as Class A Amplifier 
6AD7G lOW-Mu Triode-Power Pentode 25 8AY 6.3 0.85 Pentode Unit as Class A 

Amplifier 
6AE5GT Low-Mu Triode 130 8Q 6.3 0.3 Class A Amplifier 

Remote Cutoff Triode 
6AE6G Twin-Plate Control Tube 22 7AH 6.3 0.15 

Sharp-Cutoff Triode 

6AE7GT Twin-Input Triode 130 7AX 6.3 0.5 Class A Amplifier 

6AG7Y· Power Pentode 2B 8Y 6.3 0.65 Class A Amplifier 

6AGll Twin Diode-Twin Triode 8A 12DA 6.3 0.75 Each Triode as Class A Amplifier 

6AR4GT low-Mu Triode 130 8El 6.3 0.75 Vertical Deflection Amplifier 

6AR6 Sharp-Cutoff Pentede 5C 78K 6.3 0.45 Class A Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

6ARS Sharp-Cutoff Pentode 8B 12HI 6.3 0.9 Pentode Unit as Class A Amplifier 

6A1B! 9CA 6E 6.3 0.3 
Triode Unit as Oscillator 

ECRS1 
Triode-Heptode Converter Heptode Unit as Mixer 

6AKB! Triple Diode- 6E 9E 6.3 0.45 Triode Unit as Class A Amplifier 
EABCSD High-Mu Triode 

-SAK1O HighoMu Triple Triode 8C 12FE 6.3 0.9 Each Unit as Class A Amplifier 

6AL3 Half-Wave Rectifier 70 9CB 6.3 1.55 Television Damper Service 

• Industrial Type 



CHARACTERISTICS CHART 

Grid Bias Screen Power 
or Grid Plate AC Plate Trans- Amplifi-

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate 

Volts 

Resistor Grid rent rent ance ance Factor Load put 

Volts mA mA Ohms Micromhos Ohms Watts 

For other characteristics, refer to Type 6V6GT 

Max. Peak Inverse Volts, 1400 Max. DC Output rnA, 100 Max. Peak Plate mA,300 

For other ratings, refer to Type 5U4G 

Max. Peak Plate rnA, 375 (5Y4G) 
Max. Peak Plate rnA, 400 (5Y4GA, 5Y4GT) For other ratings, refer to Type 5Y3G 

For other ratings, refer to Type 5U4G 
Max. AC Volts per Plate (RMS), 350 Max. DC Output rnA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 375 
Max. AC Volts per Plate (RMS), 500 Max. DC Output rnA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate rnA, 375 

For other characteristics, refer to Type 6B4G 

For other characteristics, refer to Type 6N7GT 

For other characteristics, refer to Type 6A8 

Min. Total Effect Supply 
Imped. per Plate, 50 ohms 
Min. Value of Input Choke, 

5 henries 
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RCA 

Type 

5V6GT 
5W4 

5W4GT 
5X4G 
5Y4G 

5Y4GA 
5Y4GT ------m-

5Z4 

6A3 
6A6 
£A7 
6A7S 

Anode-Grid (2): 250 max. V, 4.0 rnA 6AB 
2.7 3.5 360000 Oscillator-Grid (1) Res. Conversion 6A8G 250 - 3V 100 

__________ ~----------------------------T-ra-ns-c-on-d-.,-5-5-0-~-m-h-os----_________ 6A8GT 
Plate & Target Supply = 135 volts. Triode Plate Resistor = 0.25 Mn Target Current = 2.0 rnA 
Grid Bias, - 10.0 volts; Shadow Angle, 0·. Bias, 0 volts; Angle, 90°; Plate Current, 0.5 rnA. 6AB5/ 
Plate & Target Supply _ 135 volts. Triode Plate Resistor _ 1.0 Mn Target Current _ 1.9 rnA 6N5 
Grid Bias, - 15.5 volts; Shadow Angle, 0°. Bias, a volts; Angle, 90°; Plate Current, 0.13 rnA 
300 - 3V 200 3.2 12.5 700000 5000 6AB7 
250 OV 5.00 10000 8.0t 

250 
Bias for both 6AC5GT and 76 is developed in coupling circuit 
Average Plate Current of Driver = 5.5 milliamperes 
Average Plate Current of 6AC5GT = 32 milliamperes 

7000 3.7 6AC5GT 

300 160n 150 2.5 10.0 1M 9000 6AC7 
Target Voltage, 150 volts. Control-Electrode Voltage, -50 volts; Shadow Angle, 135°; Target 

Current, 1.2 rnA Control-Electrode Voltage, 75 volts; Angle, 0°; Target Current, 3 rnA 6AD6G 
250 -25V 3.7 19000 325 6 

250 -16.5V 250 6.5 34.0 80000 2500 7000 3.2 
-==-----....::::..:------....:::.:..--=="'-----"""'------.:....------ 6AD7G 

95 -15V 7.0 3500 1200 4.2 6AE5GT 
250 - 1.5V 6.5 25000 1000 25 
250 -35V 0.01 
250 1.5V 4.5 35000 950 33 ~;;--------'-,-<V---------ii"_--;;;=--=;__---;;;;__------ 6AE6G 
250 - 9.5V 0.01 
250 -13.5V 10.0 4650 3000 14 6AE7GT 

For other characteristics, refer to Type 6AG7 6AG7Y· 
125 -lV 
Max. DC Plate Volts, 500 
Max. DC Cathode rnA, 60 

300 160n 150 

7.5 

2.5 

8500 7800 66 
Max. Peak Positive-Pulse Plate Volts, 2000 
Max. Plate Dissipation, 7.5 watts 

500000 9000 

6AGll 
6AH4GT 

250 9V 8 7300 2750 20 
250 1220 150 6 25 5500 21000 6AH9 
50 0 125 32 76 

---;2~5O~----G=.:r-;;id~Re:.:s"'. ,_4,,-70:.:0::.0...:0:::hm:::s:""';-__ i4.;;-5~ __ ..,.... ____ -;;:::::D~S::C i:;.;ll:::at~o~r c:Gr:::id=cuo-:r~re:;:;n~t,~2;cOO":-!:-.~;A c::-::-- 6AJ81 
250 2V 6.7 3.2; 1M Conversion Transcond., 775 micromhos ECH8t 
250 -3V 1 58000 1200 70 6AK8/ 
100 -IV 0.8 54000 1300 70 EABC8D 

Max. Peak Inverse Plate Volts, 7500 (Abs.) 
Max. Peak Plate rnA, 550 
Max. DC Plate rnA, 220 

t For two tubes at stated plate-to-plate load. 

Max. Plate Dissipation, 5 watts 
Max. Peak Heater-Cathode Volts, 6600 6AL3 

o For two tubes. 
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Use 
RCA Terminal Values to right give operat-

Name Dut- Dia- Heater or ing conditions and character· 
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

6AL7GT Electron-Ray Tube 13C 8CH 6.3 0.15 Visual Indicator 

&AM4 High-Mu Triode &A 9BX 6.3 0.225 Class A Amplifier 

6.3 0.45 
Diode Unit 

6AM8 Diode-Sharp-Cutoff Pentode &B BCY 6.3 0.45 Pentode Unit as Class A 
Amplifier 

&AN4 High-Mu Triode 5B 7DK 6.3 0.225 Class A Amplifier 

&AN5· Beam Power Tube 5C 7BD 6.3 0.45 Class A Amplilier 

Medium-Mu Triode-5harp·Cutoff 6.3 0.45 
Triode Unit as Class A Amplifier 

6AN8 Peatode &B 9DA 6.3 0.45 Pentrode Unit as Class A 
Amplifier 

6AQ5 Beam Power Tube 5D 7BZ 6.3 0.45 Single Tube Class A Amplifier 
6.3 0.45 

Push-Pull Class Al Amplifier 

&A06 Twin-Diode-High-Mu Triode 5C 7BT 6.3 0.15 Triode Unit as Class A Amplifier 

6A07GT Twin·Diode-High,Mu Triode 13D 8CK 6.3 0.3 Triode Unit as Class A Amplifier 

6AQ8 High-Mu Twin Triode 6B 9Al 6.3 0.435 Each Unit as Class A Amplifier 

6AR5 Power Pentode 5D BCC 6.3 0.4 Class A Amplifier 

6AR8 Beam-Deflection Tube &E 9DP 6.3 0.3 Color TV Demodulator 

&AS6· Dual Control RF Pentode 5B 7CM 6.3 0.175 Class A Amplifier 

&AS7GA· low-Mu Twin Triode 19E 8BD 6.3 2.5 Voltage Regulator 
Dual Triode Unit as Class A 

6AS11 Dual Triode-Sharp-Cutoff 8B 12DP 6.3 1.05 
Amplifier 

Pentode Pentode Unit as Class A 
Amplifier 

6AT8 Medium-Mu Triode B8 9DW 6.3 0.45 Triode Unit as Class A Amplifier 

6AU4GT Half-Wave Rectifier 13G 4CG 6.3 1.8 Television Damper Service 

6AU6 Sharp-Cutoff Pentode 5C 7BK 6.3 0.3 Class A Amplifier 6.3 0.3 

6AU7 Medium-Mu Twin Triode &B 9A 3.15 0.6 Each Unit as Class A Amplifier 6.3 0.3 

Medium-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6AU8 6E 9DX 6.3 0.6 Pentode Unit as Class A Pentode 
Amplifier 

6AV5GT Beam Power Tube 13D BCK 6.3 1.2 Horizontal Deflection Amplifier 

6AV11 Medium-Mu Triple Triode 8A 12BY 6.3 0.6 Each Unit as Class A Amplifier 

High-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6AW8 &E 9DX 6.3 0.6 '. Pentode Unit as Class A Pentode 
Amplifier 

6AX4GT Half-Wave Rectifier 13D 4CG 6.3 1.2 Television Damper Service 

Medium-Mu Triode-Semiremote 
Triode Unit as Class A Amplifier 

&AXa Cutoff Pentode &B 9AE 6.3 0.45 Pentode Unit as Class A 
Amplifier 

6AY3 Half-WaYe Rectifier 11D 9HP 6.3 1.2 Television Damper Service 

6AYll Twin Diode-High-Mu Twin Triode 8A 12DA 6.3 0.69 Each Triode Unit as Class A 
Amplifier 

6B4G Power-Triode 27B 5S 6.3F 1.0 Class A Amplifier 

6B5 Direct-Coupled Power Triode 2& BAS 6.3 0.8 Class A Amplifier 

6B6G Twin-Diode-High-Mu Triode 23 7V 6.3 0.3 Triode Unit as Amplifier 

• Industrial type 



CHARACTERISTICS CHART 539 

Grid Bias Screen Power 
Dr Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate Resistor Grid rent rent ance ance Factor Load put Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 

Target Voltage, 315 volts Grid Voltage for Pattern Cutoff, -7 volts approx. 
6AL7GT Grid Voltage = 0 volts Deflecting-Electrodes-No.1, No.2 and No.3 

Cathode Bias Res., 3300 ohms approx. Voltage, 0 
200 1000 10 8700 9800 85 6AM4 

Max. DC Plate rnA, 5 Max. Peak Heater-Cathode Volts, ±200 
6AM8 125 560 125 3.2 12.5 7800 

200 1000 13 7000 10000 70 6AN4 
120 1200 120 12 35 12500 8000 2500 1.3 6ANS· 
150 - 3V 15 4500 4700 31 

125 560 125 3.8 12 170000 7800 
6AN8 

180 - 8.5V 18U 3.0 29.0 50000 3700 5500 2.0 
250 -12.5V 250 4.5 45.0 50000 4100 5000 4.5 6AQ5 
250 -15V 250 5.00 70.00 60000 10000 10.0t 
100 - IV 0.8 61000 1150 70 6AQ& 250 -- 3V 1.0 58000 1200 70 
250 - 2V 2.3 44000 1600 70 6AQ7GT 
250 - 2.3V 10 5900 57 6AQ8 
250 -18V 250 5.5 32.0 90000 2300 7600 3.4 6ARS 
250 3000 250 10 4000 6AR8 
120 -2V 120 3.5 5.2 110000 3200 (EC3 = OV) 6AS6· ._----

For other characteristics, refer to Type 6AS7G 
200 2200 9.2 4400 4400 41 
200 - 2V 7 12400 5500 68 

200 125 125 5.2 24 70000 10500 

125 -IV 12 6000 6500 40 
Max. Peak Inverse Plate Volts, 4500 (Absolute) 
Max. Peak Plate rnA, 1050 

Max. Average Plate rnA, 175 
Max. Plate DiSSipation 6.0 watts 

100 1500 100 2.1 5.0 500000 3900 
250 680 150 4.3 10.6 1M 5200 
100 OV 11.8 6250 3500 19.5 
250 - 8.5V 10.5 7700 2200 17 

-150 1500 9 8200 4900 40 

200 820 125 3.4 15 150000 7000 

Max. DC Plate Volts, 550 Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) 
Max. DC Cathode rnA, 110 Max. Plate Dissipation, 11 watts 

250 -8.5V 10.5 7700 2200 17 
100 OV 11.8 6500 3100 20 

-200 - 2V 4 4000 70 
150 1500 150 3.5 13 200000 9500 

6AW8A Features a plate current characteristic with a controlled knee 
Max. Peak Inverse Plate Volts, 4400 Max Peak Heater-Cathode Volts. J -4400" 
Max. Peak Plate rnA, 750 . . I +300 
Max. DC Plate rnA, 125 «DC component must not exceed 900 volts 

150 5600 18 .-,~""00:::0,-----,8",,50:::0,--_-,4,,,,0 ______ ..:.==--
250 1200 110 3.5 10 400000 4800 

Max. Peak Inverse Plate Volts, 5000 '--;C;-~;-;--=~-;7-~~-,.,--'----Max. Plate Dissipation, 6.5 watts 
Max. Peak Plate rnA, 1100 
Max. DC Plate rnA 175 

250 - 2V 

250 -45V 

Max. Peak Heater-Cathode Volts: 

1.2 52700 1900 100 

60 800 5250 4.2 
For other characteristics, refer (0 Type 6N6G 

For other characteristics, refer to Type 6SQ7 

{- 5000 
+ 300 

2500 3.5 

6AS7GA· 

6ASll 

6AT8 
6AU4GT 

6AU6 
6AU7 

6AU8 

6AV5GT 

6AVll 

6AW8 

6AX4GT 

6AX8 

6AY3 

6AYll 
684G 
685 
686G 

t For two tubes at stated plate to plate load. o For two tubes. 



540 RCA RECEIVING TUBE MANUAL 

UII 
RCA Terminal Values to right §Ive operat-

Nam. Out- Dla- Heater Ir in~ conditions an character-
Trpl line Iram FilameRt (F) istlcs for indicated typical use 

Volts Amperes 

6B7 Twln-Diade-Remate-Cutoff 24B 10 6.3 0.3 Pentode Unit as Amplifier 6B7S Pentode 24B 

BB8 TWin-Diode-Semlremote-Cutoff 3 1£ 6.3 0.3 Pentode Unit as Amplifier Pentode 

6B8G Twin Diode-Semiremote-Cutoff 23 1£ 6.3 0.3 Pentode Unit as Class A 
Pentode Amplifier 

BBA3 Half-Wave Vacuum Rectifier 3GB 9HP 6.3 1.2 Television Damper Service 

6BC5 Sharp-Cutoff Pentode 5C lBD 6.3 0.3 Class A Amplifier 

BBC7 Triple Diode &B 9AX 6.3 0.45 Each Unit-Half-Wave Rectifier 

*6B04 Sharp-Cutoff Beam Triode 21C IFU 6.3 0.6 Voltage-Control 

*6B04A Sharp-Cutoff Beam Triode 21C IFU 6.3 0.6 Voltage-Control 

BBDB Remote-Cutoff Pentode 5C lBK 6.3 0.3 Class A Amplifier 

Dual Triode-
Triode No. 1 as Class A Amplifier 

BBDll Sharp-Cutoff Pentode IB 12DP 6.3 1.05 Triode No.2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

BBF5 Beam Power Tube 50 lBZ 6.3 1.2 Class A Amplifier 

BBFB Twin-Diode-Medlum-Mu Triode 5C lBT 6.3 0.3 Triode Unit as Class A Amplifier 

BBGBG Beam Power Tube 28B 5BT 6.3 0.9 Horizontal Deflection Amplifier 6BG6GA 21B 5BT 

6BH3 Half-Wave Rectifier 110 IHP 6.3 1.6 Television Damper Service BBH3A 
6Bt1B Medium-Mu Triode- 6£ 9DX 6.3 0.6 

Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

BBJ3 Half-Wave Rectifier IC 12BL 6.3 1.2 Television Damper Service 

6BJ6A Remote-Cutoff Pentode 5C 1eM 6.3 0.15 Class A Amplifier 

BBJ7 Triple Diode &B 9AX 6.3 0.45 Each Unit-Half-Wave Rectifier 

6BK4 Beam Triode 21B aGC 6.3 0:2 Voltage-Control 
*6BK4A 
*6BK4B Beam Triode 21B 8GC 6.3 0.2 Shunt Voltage Regulator 

BBK5 Btam Power Tube 6£ 9BQ 6.3 1.2 Class A Amplifier 

6BK7A Medlum-Mu Twin Triode 6B 9AJ 6.3 0.45 Each Unit as Class A Amplifier 6.3 0.45 

6Bl4 Half-Wave Rectifier 13F 8GB 6.3 3.0 Television Damper Service 

6Bl7GT Medium-Mu Twin Triode 130 8BO 6.3 1.5 Vertical Deflection Amplifier 

Medium-Mu Triode- Triode Unit as Class A Amplifie! 
6Bl8 Sbarp-Cutoff Peatade 6B 9DC 6.3 0.45 Pentode Unit as Class A 

Amplifier 
6BN4 Medium-Mu Triode 5C lEG 6.3 0.2 Class A Amplifier 

6BN6 Beam Tube 5'0 7DF 6.3 0.3 Limiter and Discriminator 

6BG6GT Beam Power Tube 14D SAM 6.3 1.2 Horizontal Deflection Amplifier 

6BG7 Medium-Mu Twin Triode 6B 9AJ 6.3 0.4 Each Unit as Class A Amplifier 

Medium-Mu Triode-Sbarp-Cutoff 6.3 0.45 
Triode Unit as Class A Amplifier 

6BR8 6B 9FA Pentode Unit as Class A Pentade 6.3 0.45 Amplifier 

* See Safety Precautions at end of this section. 



CHARACTERISTICS CHART 

Grid Bias Screen Power 
Amplifi-or 

Cathode 
Plate Resistor 

Volts 

Input Triode: 
Output Triode: 

250 - 3V 

Grid Plate AC Plate Trans-
Screen Cur- Cur- Resist- conduct- cation 

Grid rent rent ance ance Factor Load 

Volts mA mA Ohms Micromhos Ohms 

Plate Volts, 300 max; Grid Volts, o· Plate rnA, 8; AF Signal Volts (Peak), 21 
Plate Volts, 300 max.; Plate rnA, 45; Plate Res., 24000 ohms; Load Resistance, 
7000 ohms; Power Output, 4 watts 

for other characteristics, refer to Type 12C8 

125 2.3 9 600000 1125 

Dut-
put 

Watts 

541 

ICA 

Trpe 

6B7 
6B7S 

688 

6BSG 
Max. Peak Inverse Plate Volts, SOOO i-5000" 
Max. Peak Plate rnA, 1000 Max. Peak Heater-Cathode Volts \ +300 68A3 
Max. DC Plate rnA, 165 •• DC Component must not exceed 900 Volts 

For other characteristics, refer to Type 6BC5/6CE5 6BC5 
Max. Peak Inverse Plate Volts, 330 Max. DC Output rnA, 12 68C7 
Max. Peak Plate rnA, 54 Min. Total Effect. Plate Supply Impedance, 560U 

Max. DC Plate Volts, 20000 Max. DC Plate rnA, 1.5 6BD4 
Max. Unregulated DC Supply Volts, 40000 Max. Plate Dissipation, 20.0 watts 
Max. DC Plate Volts 27000 Max. DC Plate rnA, 1.5 6BD4A 
Max. Unregulated DC Supply Volts, 55000 Max. Plate Dissipation, 25.0 watts 

250 - 3V 100 3.0 9.0 800000 2000 6806 
200 -2V 7 12400 5S00 68 

~200~ ____ ~~OU~ __ ~~~~~9~.2~-7.~ __ ~~ __ ~ ______________ 68011 
135 100U 135 4 17 

9400 4400 41 
45000 10400 

110 - 7.5V 110 4.0 12000 7500 2500 1.9 36.0 68F5 
250 - 9V 8500 1900 16 

Power Output, 
300 milliwatts 

Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 68S6S 
Max. DC Cathode rnA, 110 Max. Plate DiSSipation, 20 watts 6BG6GA 
Max. Peak Inverse Plate Volts, 5500 Max. Plate Dissipation, 6.5 watts 6BH3 
Max. Peak Plate rnA, 1100 Max. Peak Heater-Cathode Volts: {- 5S00 68H3A 
Max. DC Plate m:::A"-,-=1;::80'--____ _c~-___=_==_-_c==;_-_:_:;__-----'-'+~30:.::0-----

--lSO-----~~ __ ~~ __ ~---97..5~~5~1~SO~~3~3~00~---=1~7--------------- 18HB 
--200------82{} 125 3.4 15 150000 7000 

Max. Peak Inverse Plate Volts, 3300 
Max. Peak Plate rnA, 840 

{- 3300" Max. Peak Heater-Cathode Volts +300 
Max. DC Plate rnA, 140 •• DC component must not exceed 600 volts 

100 -IV 100 3.5 250000 3650 

Max. Peak Inverse Plate Volts, 330 Max. DC Output rnA, 1 
Max. Peak Plate rnA, 10 Max. Peak Heater-Cathode Volts, +100, -330 

Max. DC Plate Volts, 27000 Max. DC Plate rnA, 1.6 
Max. Unregulated DC Supply Volts, 60000 Max. Plate Dissipation, 25 Watts (6BK4) 

Max. Plate Dissipation, 30 Watts (6BK4A) 
Max. DC Plate Volts, 27000 Max. Average Plate rnA, 1.6 

Max. Unregulated DC Supply Volts, 60000 Max. Plate Dissipation, 40 Watts 

250 - 5V 250 3.5 35 100000 8500 6500 3.5 

68J3 

6BJ6A 
68J7 

6BK4 
6BK4A 

6BMB 
68K5 

150 560 18 4600 9300 43 Grid-No.1 Volts 6BK7A 
for Cutoff, -11 

Max. Peak Inverse Plate Volts, 4500 (Abs.) Max. Peak Heater-Cathode Volts 1-4+305000' (Abs.) 6Bl4 
Max. Peak Plate rnA, 1200 
Max. DC Plate rnA, 200 'DC component not to exceed -900 volts 
Max. DC Plate Volts, 500 Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 6BL7GT 
Max. DC Cathode rnA. (Each Unit), 60 Max. Plate Dissipation (Each Unit), 10 watts 

_1~0~0 ____ -~2~V ____ -=~~I~~~1~4 __ ~==~~5~00~0 ____ =20~ ________ ~~~ 6B~ 
170 - 2V 170 2.8 10 400000 6200 

150 2200 9 6300 6800 43 

For other characteristcis, refer to Type 6BN6/6KS6 

Max. DC Plate Volts, 550 Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) 
Max. DC Cathode rnA, 110 Max. Plate Dissipation, 11 watts 

150 2200 9.0 

125 - IV 13.5 

125 - IV 110 3.5 9.5 

5800 6000 

7500 

200000 5000 

35 

40 

Grid-No.1 Volts 
for Cutoff, -10 

6BN4 
6BN6 

6BQ6GT 

6BQ7 

6BR8 
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Use 
RCA Terminal Values to right tve operat-

Name out- Dia- Heater or in~ conditions an character-
Type line gram Filament (F) is ics for Indicated typical use 

Volts Amperes 

6BS3 Half-Wave Rectifier 110 SHP 6.3 1.2 Television Damper Service 

6BS8 Medium-Mu Twin Triode 6B SAl 6.3 0.4 Each Unit as Class A Amplifier 

BBYS Twin Dlode-Medium-Mu Triode 6B 9Fl 6.3 0.6 Triode Unit as Class A Amolifier 

With Capacitive Input Filter 

BBW4 FUll-Wave Rectifier 6E 901 6.3 0.9 

With Inductive Input Filter 

SBWS Twin Diode- 68 9HK 6.3 0.45 Pentode Unit as Class A Amplifier Sharp-Cutoff Pentode 

Vertical Deflection Oscillator 
BBX7GT Medlum-Mu Twin Triode 130 180 6.3 1.5 

Vertical Deflection Amplifier 

BBY5GA FUll-Wave Rectifier lIB 6CN 6.3 1.6 Television Damper Service 

BBY11 Beam Power Tube- It 12EZ 6.3 1.2 
Beam Unit as Class A Amplifier 

Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

61lll Medium-Mu Twin Triode 68 9Al 6.3 0.4 Each Unit as Class A Amplifier 

6Bl8 Medium-Mu Twin Triode 68 9Al 6.3 0.4 Each Unit as Class A Amplifier 

BC5 Medium-Mu Triode 2A 6Q 6.3 0.3 Class A Amplifier 
6C5GT 14A 6Q 

BCB Sharp-Cutoff Pentode 24A 6F 6.3 0.3 Amplifier Detector 

6Cl Twin-Diode-Medium-Mu Triode 248 7& 6.3 0.3 Triode Unit as Class A Amplifier 

6C8G Medium-Mu Twin-Triode 23 IG 6.3 0.3 Each Unit as Class A Amplifier 

BC1D High-Mu Triple Triode 8A 12BQ 6.3 0.6 Each Unit as Class A Amplifier 

6CAl Power Penta de lET 6.3 1.5 
Class A Amplifier 

Push-Pull Class AB, Amplifier 

6CB5 Beam Power Tube 21A 8GD 6.3 2.5 Horizontal Deflection Amplifier 

6CB6 Sharp-Cutoff Pentode 5C 7CM 6.3 0.3 Class A Amplifier 

6CD6G Beam Power Tube 28B 5BT 6.3 2.5 Horizontal Deflection Amplifier 

6CE3 Half-Wave Vacuum Rectifier 8G 12GK 6.3 2.5 Television Damper Service 

6CE5 Sharp· Cutoff Pentode 5C 7BD 6.3 0.3 Class A Amplifier 

6CF6 Sharp-Cutoff Pentode 5C 7CM 6.3 0.3 Class A Amplifier . 
6CG3/ Half-Wave Rectifier II' 12FX 6.3 1.8 Television Damper Service 6CD3 

6CG8 Medium-Mu Triode-Sharp-Cutoff 6.3 0.45 
Triode Unit as Class A Amplifier 

6B 9GF Pentode Unit as Class A Pentode 6.3 0.45 Amplifier 

Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
SCHS Pentode 8B 9FT 6.3 0.45 Pentode Unit as Class A 

Amplifier 

6CK3 Half-Wave Vacuum Rectifier 308 9HP 6.3 1.2 Television Damper Service 

BCK4 Low-Mu Triode 13F lIB 6.3 1.25 Vertical Deflection Amplifier 

Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
6ClS 68 9FX 6.3 0.45 Tetrode Unit as Class A Tetrode Amplifier 



CHARACTERISTICS CHART 543 

Grid Bias Screen Power 
or Grid Piate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Piate Resistor Grid rent rent ance ance Factor load put Type 

Volts Volts rnA rnA Ohms Micromhos Ohms Watts 

Max. Peak Inverse Plate Volts, 5000 Max. Plate Dissipation, 6 watts {_ 5000 6BS3 
Max. Peak Plate rnA, 1100 Max. Peak Heater-Cathode Volts: 
~OC~~~ +~ 

150 2200 10 5000 7200 36 6 BS8 
~~~0~~~3~30~0~~~~~-=~ __ 1=1~ __ ~59~00~._~5~60~0~~~33~~~~~. _______ 6BV8 

Max. AC Volts per Plate (RMS), 325 Max. DC Output rnA, 62.5 
Max. Peak Inverse Volts, 1275 Max. Peak Plate rnA, per Plate, 350 

Total Effect. Supply Imped. per Plate, S2 ohms 60W 
--~M~a-x.-A~C~VO~lt~s~p-er~PI~at~e~(~RM~S~)~,~45~O~~~~~~~~~~M~a=x~.~D~C~O~utLp~ut~m~A','6~2.~5------- 4 

Max. Peak Inverse Volts, 1275 Max. Peak Plate rnA per Plate, 350 
Min. Value of Input Choke, 10 henries 

250 110 3.5 10 250000 5200 6BWB 
Max. DC Plate Volts, 500 Max. DC Cathode rnA, ISO 
Max. Plate Dissipation: 10 watts either plate; 12 watts both plates 60X1GT 

--~M~a~x~.D~C~PI~at~e~V~0~lt~s,~5~00~~~~M~a~x~.~pe~a~k~P~os~it~iv~e~-P~u~ls~e~P~la~te~V~0~lt~s-,2~0~00~(A7bS-.')-----------
Max. DC Cath. rnA, ISO Max. Plate Dissipation: 10 watts either plate; 12 watts beth plates 
Max. Peak Inverse Plate Volts, 3000 (Abs.) { 450 
Max. Peak Plate rnA, 525 Max. Peak Heater-Cathode Volts: +100 
Max. DC Plate rnA, 175 

6BY5GA 

~U~0~ __ ~8.ro~ ____ ~14~0~~3~.9 __ ~74~~3~30~00~~4~90~0 __________ ~~~0~0 __ ~.4~-6BYll 
150 1S00 100 3.4 2.S 110000 2500 (grid no. 1 to plate) 

150 2200 10 5300 6S00 36 

125 loon 10 5600 SOOO 45 

250 - SV S.O 10000 2000 20 

For other characteristics, refer to Type 6J7 

250 - 9V 4.5 16000 1250 20 

3.7 13 
Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 7000 
Max. DC Cathode rnA, 200 Max. Plate Dissipation, 20 watts 

For other characteristics, refer to Type 6CE3/6CD3/6DT3 

125 - IV 125 2.3 11 300000 7600 

125 56n 125 3.7 12.5 300000 7S00 

Max. Peak Inverse Plate Volts, 5000 Max. DC Plate rnA, 350 Max. Peak Heater Cathode Volts: r +300 
Max. Peak Plate rnA, 2100 Max. Plate Dissipation, 6.5 watts 1-5000 

100 IV 12 6000 6500 40 

250 - IV 125 2.2 300000 5500 

200 - 6V 13 5750 3300 19 

200 IS0n 150 2.S 9.5 300000 6200 

Max. Peak Inverse Plate Volts, 5200 Max. Peak Heater-Cathode Volts {-+3502000** 
Max. Peak Plate rnA, 1200 

__ .....,,,:M::.:a~xi.-. ~DC';:-;-,PI~at~e:,.;m~A~,~2:;.50~ _____________ *·~DC~component must not exceed 900 volts 
Max. DC Plate Volts, 550 Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Peak Cathode rnA, 350 Max. Plate Dissipation, 12 watts 

-125 - IV 14 5000 SOOO 40 

125 - IV 125 4 12 120000 6000 

6BZ7 
6Bl8 
6C5 

6C5GT 
6C6 
6Cl 
6C8G 
6C1D 

6CAl 

6CD6G 
6CE3 
6CE5 
6CF6 
6CG3/ 
6CD3 

6CG8 

6CNB 

6CK3 

6CK4 

6Cl8 



544 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Dla- Heater Dr inll conditions and character-
Type linl gram Filameat (F) istlcs for Indicated typical use 

Volts Amperes 

&CM& Beam Power Tube 6E 9CK 6.3 0.45 Class A Amplifier 

High-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
&CMB 6B 9FZ 6.3 0.45 Pentode Unit as Class A Pentode Amplifier 

&CQ4 Half-Wave Rectifier 13G 4CG 6.3 1.6 Television Damper Service 

6CR6 Diode-Remote-Cutoff Pentode 5C 7EA 6.3 0.3 Pentode Unit as 
Class A Amplifier 

6CT3 Half·Wave Rectifier 6H 9RX 6.3 1.2 Television Damper Service 

&CUB Medium-Mu Triode- 6B 9GM 6.3 0.45 
Triode Unit as Class A Amplifier 

Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

6CW5 Power Pentode 6S BCY 6.3 0.76 Vertical-Deflection Amplifier 

&04· Gas Triode 5C 5AY 6.3 0.25 Thyratron 

606 Remote-Cutoff Pentode 24A 6F 6.3 0.3 Amplifier Mixer 

607 Sharp-Cutoff Pentode 24A 7H 6.3 0.3 Amplifier Detector 

608G Pentagrid Converter 23 8A 6.3 0.15 Converter 

&010 High-Mu Triple Triode 8A 12BQ 6.3 0.45 Each Unit as Class A Amplifier 

60M Half-Wave Rectifier 13D 4CG 6.3 1.2 Television Damper Service 

60B5 Beam Power Tube 6F 9GR 6.3 1.2 Class A Amplifier 

60C8 Twin Diode-Remote-Cutoff 6E SHE 6.3 0.3 Class A Amplifier Pentode 

60C8/ Twin Diode-Semiremote 6E 9HE 6.3 0.3 Pentode Unit as 
EBF89 Cutoff Pentode Class A Ampl ifier 

60E4 Half-Wave Vacuum Rectifier 13G 4CG ,6,3 1.6 Television Damper Service' 

&OL4/ High-Mu Triode 6M 9NY 6.3 0.165 Class A Amplifier EC88 
60lS 

&OL5/ Power Pentode 5E 7DQ 6.3 0.2 Class A Amplifier 
EL95 

SDM4 Half-Wave Rectifier 13G 4CG 6,3 1.2 Damper Service 60M4A 
&ON& Beam Power Tube 21B 5BT 6,3 2,5 Horizontal Denection Amplifier 

SOM Half-Wave Rectifier 13F 4CG 6.3 1.2 Damper Service 

SOQ6A Beam Power Tube 20 6AM 6.3 1.2 Horizontal Deflection Amplifier 60QSB 
SOT6 Sharp-Cutoff Pentode 5C 7EN 6,3 0.3 Class A Amplifier 

60W4 Half-Wave Rectifier 110 BHP 6.3 1.2 Television Damper Service 

60W4A Half-Wave Rectifier 11'0 9HP 6.3 1,2 Television Damper Service 

SOWS Beam Power Tube 6G 9CK 6.3 1.2 Vertical Deflection Amplifier 

SOX8 High-Mu Triode- Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode 6E 9HX 6.3 0.72 Pentode Unit as Class A 

Amplifier 
• Industrial type 



CHARACTERISTICS CHART 

Plate 

Volts 

2~ 
250 

250 

250 

Grid Bias 
or 

Cathode 
Resistor 

-12.5V 
-12.5V 

- 2V 

180n 

Screen 
Grid 

Screen Cur-
Grid rent 

Volts mA 

250 4.5 

150 2.8 

Plate 
Cur-
rent 

mA 

49.5 
45 

1.8 

9.5 

545 

Power 
AC Plate Trans- Amplifi- RCA 
Resist- conduct- cation Out-

ance anee Factor Load put Type 

Ohms Micromhos Ohms Watts 

1960 5000 9.8 (Triode Connected) 6CM6 50000 4100 5000 8 
50000 2000 100 

600000 6200 6CMB 

Max. Peak Inverse Plate Volts, 5500 Max. DC Plate mA, 190 Max. Peak Heater {+300 6CQ4 
Max. Peak Plate mA, 1200 Max. Plate Dissipation, 6.5 watts Cathode Volts: -5500 

250 -2V 100 2.6 9.6 800000 2200 6CR6 
Max. Peak Inverse Plate Volts, 5000 Max. Plate Dissipaation, 6.5 Watts 

Max. Peak Plate mA, 1200 Max. Peak Heater-Cathode Volts: {+-5300000 6Cn 
Max. Average Plate mA, 250 

~1~25~-----~1----~~--~~--~17~~4~1O~0~~58~00~---2~4~--------------_ 6CUB 
~1~2~5~~~5~6Q~~-=~1=25~ __ ~3.=8 __ ~1=2 __ ~1~70~0=00~~7~800~~~ __ ~~~ __ ~~ ________ _ 

Max. DC Plate Volts, 275 Max. Peak Positive-Pulse Plate Volts, 2200 6CW5 
Max. DC Cathode mA, llO Max. Plate Dissipation, 12 watts 

450 

250 

125 

Max. Peak 
Max. Peak 

200 

250 

200 

160 

200 
250 

- 3V 

-IV 

For other characteristics, refer to Type 6U7G 

For other characteristics, refer to Type 6J7 

Anode-Grid (2): 250 max. volts, 4 mA 
100 2.7 3.5 360000 Oscillator-Grid (I) ReSIStor. Conversion 

Transcond., 550 micromhos. 

4.2 13600 4200 57 

Inverse Plate Volts, 4400 Max. DC Plate mA 155 Max. Peak Heater f +300 
Plate mA, 900 

180n 

- 2V 

-1.5V 

lOon 

2300 
3200 

Max. Plate Dissipation, 5.5 watts Cathode 

125 2.2 46 28000 8000 

100 2.7 9 1M 3800 

100 3.3 II 600000 4500 

For other characteristics, refer to Type 6DE4(6CQ4 

200 
250 

4.2 
4.5 

12.5 

23 
24 

13500 65 

Volts: 

4000 

8000 
10000 

-4400 

3.8 

2.3 
3 

Max. Peak Inverse Plate Volts, 5000 Max. Peak Plate mA, llOO Max. DC Plate mA, 175 
Max. Peak Heater-Cathode Volts, -5000 (DC Component Not to Exceed 900 Volts) 
Max. Peak Heater-Cathode Volts, +300 (DC Component Not to Exceed 100 Volts) 

6D6 
6D7 

6DBG 

6010 
6DM 
6DB5 
6DCB 

6DCB/ 
EBFB9 
6DE4 
60L4/ 
ECB8 

6DL5 
60L5/ 
EL95 
6DM4 
6DM4A 

Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6600(llbsT-- 60N6 
Max. DC Cathode mA, 200 Max. Plate Dissipation, 15 watts 
Max. Peak Inverse Volts, 5500 Max. DC Plate mA, 175 6004 
Max. Peak Plate mA, 1000 Max. Plate Dissipation, 6 walts 
Max. DC Plate Volts, 770 --Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.)" 6D06A 
Max. DC Cathode mA, 155 (6DQ6A) Max. Plate Dissipation, 18 watts 6D06B 
Max. DC. Cathode mA, 175 (6DQ6B) 

150 . 5600 100 2.1 1.1 

~~~: ~~~~ ~~~i!S~:'"ltjOl¥olts, 5000 
Max. DC Plate mA, 250 

Max. Peak Inverse Plate Volts, 5500 
Max. Peak Plate mA, 1300 

Max. Average Plate mA, 250 
Max. DC Plate Volts, 330 
Max. DC Cathode mA, 65 

150000 515 

Max. Plate Dissipation, 8.5 

Max. Peak Heater-Cathode Volts: { - 5000 
+ 300 

Max. Plate Dissipation, 8.5 Watts 

Max. Peak Heater-Cathode Volts: {+~~~O 
Max. Peak Positive-Pulse Plate Volts, 2200 
Max. Plate Dissipation, 11 walts 

200 - 1.7V 3 4000 65 

6DT6 

6DW4 

6DW4A 

6DW5 

170 - 2.1V 
200 - 2.9V 

170 
200 
220 

3 18 100000 11000 
3-----18--1~1~04~00~------------------- 6DXB 

220 - 3.4V 3 18 150000 10000 



546 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right 51ve operat-

Name Out- Dla- Heater or infi conditions an character-
Typ. nl. gram Filament (F) is ics for Indicated typical use 

Volts Amperes 

6DZ7 
Class A Amplifier 

Twin Power Pentode 19B alP 6.3 1.52 Both Units as Push-Pull 
Class AB1 Amplifier 

6E6 Twin Power Amplifier 26 7B 6.3 0.6 Push-Pull Class A Amplifier 
6E7 Remote-Cutoff Pentode 24A 7H 6.3 0.3 Amplifier 

6EM High-Mu Triode 16D 12FA 6.3 0.2 Shunt Voltage Regulator 

6EA5 Sharp-Cutoff Tetrode 5C 7EW 6.3 0.2 Class A Amplifier 

6EA7 Dual Triode 13B aBD 6.3 1.05 
Vertical Deflection Oscillator 
Vertical Deflection Amplifier 

6EC4A/ Half-Wave Vacuum Rectifier 35C 6EC4 6.3 U Television Damper Service moo 
6EH4 Beam Triode 16E 12FA 6.3 0_2 Shunt Regulator 

6EH7 Semiremote-Cutoff Pentode 6C BAQ 6.3 0.3 Class A Amplifier 

6EHB Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
Pentode 6B gIG 6.3 0.45 Pentode Unit as Class A 

Amplifier 

*6E14A Beam Triode 16G 12HC 6.3 0.2 Voltage Control 

6El7 Sharp-Cutoff Pentode 6C BAQ 6.3 0.3 Class A Amplifier 

6El4 Beam Triode 210 aMW 6.3 0.2 Shunt Voltage Regu'lator 6El4A 
6EM7 Dual Triode 13A BBD 6.3 0.925 Class A Amplifier 

6EQ7 Diode-Remote-Cutoff Pentode 6E 9lQ 6.3 0.3 Pentode Unit as Class A Amplifier 

BES5 High-Mu Triode 5C 7FP 6.3 0.2 Class A Amplifier 

6ES8 Variable-Mu Twin Triode 6B 9Al 6.3 0.365 
Each Unit as Class A Amplifier 

Cascode-Type Amplifier 

6ET7 Twin Diode- 6E 9lT 6.3 0.75 Pentode Unit as Class A Amplifier Sharp-Cutoff Pentode 

6EDB Medium-Mu Triode- 6B 9lF 6.3 0.45 Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

6EV7 High-Mu Twin Triode 6E 9lP 6.3 0.6 Relay Control 

6EX6 Beam Power Tube 21B 5BT 6.3 2.25 Horizontal Deflection Amplifier 

6EY6 Beain Power Tube 13F 7AC 6.3 0.68 Vertical Deflection Amplifier 

GEZ5 Beam Power Tube 13F 7AC 6.3 0.8 Vertical Deflection Amplifier 

6EZ8 liigh-Mu Triple Triode 6B SKA 6.3 0.45 Each Unit as Class A Amplifier 

6F48 Triede acorn 7BR 6.3 0.225 AF, RF Amflifier 
and Oscil atar 

6F5 High-Mu Triode 3 5M 6.3 0.3 Class A Amplifier 6F5GT 14A 5M 

6F6 2B 7S 
Pentode Class A Amplifier 

6F6G Power Pentode 25 7S 6.3 0.7 Triodeo Class A Amplifier 
6F6GT 13F 7S Pentode Push-Pull Class A 

Amplifier 

low-Mu Triode-Remote-Cutoff 
Triode Unit as Class A Amplifier 

6F7 Pentode 24B 7E 6.3 0.3 Pentode Unit as Class A 
Amplifier 

6FBG Medium-Mu Twin Triode 23 aG 6.3 0.6 Each Unit as Class A Amplifier 

6FA7 Diode-Shart.cutoff, 
Twin-Plate etrode 6E 9MR 6.3 0.3 Tetrode Unit as Class A Amplifier 

6FE5 Beam Power Tube 13G aKB 6.3 1.2 Class A Amplifier 

• Industrial type * See Safety Precautions at end of this section • 



CHARACTERISTICS CHART 

Plate 

Volts 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen Cur-
Grid rent 

Volts mA 

Plate 
Cur-
rent 

mA 

547 

Power 
AC Plate Trans- Ampli!i- RCA 
Resist- conduct- cation Out-
ance ance Factor Load put Type 

Ohms Micromhns Ohms Watts 

250 
400 
300 

38000 11300 - 7.3Y 250 5.5 48 
-l1V -";2~50'--~1~3=--~1~00 9000 18 SOZl 

250 
1200 250 15 80 9000 12 

-27.5c-Y--='---=---"'-------------1"'40:.::.0"-0---1.6=0'--t--S"'E"'S-

For other characteristics, refer to Type 6U7G 
Max. DC Plate Yolts, 27000 Max. Plate Dissipation, 30 watts 
Max. Unregulated DC Plate Supply Volts, 60000 Max. DC Plate mA, 1.6 

250 - IV 140 0.95 10 150000 8000 
250 -3 30000 2200 66 
175 -25 40 920 6000 5.5 -----

Max. Peak Inverse Plate Volts, 5600 Max. Plate Dissipation, 11 watts Max. Peak Plate mA, 800 Max. Peak Heater-Cathode Volts, -6300 Max. DC Plate mA, 440 
Max. Plate Volts, 27000 Max. Peak Grid Volts, -440 Max. Plate Dissipation, 30 watts Max. DC Grid Volts, -135 ._~.1_X. DC Plate mA, 1.6 

200 - 2V 90 4.5 12 500000 12500 
125 - IV 13.5 7500 40 

125 - IV 125 12 170000 6000 
--_.-

Max. DC Plate mA, 1.5 Max. DC Plate Volts, 27000 
Typical Unregulated DC Supply Volts, 36000 Max. Plate Dissipation, 40 watts 

200 - 2.5V 200 4.1 10 350000 15000 

For other characteristics, refer to Type 6U6 

For other characteristics, refer to Type 6EM7/6EA7 

100 0 100 3.5 9 250000 3800 (Rg = 2.2 megohms bypassed) 

200 -1 10 8000 9000 75 

90 - 1.2V 15 2500 12500 
180 15 12500 
200 1000 150 5.5 25 60000 11500 
60 OV 150 18 55 (Instantaneous plate knee characteristics) 

150 560 18 5000 8500 40 
125 -IV 125 4 12 80000 6400 

250"- OV 18.5 Grid Volts for Plate /LA 100 = -9 2500·ohm 
150 OV 10.0 Grid Volts for Plate /LA 100 = -5 relay 
175 -30V 175 3.3 67 8500 7700 

250 -17.5V 250 44 60000 4400 

250 -20V 250 3.5 43 50000 4100 

125 -1 4.2 13600 4200 57 

80 15011 13 2900 5800 17 

100 - IV 0.4 85000 1150 100 
250 - 2V 0.9 66000 1500 100 

250 -16.5V 250 6.5 34.0 80000 2500 7000 3.2 
285 -20V 285 7.0 38.0 78000 2550 7000 4.8 
250 -20V 31.0 2600 2600 6.8 4000 0.85 

315 -24V 285 12.00 62.00 10000 11.0t 

100 - 3Y 3.5 16000 500 8 

250 - 3V 100 1.5 6.5 850000 1100 

SE7 
6EM 
6EAS 

6EA7 

6EC4A/ 
EY500 

6EH4 
6EH7 

6EH8 

6EJ4A 

6E17 
6EL4 

6EL4A 
6EM7 

6EQ7 
6ES5 

6ES8 

6ET7 

6EUB 

6EV7 

6EX6 
6EY6 

6El5 
6El8 

6F4+ 

6F5 
6FSGT 

6F6 
6F6G 

6F6GT 

6F7 

For other characteristics, refer to Type 6J5 6F8G 
100 a 100 3 2.2 130000 1900(With 2.2 megohm No.1 grid reSistor) 6FA7 

Use either plate with unused plate grounded 

145 -16V 145 18 100 8000 9500 1000 5.6 SFES 

t For two tubes at stated plate-to-plate load. o For two tubes. 



548 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat· 

Name Out- Di. Heater or ing conditions and character· 
Type 118' gram Filament (F) Istics for indicated typical use 

Volts Amperes 

6FG6/ Refer to type EM84/6FG6 ·EM84 
6FJ7 Medium-Mu Dual Triode 8B 12BM 6.3 0.9 Unit No.1 as Class A Amplifier 

Unit No.2 as Class A Amplifier 

6FMB TWin Diode- 6B 9KR 6.3 0.45 Triode Unit as Class A Amplifier Higll-Mu Triode 

6FQ5A Higb·Mu Triode 5C 7FP 6.3 0.18 Class A Amplifier 

6FQ7 Medium-Mu Twin Triode 6E 9lP 6.3 0.6 Each Unit as Class A Amplifier 

6FV6 Sbarp-Cutoff Tetrode 5C 7FQ 6.3 0.2 Class A Amplifier 

Medlum-Mu Trlade-Sbarp-Cutoff 
Triode Unit as Class A Amplifier 

6FV8 68 9FA 6.3 0.45 Pentode Unit as Class A Pentode Amplifier 

Medlum-Mu Triode 
Triode Unit as Class A Amolifier 

6FV8A Sbarp-Cutoff Pentode 6B 9FA 6.3 0.45 Pentode Unit 
as Class A Amplifier 

6FW5 Beam Power Tube 198 6CK 6.3 1.2 Horizontal Deflection Amplifier 

6FW8 Medlum-Mu Twin Triode 68 SAJ 6.3 0.4 Each Unit as Class A Amplifier 

6FY5/ Higb-Mu Triode 51:. 7FP 6.3 0.2 Class A Amplifier EC97 
6G6G Power Pentode 22 7S 6.3 0.15 Pentode Class A Amplifier 

Beam Power Unit as Class A 

6Gl1 Beam Power Tube-Sbarp-Cutoff 8B 12BU 6.3 1.2 
Amplifier 

Pentode Pentode Unit as Class A 
Amplifier 

6GB5 Beam Power Tube 10E 9NH 6.3 1.38 Horizontal Defiection Amplifier 

6GF5 Beam Power Tube 80 12B) 6.3 1.2 Horizontal Deflection Amplifier 

6GF7 Dual Triode 11A 9QD 6.3 0.985 
Vertical Deflection Oscillator 
Vertical Deflection Amplifier 

Medium-Mu Trlode-Sbarp-Cutoff 
Triode Unit as Horiz. Deft Osc. 

6GH8 Pentode 6B 9AE 6.3 0.45 Pentode Unit as 
Horiz. Defl. Osc. 

6GJ5 Novar Beam Power Tube 18A 9QK 6.3 1.2 Horizontal Oeflection Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

6GJ7 Sbarp-Cutoff Pentode 6J 9QA 6.3 0.41 Pentode Unit as Class A 
Amplifier 

Medium-Mu Trlode-Sbarp-Cutoff 
Triode Unit as Class A Amplifier 

6GJ8 Pentode 6B 9AE 6.3 0.6 Pentode Unit as Class A 
Amplifier 

6GL7 Dual-Triode 13B 8BD 6.3 1.05 Unit 1 as Class A Amplifier 
Unit 2 as Class A Amplifier 

6GM5 Power Pentode 100 9MQ 6.3 0.8 Class A Amplifier 

6007 Triple Diode 6B 9QM 6.3 0.45 Each Unit as Half-Wave Rectifier 

6GT5 Beam Power Tube 17B 9NZ 6.3 1.2 Horizontal Deflection Amplifier 

.6GU5 Beam Hexad, 5C 7GA 6.3 0.22 Class A Amplifier 

Higll-Mu Triode-
Triode Unit as Class A Amplifier 

6GV8 Power Pentode 6G SLY 6.3 0.9 -Pentode Unit as C~ 
Amplifier 

6GW6 Beam Power Tube 20A 6AM 6.3 1.2 Horizontal Deflection Amplifier 

6GX6 Sbarp-Cutoff Pentode 5C 7EN 6.3 0.45 Class A Amplifier 



CHARACTERISTICS CHART 

Plate 

Volts 

250 
250 

250 

135 

250 

125 
125 

125 

125 

125 

100 

135 

1BO 

120 

150 

Grid Bias 
or 

Cathode 
Resistor 

-B 
-9.5 

-3 

-1.2 

- BV 

-1 
- IV 

Screen 
Grid 

Volts 

BO 

Screen 
Grid 
Cur
rent 

mA 

1.5 

-IV 125 4 

-1 

-1 125 4 

Max. DC Plate Volts, 770 
Max. DC Cathode rnA, 610 

1.2V 

-IV 

- 9V 1BO 

- BV 110 

1500 150 

2.5 

4 

3.5 

Plate AC Plate Trans
conduct

ance 
Cur- Resist-
rent ance 

mA Ohms Micromhos 

8 
41 

B.9 

10 
14 

12 

12 

12 

BOOO 2500 
2000 7700 

5BOOO 1200 

6300 12000 

7700 2600 

100000 BODO 
5000 BOOO 

200000 6500 

5600 8000 

20000 6500 

Amplifi
cation 
Factor 

22.5 
15.4 

70 

74 

20 

40 

45 

Power 

Load 

Ohms 

Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation, 18 watts 

15 2500 13000 33 

11 13000 70 

15.0 175000 2300 10000 

49 10000 7500 2500 

15 20000 9500 

Out
put 

Watts 

1.1 

2.3 

549 

RCA 

Type 

6FG6/ 
EMB4 

6FJ7 

6FMB 
6FQ5A 
6FQ7 

6FV6 

6FV8 

6FV8A 

6FW5 

6FW8 
6FY5/ 
EC97 

6G6G 

6Gll 

Max. DC Plate Volts, 275 Max. Peak Positive-Pulse Plate Volts, 7700 6GB5 
Max. DC Cathode rnA, 275 Max. Plate Dissipation, 17 watts 

--~M~a=x~.~DC~p~la~te~v~0+'lt~s,~7~7~0~--------------~M~ax~.~p~e7.ak~po~s~itFiv~e-~Pu~ls~e~pi.l~at~e~V~0~lts~,·5~00'"0~-----6GF5 
Max. DC Cathode rnA, 160 Max. Plate Dissipation, 9 watts 
Max. DC Plate Volts, 330 Max. Plate Dissipation, 1.5 watts 
Max. DC Cathode mA, 22 
Max. DC Plate V""0.;;:lt"'S,'-.3"'30;.----------------M;-;-::"ax,.... "'P"'ea7k-;P;::0:-;siT-tiv:-:-:e--'-pO:-u-'-:ls-::-e,-P"'I-:Cat"'e""V~0;-;:lts::-,--;1"'5O'"O'-C'"A"'bs".)c-
Max. DC Cathode rnA, 50 Max. Plate Dissipation, 11 watts 

6GF7 

Max. DC Plate Volts, 330 Max. Plate Dissipation, 2.5 watts 
6GH8 Max. DC Plate Volts, 350 Max. Peak Cathode rnA. 300 Max. Plate 

Max. Peak Neg.-Pulse Grid Volts, 175 Max. DC Cathode rnA, 20 Dissipation, 2.5 walts 
250 -22.5V 150 2.1 70 15000 7100 6GJ5 
100 - 3V 15 9000 20 

170 - 1.2V 120 3 10 350000 11000 Amp!. Factor, 55 
(Grid No.2 to Grid NO.1) 

6GJ7 
125 

6GJ8 
-IV 13.5 5000 B500 40 

125 -IV 125 4.5 12 150000 7500 

250 3V 
175 -25V 
300 -10V 300 8 

2 30000 2200 
46 7BO 6400 

60 29000 10200 

66 
5 

3000 

6Gl7 
-1-1 ----C.6=GM5 

Max. Peak Inverse Volts, 330 
Max. RMS Plate Volts, 117 
Max. Peak Plate rnA, 54 

Max. DC Plate Volts, 770 
Max. DC Cathode rnA, 175 
Max. Plate Dissipation, 17.5 watts 

135 -DAV 
100 - O.BV 

170 -15 170 2.7 

250 22.5V 150 2.1 
150 1800 100 3 

9 
5 

41 

70 
3.7 

Max. DC Average rnA, 9 
Min. Total Effective Plate 

Supply Impedance, 300 ohms 
Max. Peak Neg.-Pulse Grid-No. 1 Volts, -- 330 
Max. Grid-No.2 Volts, 220 
Max. Peak Positive-Pulse Plate Volts, 6500 

67000 15000 
7600 6500 50 

25000 7500 

15000 7100 
140000 3700 (Grid No.1 to plate) 

6GQ7 

6GT5 

6GU5 

6GV8 

6GW6 
6GX6 



550 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Oia- Heater or ing conditions and character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

Unit No. 1 as 
6GY8 High-Mu Triple Triode 6B 9MB 6.3 0.45 Class A Amplifier 

Units No.2 and No.3 as 
Class A Amplifier 

6GZ5 Power Pentode 5C 7CV 6.3 0.38 Class A Amplifier 

6H& 298 7Q 
Voltage Doubler 

6H6GT Twin Diode 6.3 0.3 130 7Q Half-Wave Rectifier 

6HB6 
6H86/ Power Pentode 6G 9NW 6.3 0.76 Vertical Deflection Amplifier 
GHAG 

Medium-Mu Triode-
T;iode Unit as Class A Amplifier 

6HD7 Sharp-Cutoff Pentode 68 9QA 6.3 0.45 Pentode Unit as Class A 
Amplifier 

GHG5 Beam Power Tube 50 7BZ 6.3 0.45 Class A Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

6HG8 Sharp-Cutoff Pentode 68 9MP 6.3 0.34 Pentode Unit as Class A 
Amplifier 

6HJ5 Beam Power Tube 15C 12FL 6.3 2.25 Horizontal Deflection Amplifier 

6HI8 Oiode-Sharp-Cutoff Pentode 68 9CY 6.3 0.45 pentode Unit as Class A Amplifier 

6HK5 High-Mu Triode 5C .7GM 6.3 0.19 Class A Amplifier 

6HM6 Sharp-Cutoff Pentode &B 9PM 6.3 0.3 Class A Amplifier 

6HR5 Beam Power Tube 50 7BZ 6.3 0.45 Vertical-Deflection Amplifier 

6HR6 Semiremote-Cutoff Pentode 5C 7BK 6.3 0.45 Class A Amplifier 

6HU6/ Electron-Ray Tube 6N SGA 6.3 0.3 Tuning Indicator EM87 
6HU8/ Twin Pentode 6G 9NJ 6.3 0.55 Power Amplifier ELL80 
6HV5 Beam Triode 15E f2GY 6.3 1.8 Class A Amplifier 

6HZ5/ 8eam Triode 15F 12GY 6.3 2.4 High Voltage Pulse Regulator 6ID5 
High-Mu Triode-

Triode Unit as Class A Amplifier 
6HZ8 Sharp-Cutoff Pentode lOG 90X 6.3 1.125 Pentode Unit 

as Class A Amplifier 
614+ Triode 5C 7BQ 6.3 0.4 UHF Amplifier 614WAt 
615 Medium·Mu Triode 2A 6Q 6.3 0.3 Class A Amplifier 615GT 130 6Q 

616 
6.3 0.45 

Each Unit as Class A Amplifier 
616WA· Medium-Mu Twin Triode 5C 7BF 6.3 0.45 Push-Pull Class C Amplifier 616WB· 

617 3 7R 
617G Sharp-Cutoff Pentode 23 7R 6.3 0.3 Pentode Class A RF Amplifier 

617GT 14A 7R 

618G Triode-Heptode Converter 23 8H 6.3 0.3 
Triode Unit as Oscillator 

Heptode Unit as Mixer 

619 High-Mu Triple Triode 6B lOG 6.3 0.45 Each Unit as Class A Amplifier 

,6nO Pentode-Beam Power Tube 8B 12BT 6.3 0.95 Pentode Units as 
Class A Amplifier 

6111 Sharp-Cutoff Twin Pentode 8A 12BW 6.3 0.8 Each Unit as 
Class A Amplifier 

• Industrial type 
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Grid Bias Screen Power 
or Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation out-
Plate Resistor Grid rent rent ance ance Factor Load put Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 

125 22011 4.5 l4000 4500 63 6GYB 125 -IV 4.5 14000 4500 63 

250 270n 250 2.7 16 15000 1.8 6GZ5 250 270n 250 2.7 16 150000 8400 15000 1.1 
(bypassed) 

~:ACSU[PiYVOlts- per Pl3te-[RMS), ui Max. DC Output rnA, 8. min. 
Mm. Total flect. Plate-Supply Imped. per Plate: half-wave, 30 ohms; full wave, 15 ohms 6H& 
Max. AC Plate Volts (RMS).TSO -_. Min. Total Effective Plate-Supply Impedance: up 6H6GT 
Max. DC Output rnA, 8 per Plate to U7 volts, 15 ohms; at 150 volts, 40 ohms 

250 330 125 4.2 40 28000 24000 6HS6 
250 lOOn 250 6.2 40 24000 20000 33 6HB&/ 

&HA& 
100 -OV 14 4880 8200 40 6HD7 125 -IV 12j 3.5 12 7000 

250 -12.5V 250 4.5 45 52000 4100 5000 4.5 6HG5 180 -8.5V 180 3 29 58000 3700 5500 2 
loo----3V 14 5500 17 

"-~-----

6HG8 
170 - 1.2V 150 3.3 10 350000 12000 

135 -22 135 5.5 80 5000 10000 4.2 6HJ5 
125 5612 125 3.6 11.5 200000 9300 6HIB 
135 -IV 12.5 5000 15000 75 6HK5 
125 5612 125 3.2 13 156000 15000 6HM& 
260 -19V 270 2.3 30 3600 6HR5 50 OV 250 25 105 
200 6812 115 4.3 13.2 500000 8500 6HR6 

Triode Plate and Fluorescent-Target Volts = 250 Shadow Section = 0 to 0.83 inch &HU6/ 
Triode Grid-Supply Volts = -10 to +15 EMB7 

250 16012 250 4.5 24 80000 6000 10000 6HUB/ 
ELLBO 

For other ch3ra:teristics, refer to Type 6HS5 6HV5 
Max. Pulse Plate Volts, 5500 Max. Plate Dissipation, 35 walts 6HZ57 
Max. Peak Plate rnA, 325 Max. Peak Heater-Cathode Volts, +200, -450 6105 

200 3.5 4000 70 

250 100 170 29 140000 12600 6HZ8 

150 10012 15 4500 12000 55 614· 
6J4WA· 

90 OV 10 6700 3000 20 &15 
250 - 8V 9 7700 2600 20 &15S1 
100 500 (For both units) 8.5 7100 5300 38 6J6 
150 -10V 30 

-!irld-cii"iriril,"WmA-- -
3.5 61&WA· 

Driving Power, 0.35 watt 6!6WS· -----_._---
617 

100 - 3V 100 0.5 2.0 1M 1185 6J7G 250 - 3V 100 0.5 2.0 1M 1225 
6J7GT -------

100 Triode-Grid Resistor, 
250 50000 ohms 6J8G 
250 - 3V 100 2.8 1.4 1.5 M Conversion Transcond., 290 micromhos 
125 -IV 6 11000 5200 57 6J9 
250 -8V 250 2.5 35 100000 6500 5000 4.2 6110 
125 5612 125 3.8 11 200000 13000 6Jll 



552 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

&JA5 Beam Power Tube 150 12EY 6.3 loG Vertical Deflection Amplifier 

61B6 Beam Pawrr Tube 18A 9QL 6.3 1.2 Horizontal Deflection Amplifier 

6lC6 Sharp-Cutoff Pentade 68 9PM 6.3 0.3 Class A Amplifier 
-ME6 Beam Power Tube 320 9QL 6.3 2.5 Horizontal Deflection Amplifier 

61E6A Beam Power Tube 32B 9QL 6.3 2.5 Horizontal Deflection Amplifier 

6JEB High-Mu Triode 
Sharp-Cutoff Pentode 6E 9DX 6.3 0.78 Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

61G6 Beam Power Tube 178 9QU 6.3 1.6 Horizontal Deflection Amplifier 
-

6JK6 Sharp-Cutoff Pentode 5C 7CM 6.3 0.35 Class A Amplifier 

6JK8 Dual Triode 6B 9Al 6.3 0.4 Unit No. 1 as Oscillator 
Unit No.2 as RF Amplifier 

61M6 Beam Power Tube 39A 12FJ 6.3 1.2 Horizontal Deflection Amplifier 

61S6 Beam Power Tube 16B 12FY 6.3 2.25 Horizontal Deflection Amplifier 

6lS6A Beam Power Tube l&B 12FY 6.3 2.25 Horizontal Deflection Amplifier 
-!fiT6 Beam POWEr Tube 17C 9QU 6.3 1.2 Horizontal Deflection Amplifier 

61U8 Quadruple Dio~e IE 9PQ 6.3 0.6 Phase Detector 

6JZ6 Beam Power Tube 39A 12GD 6.3 1.5 Horizontal Deflection Amplifier 

6K5GT High-Mu Triode 14A 5U 6.3 0.3 Class A Amplifier 

6Kl 3 7R 
6K7G Remote-Cutoff Pentade 23 7R 6.3 0.3 Class A Amplifier 

6K7GT 14A 7R 

6KB 3 8K Triode Unit as Oscillator 

6K8G Triode-Hexode Converter 23 8K 6.3 0.3 Hexode Unit as Mixer 6K8GT 8K 

6KU Twin Hlgh-Mu Triode- Twin Unit as Class A Amplifier 
6Kll/ Medium-Mu Triode SA 12BY 6.3 0.6 Class A Amplifier 
6011 
6KU Diode-Sharp-Cutoff Pentode 6E 9lQ 6.3 0.3 Pentode Unit as Class A 

Amplifier 
-6KNB/ Medlum-Mu Twin Triode 6B 9Al 6.3 0.4 Each Triode as Class A Amplifier 
6RHH8 

6KU8 Twin Diode- lOA 9lT 6.3 0.725 Pentode Unit as 
S:la, p-Cutoff Pentode Class A Amplifier 

6KV6 Beam Power Tube 31D 9QU 6.3 1.6 High-Voltage-Pulse 
Shunt Regulator 

6KY6 Sharp-Cutoff Pentode 6E 9GK 6.3 0.52 Class A Amplifier 

High-Mu Triode Triode Unit as Oscillator 
6KY8 11C 9QT 6.3 1.1 Beam Power Tube Beam Power Unit as Amplifier 

6L5G Medium-Mu Triode 22 6Q 6.3 0.15 Class A Amplifier 

Single-Tube Class A Amplifier 

6L6G Beam Power Tube 27B 7AC 6.3 0.9 Push-Pull Class A Amplifier 6L6GB 190 7AC 

Push-Pull Class AB! Amplifier 

'6l7 Pentagrid Mixer 3 7T 6.3 0.3 Mixer Service 6L7G 73 1T 



CHARACTERISTICS LiHAKT 

Power 

Out-
Plate 

Volts 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur
rent 

Plate 
Cur
rent 

AC Plate 
Resist
ance 

Trans
conduct

ance 

Amplifi
cation 
Factor Load put 

135 
45 

-10V 
OV 

Volts 

125 
125 

mA 

4.2 
20 

mA 

95 
210 

Ohms Micromhos Ohms 

42(}J0 10300 
Instantaneous Plate Knee characteristic 
Max. Peak Neg.-Pulse Grid-No. 1 Volts, 
Max. Grid-No.2 Volts, 220 

Watts 

330 Max. DC Plate Volts, 770 
Max_ Peak Cathode mA, 550 
Max. Plate Dissipation. 17.5 watts Max. Peak Positive-Pulse Plate Volts. 6500 

125 560 125 3.2 13 0.18 15000 

For other characteristics, refer to Type 6JE6A 

175 -25 125 2.8 130 5800 9600 

~O -2~V ____ ~=-~~ __ ~4.~5 __ ~~~~4~2~00~ __ ~7~0 ______________ __ 
-250-----820 170 4 22 140000 12000 
-60 OV 170 12 48 Instantaneous Plate Knee characteristic 

125 680 
100 
135 

175 

175 

-IV 
-1.2V 

-25V 

-25 

For other characteristics, refer to Type 6JG6A 

125 3.9 11.5 150000 18000 
5.3 
10 

8000 
5400 

6800 
13000 

For other ratings, refer to Type 6JB6 

125 4.5 125 5600 11300 

125 4.5 125 5600 11300 

For other ratings, refer to Type 6JB6 

55 
70 

uut> 

RCA 

Type 

6JA5 

61B6 

61C6 
6JE6 
61E6A 

6JEB 

61G6 
6JK6 

61K8 
61M6 
61S6 

61S6A 
6JT6 

Max. Peak Inverse Plate Volts, 300 Max. DC Output mA, 9 61U8 
Max. Peak Plate:---",-mA~,,-,5~4...,-;;;;-----:,.-;c-__ ---;-;;--_-=;;;-M=ax~. Peak Heater-Cathode Volts, ± 300 

l3O-----20V 130 1.8 46 9900 9000 6JZ6 
50 OV 130 29 450'--==-=-I;-n"";st-an-it:':'an::":e'-ou-s"";p""la"""'t-e 7.K'-ne-e-c"""'h-ar-a"""'ct"'er""7is"""'t"""ic---

250 - 3V 1.1 50000 1400 70 6K5GT 

250 

100 

100 
250 

- 3V 125 2.6 

Grid Res., 50000 ohms 

- 3V 100 6.2 
- 3V 100 6.0 

10.5 600000 1650 

3.8 Triode-Grid & Hexode-Grid Current, 0.15 mA 

2.3 400000 Conversion Transcond., 325 micromhos 
2.5 600000 Conversion Transcond., 350 micromhos 

6K7 
6K7G 

6K7GT 
6KB 

6K8G 
6K8GT 
6KU 

~25~0 ___ -~2V",, ______ ---;-;:1;.:;.2c--_..:;6",,25~00i----;;.16~0iC-0 _--..:;10c;;.0 _________ 6Kll! 
250 - 8.5V 10.5 7700 2200 17 6Qll 

100 100 2.2 5.5 555000 4300 Grid-No.1 Volts for plate cur- 6KLB 
rent of 10 /LA, 4.2 

110 -IV 16 2800 16000 45 

For other characteristics, refer to Type 10KU8 

For other characteristics, refer to Type 6KV6A 

200 -18V 135 5.2 30 40000 30000 
Max. DC Plate Volts, 330 Max. Plate Dissipation, 1.5 watts 
Max. DC Cathode mA, 22 
Max. DC Plate Volts, 30:::-0------~M-;-a-x."""'p;:-e-a;-k "'P-os"'it7iv-e-=-p'-ul'-s-e "'p""la"""te"""'VC7"""Colts , 2200 (Abs.) 
Max. DC Cathode mA, 60 Max. Plate Dissipation, 12 watts 

250 - 9V 8.0 9000 1900 17 
250 
250 
270 
270 
360 
360 

250 

-14V 
1680 

17.5V 
12400 

-22.5V 
24800 

- 6V 

250 
250 
270 
270 
270 
270 

150 

5.0 
5.4 

11.00 
11.00 
5.00 
5.00 

9.2 

72.0 
75.0 

134.00 
134.00 
88.00 
88.00 

2.3 

t For two tubes at stated plate-to-plate load. 

2500 
2500 
5000 
5000 
6600 
9000 

Oscillator-Grid (No.3) Bias, 15 volts 
Grid-No.3 Peak SWing, 16 volts minimum 
Conversion Transcond., 350 micromhos 

6.5 
6.5 

17.5t 
18.5t 
26.5t 
24.5t 

o For two 

6KNB/ 
6RHHB 
6KUB 
6KV6 
6KY6 

6KY8 

6L5G 

6L6G 
6L6GB 

6L7 
6L7G 

tubes. 



554 KlJA KECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or In~ conditions and character-
Type line gram Filament (F) istlcs for indicated typical use 

Volts Amperes 

6LBB Medium-Mu Triode Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode lOA SOX 6.3 0.725 

Pentode Unit as Class A Amplifier 

6lH6A Beam Triode 210 8Ml 6.3 0.2 Shunt Voltage Regulator 

6US Beam Triode 210 8MQ 6.3 0.2 Shunt Voltage Regulator 

6lQ6/ Beam Power Tube 32C 9Ql 6.3 2.5 Horizontal Deflection Amplifier 6lE6B 
6LZ6 Beam Power Tube 32C 9Ql 6.3 2.3 Horizontal Deflection Amplifier 

*6MA6 Beam Triode 210 8NP .6.3 0.2 Shunt Voltage Regulator 

6MK8 Shar .... Cutoff Pentode 6E 9FG 6.3 0.3 Class A Amplifier 

6ML8 Medium-Mu Triple 
Triode 6B 9RQ 6.3 0.675 Class A Amplifier 

6N6G Direct-Coupled Power Triode 25 7AU 6.3 0.8 Class A Amplifier 

6N7 Medium-Ma Twin Power Triode 2B 8B 6.3 0.8 Class A Amplifier (as Driver) 
6N7GT 130 8B Class B Amplifier 
6P5GT Medium-Mu Triode 130 6Q 6.3 0.3 Amplifier Detector 

6P7G low-Mu Triode-Remote-Cutoff 23 7U 6.3 0.3 Amplifier and Converter Pentode 
6Q7 3 7V 

6Q7G Twin Diode High-Mu Triode 23 7V 6.3 0.3 Triode Unit as Class A Amplifier 
6Q7GT 14A 7V 

6Q11 Twin High-Mu Trlode-
Medium-Mu Triode 8A 12BY 6.3 0.6 Twin Unit as Class A Amplifier 

Class A Amplifier 
6R7 , 3 7V 
6R7G Twin Diode-Medium-Mu Triode 23 7V 6.3 0.3 Triode Unit as Class A Amplifier 

6R7GT 14A 7V 

6RP22 Power Pentode 6E 9BV 6.3 0.65 Class A Amplifier 

6S4 Medium-Mu Triode 8E 9AC 6.3 0.6 Vertical Deflection Amplifier 6.3 0.6 
6S7 Remote-Cutoff Peatode 3 1R 6.3 0.15 Class A Amplifier 6S7G 23 7R 

6S8GT Triple Oiode-High-Mu Triode 14C 8CB 6.3 0.3 Triode Unit as Class A Amplifier 
6SA7 

Pentagrid Converter 2A 8R 6SA7GT 130 8AO 6.3 0.3 Converter 

6SB7Y Pentagrid Converter 2A 8R 6.3 0.3 Mixer 

6SC7 Hlgh-Mu Twin Triode 2A 8S 6.3 0.3 Each Unit as Amplifier 
6SF5 

High-Mu Triode 2A 6AB Class A Amplifier 6SF5GT 130 lAB 6.3 0.3 

6SF7 Diode-Remote-Cutoff Pentode 2A 7AZ 6.3 0.3 Pentode Unit as Class A 
Amplifier 

6SG7 Semiremote-Cutoff Pentode 2A 8BK 6.3 0.3 Class A Amplifier 

6SH7 Sharp-Cutoff Pentode 2A 8BK 6.3 0.3 Class A Amplifier 

6SJ7 
Sharp-Cutoff Pentode 2A 8N 6.3 Class A Amplifier 6Sl7GT 130 8N 0.3 

6SK7 Remote-Cutoff Pentode 2A 8N 6.3 0.3 Class A Amplifier 6SK7GT 130 8N 

6SN7GT 
130 6.3 0.6 Each Unit as Class A Amplifier 

6SN7 Me';um-Mu Twin Triade 130 8BD 
GTA 6.3 0.6 Each Unit as Vertical Amplifier 



CHARACTERISTICS CHART DOD 

Grid Bias Screen Power 
ar Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate Resistor Grid rent rent ance ance Factor Load put Typ!! 

Volts Volts rnA rnA Ohms Micromhos Ohms Watts 

125 680 13 6000 SOOO 30 
200 820 100 3.5 17 SOOO~OOOO 6LBB 
50 OV 100 18 55 Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6U6 6lH6A 
Max. Plate Volts, 27000 

Max. Unregulated Plate Supply Volts, 60000 
Max. Average Plate rnA, 1.6 

Max. Plate Dissipation, 40 Watts 6U6 

175 -35 145 2.4 95 7000 7500 2.8 
6l06/ 
6JE6B 

For other characteristics, refer to Type 31LZS 6lZ6 
Max. Plate Volts, 30000 Max. Average Plate rnA, 1.5 

Max. Plate Dissipation, 40 Watts 6MA6 
For other characteristics, refer to Type 6MK8A 6MK8 

125 -IV 11 6400 6700 43 &MLB 
Output Triode: Plate Volts, 300; Plate rnA, 45; Load, 7000 ohms 
Triode: Plate Volts, 300; Grid Volts, 0; Input Plate rnA, 8 4.0 6N6G 

250 - 5V 6.0 11300 3100 35 20000 exceeds 6N7 300 - 6V 7.0 11000 3200 35 or more 0.4 
300 OV Power Output for 1 tube at stated plate-to-plate load 8000 10.0 6N7GT 

2SO -13.5 5.0 9500 13.8 6P5GT 
For other characteristics, refer to Type 6F7 6P7G 

100 -IV 0.8 58000 1200 70 
6Q7 

250 - 3V 1.1 58000 1200 70 607G 
607GT 

250 - 2V 1.2 62500 1600 100 6011 150 OV 22 7000 2500 18 

6R7 
250 - 9V 9.5 8500 1900 16 6R7G 

6R7GT 
250 -3V 150 8.5 22 5S000 8500 6RP22 

Max. DC Plate Volts, 550 Max. Peak Positive-Pulse Plate Volts, 2200 6S4 Max. DC Cathode rnA, 30 Max. Plate Dissipation, 8.5 watts 

250 - 3V 100 2.0 8.5 1M 1750 6S7 
6S7G 

250 - 2V 0.9 91000 1100 100 6S8GT 
250 Self- 100 8.5 3.5 1.0 Grid-No.1 Resistor, 20000 ohms. -6SA7 

Excited Conversion Transcond., 450 micromhos 6SA7GT 
100 - IV 100 10.2 3.6 500000 Grid-No.1 Resistor, 20000 ohms. 

Conversion Transcond., 950 micromhos 6SB7Y 
250 - 2V 2.0 53000 1325 70 6SC7 

250 - 2V 0.9 66000 1500 100 6SF5 
6SF5GT 

100 - IV 100 3.4 12.0 200000 1975 6SF7 250 - IV 100 3.3 12.4 700000 2050 
100 - IV 100 3.2 8.2 250000 4100 6SG7 250 - 2.5V 150 3.4 9.2 1M 4000 
100 - IV 100 2.1 5.3 350000 4000 6SH7 250 - IV 150 4.1 10.8 900000 4900 

100 - 3V 100 0.9 2.9 700000 1575 6SJ7 
250 - 3V 100 0.8 3.0 1M 1650 6SJ7GT 
100 - IV 100 4.0 13.0 120000 2350 6SK7 
250 - 3V 100 2.6 9.2 800000 2000 6SK7GT 
100 OV 10.0 6700 3000 20 6SN7GT 250 - 8V 9.0 7700 2600 20 6SN7 Max. DC Plate Volts, 450 Max. Plate Dissipation: 5 watts either plate; 7.5 watts both plates 

Max. Peak Cathode rnA, 70 Max. Peak Positive Pulse Plate Volts, 1500 GTA 



556 RCA RECEIVING TUBE MANUAL 

RCA 
Use 

Terminal Values to right give operat-
Name Out- Ola- Heater ar ing conditions and character-Type line gram Filament IF) istics for Indicated typical use 

Volts Amperes 

1iSQ7 Twin-Oiode-Hlgh-Mu Triode 2A 8Q 6_3 0.3 Triode Unit as Class A Amplifier 6SQ7GT 130 8Q 

6SR7 Twin Olode-Medium-Mu Triode 2A 8Q 6.3 0.3 Triode Unit as Class A Amplifier 

6SS7 ,Remote-Cutoff Pentode 2A 8N 6.3 0.15 Class A Amplifier 

6ST7 Twin Oiode-Medium-Mu Triode 2A 8Q 6.3 0.15 Triode Unit as Amplifier 

6SZ7 Twin Dlode-Hlgb-Mu Triode 2A 8Q 6.3 0.15 Triode Unit as Class A Amplifier 

Oscillator in UHF TV Receivers 
6T4 Medium-Mu Triode 5D 70K 6.3 0.225 

Class A Amplifier 

6T7G Twin Diode-Higb-Mu Triode 22 7V 6.3 0.15 Triode Unit as Class A Amplifier 

6TS Triple Dlode-Higb-Mu Triode 6B 9E 6.3 0.45 Triode Unit as Class A Amplifier 6.3 0.45 
Triode Unit as 

6T9 Higb-Mu Triode- 8B 12FM 6.3 0.93 Class A Amplifier 
Power Pentode Pentode Unit as 

Class A, Amplifier 

6U5 Electron-Ray Tube 13H 6R 6.3 0.3 Visual Indicator 

6U7G Remote-Cutoff Pentode 281 7R 6.3 0.3 Class A Amplifier 

Mediu,m-Mu Trlode-Sbarp-Cutoff 
Triode Unit as Class A Amplifier 

6UB 6B 9AE 6.3 0.45 Pentode Unit as Class A Pentode Amplifier 

6U9/ Medium-Mu Triode 6B 10K 6.3 0.41 Triode Unit as Class A Amplifier 
ECF201 Sbarp-Cutoff Pentode Pentode Unit as Class A Amplifier 

6V3A Half Waye Rectifier 7B 9BO 6.3 1.75 Television Damper Service 

6V6GT Single-Tube Class A Amplifier 

6V6GTY Beam Power Tube 130 7AC 6.3 0.45 
Push-Pull Class ABl Amplifier 

6V7G Twin Diode-low-Mu Triode 23 7V 6.3 0.3 Triode Unit as Amplifier 

&W4GT Half-Waye Rectifier 13D 4CG 6.3 1.2 Television Damper Service 

6W7G ,Sharp-Cutoff Pentode 23 7R 6.3 0.15 Class A Amplifier 

6X4W· FUll-Wave Rectifier 50 5BS 6.3 0.6 With Capacitive-Input Fi'lter 
With Inductive-Input Filter 

6X5 Full-Waye Rectifier 2B 65 
With Capacitive-Inout Filter 

6.3 0.6 
With Inductive-Input Filter 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

6X8 Sbarp-Cutoff Pentode 6B 9AK 6.3 0.45 Pentode Unit as Class A 
Amplifier 

6Y5 Full-Wave Rectifier 22 or 61 6.3 0.8 With Capacitive-Input Filter 13H 
6Y7G High-Mu Twin Power Triode 22 8B 6.3 0,6 Class B Amplifier 

6Y9 Dual Penta de 6l 10L 6.3 0.8 
Unit No. 1 as Class A Amplifier 
Unit No.2 as Class A Amplifier 

6Z4 Refer to type 84/6Z4 

6Z5 Full-Wave Rectifier 22 6K 12.6 0.8 With Capacitive-Input Filter 6.3 0.4 
6Z7G High-Mu Twin Power Triode 22 8B 6.3 0.3 Class B Amplifier 

6Z10 ' Power Pentode 8C 12BT 6.3 0.95 Class A Amplifier Gated-Beam Discriminator 

6ZY5G Full-Wave Rectifier 22 65 6.3 0.3 With Capacitive-Input Filter 

• Industrial type 



CHARACTERISTICS CHART 

Plate 

Volts 

100 
250 

250 

250 

Grid Bias 
or 

Cathode 
Resistor 

-IV 
- 2V 

- 9V 

- 3V 

Screen 
Grid 

Volts 

100 

Screen 
Grid 
Cur
rent 

mA 

2.0 

Plate AC Plate 
Cur- Resist-
rent ance 

Trans
conduct

ance 

mA Ohms Micromhos 

0.5 110000 925 
1.1 85000 1175 

9.5 8500 1900 

9.0 1M 1850 

Amplifi
cation 
Factor 

100 
100 

16 

For other characteristics, refer to Type 6SR7 
100 
250 

-IV 
- 3V 

0.8 54000 1300 
1.0 53000 1200 

70 
70 

Load 

Ohms 

Max. DC Plate Volts, 200 Max. Grid rnA, 8 
Max. DC Cathode rnA, 30 Max. Plate Dissipation, 3.5 watts 

80 1500 18 7000 13 

Power 

Out
put 

Watts 

557 

RCA 

Type 

6S07 
6SQ7GT 

6SK7 
6SS7 

6ST? 
6SZ7 

6T4 

250 - 3V 1.2 62000 1050 65 6T7G 
~3~00~---4~5~M~0----------------~~G~ri~d~R~e~si~st~or-,~0~.5~M~0~---=~~G~ai~n-p~e~r~st~ag-e-,~4~0---

250 
250 

-2V 
-BV 250 2.5 

1.5 
35 

45000 
100000 

2100 
6500 5000 

Plate & Target Supply, 250 volts. Triode Plate Resistor, 1.0 MO Target Current, 4.0 rnA 
Grid Bias, -22 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.24 rnA 

250 - 3V 100 2.0 8.2 800000 1600 
125 - IV 13.5 7500 40 

125 - IV 110 3.5 9.5 200000 5000 

100 
160 

-flV 
-1.4V 110 5 

14 
13 

5000 17 
12000 

4.2 

Max. Peak Inverse Plate Volts, 6000 (Abs.) 

Max. Peak Plate mA, 800 

Max. Average Plate rnA, 135 
Max. Peak Heater-Cathode Volts: {+~~~ (Abs.) 

6T9 

6U5 
6U7G 

6U8 

6U9/ 
ECF201 

6V3A 

250 -12.5V 250 4.5 45.0 50000 4100 5000 4.5 
315 -13V 225 2.2 34.0 80000 3750 8500 5.5 6V6GT 

-';;i25O~---";:15~V;-----;;2~50;--~5.::;;'00:::-"":7~0c:.;.0:::0'--==--':::':'::=------~10"'0~00;----.1~0.0~t,..-6V6GTY 
285 -19V 285 4.00 70.00 8000 14.0t 

For other characteristics, refer to Type 85 

Max. Peak Inverse Plate Volts, 3850 Max. Plate Dissipation, 3.5 watts 
~::: ~~:~a:!a~~areAin~~ 125 Max. Peak Heater-Cathode Volts, -2300, +300 

250 - 3V 100 0.5 2.0 1.5 M 1225 

For other characteristics, refer to Type 6X4 

Max. AC Volts per Plate (RMS), 325 Max. DC Output rnA, 70 
Max. Peak Inverse Volts, 1250 Max. Peak Plate rnA, 245 
Max. AC Volts per Plate (RMS), 400 Max. DC Output rnA, 70 
Max. Peak Inverse Volts, 1250 Max. Peak Plate rnA, 245 

125 - IV 12 6000 6500 

125 - IV 125 2.2 9 300000 5500 

Max. AC Volts per Plate (RMS), 350 
Max. DC Output rnA, 50 

For other characteristics, refer to Type 79 

170 - 2.6 170 6.5 30 21000 
150 - 2.3 150 3 10 8500 

Max. AC Volts per Plate (RMS), 230 
Max. DC Output rnA, 60 

40 

38 
35 

Min. Total Effect. Supply 
Irnped. per Plate, 525 ohms 
Min. Value of Input Choke, 

10 henries 

1M OV Power Output is for one tube at stated plate-to-plate load 12000 4.2 

For other characteristics, refer to Type 6l10/6JlO 

6V7G 

6W4GT 

6W7G 

6X4W· 

6X5 

6X8 

6Y5 

6Y7G 

6Y9 

614 
615 

6l7G 
6Zl0 

Max. DC Output rnA, 40 
Max. Peak Inverse Volts, 1250 Max. Peak Plate rnA, 120 Min. Total Effect. Supply 6lY5G 

Irnped. per Plate, 225 ohms 

t For two tubes at stated plate-to-plate load. o For two tubes. 



558 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type lina gram Filament (F) istics for indicated typical use 

Volts Amperes 

7A4 Medium-Mu Triode 12B 5AC 6.3 0.3 Amplifier 

7A5 Beam Power Tube 12C 6AA 6.3 0.75 Class A Amplifier 

7A6 Twin Diode 12B 7Al 6.3 0.15 Detector Rectifi er 

7A7 Remote-Cutoff Pentode 12B BY 6.3 0.3 Class A Amplifier 

lA8 octode Converter 12B 8U 6.3 0.15 Converter 

7A07 Power Pentode 12C 8Y 6.3 0.6 Class A Amplifier 

7AF7 Medium-Mu Twin Triode 12B 8AC 6.3 0.3 Each Unit as Class A Amplifier 

7AG7 Sharp-Cutoff Pentode 12B 8Y 6.3 0.15 Class A Amplifier 

7AH7 Sharp-Cutoff Pentode 12B 8V 6.3 0.15 Class A Amplifier 

7B4 High-Mu Triode 12B SAC 6.3 0.3 Amplifier 

7B5 Power Pentode 12C 6AE 6.3 0.4 Class A Amplifier 

7B6 Twin Diode-High-Mu Triode 12B BW 6.3 0.3 Triode Unit as Amplifier 

7B7 Remote-Cutoff Pentode 128 BV 6.3 0.15 Class A Amplifier 

7B8 Pentagrld Converter 12B BX 6.3 0.3 Converter 

7C5 Beam Power Tube 12C 6AA 6.3 0.45 Class A Amplifier 

7C6 Twin Diode-Hi~h-Mu Triode 12B 8W 6.3 0.15 Triode Unit as Class A Amplifier 

7C7 Sharp-Cutoff Pentode 12B BY 6.3 0.15 Class A Amplifier 

70J8/ Dual Triode 6B 9DE 0.3 Each Unit as 
PCC88 Class A Amplifier 

7E6 Twin Diode-Medium-Mu Triode 12B 8W 6.3 0.3 Triode Unit as AmDlifier 

7E7 Twin D iode-Remote-Cutoff 12B 8AE 6.3 0.3 Pentode Unit as Class A 
Pentode Amplifier 

7EY6 Beam Power Tube 13F 7AC 7.2 0.6 Vertical Deflection Amplifier 

7F7 High-Mu Twin Triode 128 BAC 6.3 0.3 Each Unit as Amplifier 

7F8 Medium-Mu Twin Triode 12A 8BW 6.3 0.3 Each Unit as Class A Amplifier 

7G7 Sharp-Cutoff Pentode 12B 8Y 6.3 0.45 Class A Amplifier 

7H7 Semiremote-Cutoff Pentode 12B 8Y 6.3 0.3 Class A Amplifier 

Medium-Mu Triode-
Triode Unit as Class A Amplifier 

7HG8 Sharp-Cutoff Pentode 6B 9MP 7.2 0.3 -Pentode Unit as Class A 
Amplifier 

7J7 Triode-Hrptode Converter 12B 8Bl 6.3 0.3 
Triode Unit as Oscillator 

Heptode Unit as Mixer 

7K7 Twin Diode-High-Mu Triode 12B 8BF 6.3 0.3 Triode Unit as Class A Amplifier 

7KZ6 Sharp-Cutoff Pentode 6E 9GK 7.3 0.45 Class A Amplifier 

717 Sharp-Cutoff PERtode 12B 8V 6.3 0.3 Class A Amplifier 

7N7 Medium-Mu Twin-Triode 12C 8AC 6.3 0.6 Each Unit as Class A Amplifier 

7Q7 Pentagrid Converter 12B 8Al 6.3 0.3 Converter 

7R7 Twin Diode-Remote-Cutoff 12B BAE 6.3 0.3 Pentode Unit as Class A 
pentade Amplifier 

757 Triade-Heptade Converter 12B SBl 6.3 0.3 
Triode Unit as Oscillator 

Heptode Unit as Mixer 

7V7 Sharp-Cutoff Penta de 12B 8Y 6.3 0.45 Class A Amplifier 

7W7 Sharp-Cutoff Pentode 12B 8Bl 6.3 0.45 Class A Amplifier 

7X7 Twin Diode-High-Mu Triode 12C 8BZ 6.3 0.3 Triode Unit as Class A Amplifier 

7Y4 Full-Wave Rectifier 12B 5AB 6.3 0.5 With Capacitive-Input Filter 



CHARACTERISTICS CHART 559 

Grid Bias 
or 

Cathode 
Plale Resistor 

Volts 

110 - 7.5V 
125 - 9V 

Screen 
Grid Plale AC Plate Trans· Amplifi· 

Screen Cur· Cur· Resist· conduct· cation 
Grid rent rent ance ance Factor 

Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 6J5 
110 3.0 40.0 16000 5BOO 
125 3.3 44.0 17000 6000 

Power 

Load 
Out· 
put 

Ohms watts 

2500 
2700 

1.5 
2.2 

RCA 

Type 

7A4 
7A5 

Max. AC Voltage per Plate, 150 Volts, RMS Max. DC Output Current per plate, B mA 7A6 

250 

300 

250 

250 

250 

250 

250 

250 

90 

250 

250 

250 
100 
250 

250 

250 
250 

250 
100 
250 

250 

250 

100 
250 
250 
300 

250 

Max. 

- 3V 

6BO 

-10V 

2500 

2500 

- 3V 

- IV 

- 3V 

-1.3 

3300 

5000 

- 2V 
- 1.5V 

1BOO 

For other characteristics, refer to Type 6SK7 

100 3.2 

150 7.0 

250 2.0 

250 1.9 

Anode·Grid (2): 250 max. volts, 4.2 mA 
3.0 700000 Oscillator-Grid No, 1 Resistor. Conver· 

sian Transcond., 550 micromhos 
2B.0 300000 9500 

9.0 7600 2100 16 

6.0 1M 4200 

6.B 1M 3300 

7AF7 

7A8 

7AD7 

7AF7 

7AG7 

7AH7 

For other characteristics, refer to Type 6SF5 7B4 

For other characteristics, refer to Type 6K6GT 7B5 

For other characteristics, refer to Type 6SQ7 7B6 
100 1.7 B.5 ·-'-=::7=50':'-:00":-0.:...:...::::...1=7::":50--------.;;.7"'B7;-

For other characteristics, refer to Type 6AB 7B8 

For other characteristics, refer to Type 6V6 7C:5 

1.3 100000 1000 100 

100 0.5 2.0 2M 1300 

15 12500 33 

For other characteristics, refer to Type 6BF6 

100 1.6 7.5 700000 1300 

For other characteristics, refer to Type 6EY6 

For other characteristics, refer to Type 6SL7GT 

6.0 3300 4B 

100 2.0 
100 2.6 
150 3.2 

6.0 BOOOOO 
7.5 350000 

10.0 800000 

4500 
4000 
4000 

For other characteristics, refer to Type 6HGB 

7CG 

lC7 
7D18/ 
PCC88 . 

7E6 
7E7 
7EY6 
7F7 
7F8 

7G7 

7H7 

7HG8 

Triode·Grid ReSistor, 5.0 Triode·Grid & Heptode·Grid Current, 0.4 mA 50000 ohms 7J7 
- 3V 100 2.B 1.4 1.5 M Conversion Transcond., 290 /Lmhos 
- 2V 2.3 44000 1600 70 7K7 

750 115 3.6 25 45000 24000 7KZ6 
- IV 100 2.4 5.5 100000 3000 
- !.5V 100 1.5 4.5 1M 3100 7L7 

For other characteristics, refer to Type 6SN7GT 7N7 
- 2V 100 B.5 3.5 1M Grid No.1 Resistor, 20000 ohms 

Conversion Transcond., 450 /Lmhos 7Q7 
-IV 100 2.1 5.7 1M 3200 7R7 

Triode·Grid ReSistor, 3.0 
50000 ohms 5.0 7S7 

- 2V 100 3.0 1.B 1.25 M conversion Transcond., 525 /Lmhos 
1600 150 3.9 10.0 300000 5BOO 7V7 

For other characteristics, refer to Type 7V7 7W7 
- IV 1.9 67000 1500 100 7X7 

Peak Inverse Volts, 1250 Max. DC. Output mA,70 Max, Peak Plate inA, IBO 7Y4 



560 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name out- Dla- Heater or ing conditions and character-
Type line gram Filament (F) istics for Indicated typical use 

Volts Amperes 

7Z4 Full-Wave Rectifier 12C 5A8 6.3 0.9 With Capacitive-Input Filter 

BAL9 High-Mu Triode BC 
Triode Unit as Class A Amplifier 

Shar(H:utoff Pentode 12HE 8.6 0.6 
Pentode Unit as Class A Amplifier 

.8BH8 Medium-Mu Triode 6E 9DX 8.4 0.45 Triode Unit as Class A Amplifier 
Sbarp-Cutoff Pentode Pentode Unit as Class A Amplifier 

8BNll Sharp-Cutoff Twin Pentode B8 12GF 8.4 0.6 Each Unit as 
Class A Amplifier 

BCBll Sharp-Cutoff 
TWin Pentode B8 120M 8.4 0.6 Each Unit as Class A Amplifier 

SCN7 Twin Oiode-lligh-Mu Triode 6B 9EN 8.4 4.2 Triode Unit as Class A Ampl ifier 

BES8 High-Mu Triode BE 90X 6.3 0.75 Triode Unitas Class A Amplifier 
Sharp-cutoff Pentode Pentode Unit as Class A Amplifier 

BET7 Twin Diode- BE 9LT 8 0.6 Pentode Unit as 
Sharp-Cutoff Pentode Class A Amplifier 

8FQ7 Medlum-Mu Twin Triode 6E 9LP 8.4 0.45 Vertical and Horizontal 
Deflection Oscillators 

Medium-Mu Triode- Triode Unit as Class A Amplifier 
8GJ7 Sharp-Cutoff Pentode 61 gOA 8 0.3 Pentode Unit as Class A 

Amplifier 

9A8 Medium-Mu Triode- 68 90C 9 0.3 
Triode Unit as Class A Amplifier 

Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

9AH9 Medium-Mu Triode 88 12Hl 8.8 0.6 Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

9AK1D High-Mu Triple Triode BC 12FE 9.5 0.6 Each Unit as CI~ss A Amplifier 

9AM10 High-Mu Triple Triode BC 12FE 9.5 0.6 Each Unit as Class A Amplifier 

9AQB! High-Mu Twin Triode 68 90E 9.0 0.3 Each Unit as Class A Amplifier PCCB5 
9BJ11 Beam Power Tube 88 12FU 9.6 0.45 Beam Unit as Class A Amplifier 

Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

9BR7 Twin Oiode-High-Mu Triode sa 9CF 4.7 0.6 Triode Unit as Class A Amplifier 9.4 0.3 

Medium-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
9Cl8 68 9FX 9.5 0.3 Tetrode Unit as Class A Tetrode Amplifier 

Triode Unit as 

9EA8 Medium-Mu Triode- 68 9AE 9.5 0.15 Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as 

Class A Amplifier 

9GV8 High-Mu Triode- 6& 9LY 9.5 0.6 
Triode Unit as Class A Amplifier 

Power Pentode Pentode Unit as Class A Amplifier 

9KCG Sharp-Cutoff Pentode 6E 9RF 8.7 0.45 Class A Amplifier 

9 LAG Sharp-Cutoff Pentode 6E 9GK 8.7 0.45 Class A Amplifier 

9UBA Medium-Mu Triode- 68 9AE 9.45 0.3 Class A Amplifier Sharp-Cutoff Pentode 

10 Power Triode 278 40 7.5F 1.25 Class A Amplifier 

High-Mu Triode-Sharp-Cutoff Triode Unit as Class A Amplifier 
10CS 68 90A 10.5 0.3 Pentode Unit as Class A Pentode 

Amplifier 
lOCW5 Power Pentode 6G 9CV 10.6 0.45 Vertical Deflection Amplifier 

10DX8 High-Mu Triode- 6E 9HX 10.2 0.45 
Triode Unit as Class A Amplifier 

Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

10EG7 Oual Triode 138 BBO 9.7 0.6 Class A Amplifier 

10GF7 Dual Triode 11A SOD 9.7 0.6 
Vertical Deflection Amplifier 

Vertical DeflectionOSi:lllatOT' 

10lA5 8 eam Power Tube 150 12EY 10.5 0.6 Vertical Deflection Amplifier 



CHARACTERISTICS CHART 

Grid Bias Screen Power 
or Grid Piate AC Plate Trans- Amplifi-

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate Resistor Grid rent rent ance Ince Factor Load put 

Volts Volts mA mA Ohms Micromhos Ohms watts 

Max. Peak Inverse Volts, 1250 
Max. De Output rnA, 100 Min. Total Effec. Supply 

Max. Peak Plate rnA, 300 Imped. per Plate, 75 ohms 

200 2700 
250 560 
55 OV 

125 560 

250 
200 680 

100 - 2V 

170 -2V 

100 2000 

200 -2V 

125 1200 
110 OV 

250 2000 

125 560 

125 - IV 

250 560 
50 OV 
50 OV 

250 OV 

425 -40V 
250 3900 

135 1000 

7.6 9200 6300 59 
150 5.6 28 40000 30000 
125 21 56 Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6BHS 

For other characteristics, refer to Type 6BN 11 

125 3.S 11 200000 13000 

For other characteristics, refer to Type 6eN7 

2 37000 2700 100 
125 25 75000 12500 

For other characteristics, refer to Type 6ET7 

For other characteristics, refer to Type 6FQ7 

For other characteristics, refer to Type 6GJ7 

14 5000 20 

170 2.8 10 400000 6200 Amp!. Factor. (Grid 
No.2 to Grid No. I), 47 

For other characteristics, refer to Type 6AH9 

For other characteristics, refer to Type 6AK10 

8 9300 6900 64 

10 5800 4S 

125 2.5 8.5 40000 9600 
110 6.S 5.8 40000 7500 (Grid No. 1 - 100000) 

10 10900 4000 60 

15 5000 SOOO 40 

125 4 12 100000 5S00 

For other characteristics, refer to Type 6EAS 

For other characteristics, refer to Type 6GVS 

55000 24000 (Ee3 - OV) 150 
100 

9 
25 

IS 
25 Instantaneous Plate Knee characteristic 

125 
150 

32 
6 

76 
25 55000 21000 

For other characteristics, refer to Type 6USA 

lS.0 5000 1600 S.O 
7.3 12000 4400 53 

135 3.2 11.5 190000 SOOO 

For other ratings, refer to Type 6eW5 

For other characteristics, refer to Type 6DXS 

For other characteristics, refer to Type 6EW7 

For other ratings, refer to Type 6GF7 

For other characteristics, refer to Type 6JA5 

10200 1.6 

00.1 

RCA 

Type 

7Z4 

8Al9 

8BH8 

8BNll 

8CB11 
SeN? 

8EB8 

8ET7 

8FQ? 

8GJ7 

9AS 

9AH9 
9AKtO 
9AMtO 
9AG8! 
PCC85 
9B111 

9BR7 

9ClS 

9EAS 

9GV8 

9KC6 

9LA6 

9URA 
10 

lOCS 

10CW5 
lODX8 
tOEG7 

lOGF7 

10JA5 
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USI 

RCA Termilal Values to right give operat-
Nlme Dut- Dia- Heater or ing conditions and character-

Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

10JA8 High-Mu Triode 
Sharp-Cutoff Pentode IE 9DX 10.5 0.45 Class A Amplifier 

10LB8 Medium-Mu Triode 10A 9DX 10.2 0.45 Class A Amplifier 
Sharp-Cutoff Pentode 

Triode Unit as Class A Amplifier 

10LW8 High-Mu Triode 
Sharp-cutoff Pentode IE 9DX 10.5 0.45 Pentode Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 

IOlZ8 High-Mu Triode-
Sharp-Cutoff Pentode IE 9DX 10.5 0.45 Pentode Unit 

as Class A Amplifier 

11 Detector Amplifier 4F 4F l.lF 0.25 Class A Amplifier 

Triode Unit 1 as Class A Amplifier 

11 CAll Dual Triode 8B 12HN 10.7 0.6 Triode Unit 2 as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

Triode Unit 1 as Class A Amplifier 

11CFll Dual Triode 8B 12HW 10.7 0.6 Triode Unit 2 as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

Triode Unit 1 as Class A Amplifier 

11CHll Dissimilar Double Triode 8B 12G3 10.7 0.6 Triode Unit 2 as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

llCY7 Dual Triode 6E 9LG 11 0.45 Vertical Deflection 
Oscillator and Amplifier 

lUES High-Mu Triode 6E 9DK 10.9 0.45 Class A Amplifier Sharp-Cutoff Penta de 

llY9 Dual Penta de 6L 10l 
Unit No. 1 as Class A Amplifier 

11 0.45 
Unit No.2 as Class A Amplifier 

12A5 Power Pentode 22 or 7F 6.3 0.6 Class A Amplifier 13H 12.6 0.3 
l2A6 t 

Beam Power Tube 2B 7AC 12.6 0.15 Class A Amplifier 12A6yt 
Pentode Unit as Class A 

12A7 Rectifier-Power Pentode 248 7K 12.6 0.3 Amplifier 

Half-Wave Rectifier 

12A8GT Pentagrid Converter 14A 8A 12.6 0.15 Converter 
10.0 0.15 

12AC6 Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6 V 
10.0 0.15 

l2AD6 Pentagrid Converter 5C 7CH to approx. Converter 
15.9 at 12.6 V 
10.0 0.15 

12AE6 Twin Diode-Medium-Mu Triode 5C 7aT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6 V 
10.0 0.15 

l2AE6A Twin Diode-Medium-Mu Triode 5C 7BT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6 V 
10.0 0.45 Unit No. 1 as Class A Amplifier 

12AE7 Dual Triode 6B 9A to approx. 
15.9 at 12.6 V Unit No.2 as Class A Amplifier 
10.0 0.15 

12AF6 Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6 V 

12AH7 Medium-Mu Twin Triode 13C aBE 12.6 0.15 Each Unit as Class A Amplifier GT 
10.0 0.15 

12AJ6 Twin Diode-Medium-Mu Triode 5C 7BT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6 V 

• I ndustrial type 



CHARACTERISTICS CHART 

Plate 

Volts 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid Plate AC Plate Trans- Amplifi-

Screen Cur- Cur- Resist- conduct- cation 
Grid rent rent ance ance Factor 

Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 10JA8/10ll8 

For other characteristics, refer to Type 6lB8 

Power 

Out-
Load put 

Ohms Watts 

563 

RCA 

Type 

10JA8 

10lBB 
200 -2V 2.6 18700 4000 75 --------------~~~~~--~~--~~---------------

-200 82i! 100 2.8 16.5 60000--19000 10lWB 
35 0 100 12.5 48 Instantaneous Plate Knee characteristic 

250 -2 1.1 52000 -""""""2100- 110 

200 0 140 2.5 12 150000 9500 
-="------='----------'''-'----==--=:=----=.::.:......------ lOlZ8 

135 -10.5V 15500 440 11 
--200-----2iO!!----------------i.fi--S200----6300 59 

-200------270!J 7.1 12400 5500 69 CAll 
-200 651) 120 4.9-- 2i:5-4900C'OOO~-----;;27;12;;;-00;;--------'------~----------- 11 

40 OV 120 17.6 68 Instantaneous Plate Knee characteristic 
200 27(}0 7.1 12400 5500 69 
-200----2700 7.6 9200--63"00 5~9 ---------------
-200---650 120 4.9 27.5 490000 21200 llCFll 

40 OV 120 17.6 68 Instantaneous Plate Knee characteristic 
200 2700 7.1 12500 5500 69 

-200-----4700 7.2 7600 5300---4==0---------

200 650 120 4.9 27~OOO-0--20000 11CHll 
50 OV 120 18 71 Instantaneous Plate Knee characteristic 

For other characteristics. refer to Type 6CY7 

For other characteristics, refer to Type 6JE8 
------ -_._-

Amp\. Factor (Grid-No. 170 - 2.6 170 6.5 30 21000 1 to Grid-No.2), 38 

150 - 2.3 150 10 8500 Amp\. FactOr[Grid-No. 
1 to Grid No.2), 35 

180 -25V 180 8.0 45.0 35000 2400 3300 3.4 

250 -12.5V 250 3.5 30 70000 3000 7000 3.4 

135 -13.5V 135 2.5 9.0 100000 975 13500 0.55 

Maximum AC Plate VOltage .......... _ ................... _ ..... _ .............................. _125 Volts, RMS 
Maximum DC Output Current.. .... _ .................. _ .. _ .. _ ................................ 30 Milliamperes 

For other characteristics, refer to Type 6A8GT 

12.6 12.6 .2 .55 500000 730 jGrid-NO_ 1 Supply Volts, 0 } 
Grid-No. 1 Res., 2.2 megohms 

... ------_._ .. _--_ .. 

12.6 Self- 12.6 1.5 0.45 1M Grid-No.1 Resistor, 33000 ohms 
excited Conversion Transcond., 260 micromhos 

--------------------~ 

12.6 OV 0.75 15000 1000 15 

12.6 OV 13000 1300 16.7 

12.6 Grid Res. 1.5 megohms 1.9 3150 4000 13.0 

12.6 Grid Res. 1 megohm 7_5 985 6500 6.4 

12.6 12.6 0.45 1.1 350000 1500 {Grid-No. 1 Supply Volts, a } 
Grid-No.1 Res., 2.2 megohms 

180 - 6.5V 7.6 8400 1900 16 

12_6 {Grid-No. 1 Supply Volts, 0 } 
Grid-No. 1 Res., 2.2 megohms 0.75 45000 1200 55 

HeY7 

lUEB 

llY9 

12A5 
12A6+ 
12A6Y+ 

12A7 

l2A8GT 

12AC6 

12AD6 

12AE6 

12AE6A 

12AE7 

12AF6 

l2AH7 
ST 

12AJ6 
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USI!' 
RCA Terminal Values to right Sive operat-

Name Out- Dia- Heater or ing conditions an character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

Triode Unit as Class A Amplifier 

Medium-Mu Triode-Power 10.0 0.55 
12AL8 Tetrode 6E 9tS to approx. Tetrode Unit as Class A 15.9 at 12.6 V Amplifier 

12AT7WA+ High-Mu Twin Triode 68 9A 12.6 0.15 Class A Amplifier 12AT7WB+ 6.3 0.3 

12AU7 Medium-Mu Twin Triode 6B 9A 6.3 0.3 Each Unit as Class A Amplifier 12.6 0.15 

12AV7 Medium-Mu Twin Triode 6B 9A 6.3 0.45 Each Unit as Class A Amplifier 12.6 0.225 
12AW& Sharp-Cutoff Pentode 5CI 7CM 12.6 Q.15 Class A Amplifier 

12AX4-
GT Half-Wave Rectifier 130 4CG 12.6 0.6 Television Damper Service 12AX4- 130 12.6 0.6 

GTA 
12AX7 High-Mu Twin-Triode 6B 9A 6.3 0.3 Each Unit as Class A Amplifier 12.6 0.15 
12AY3 Half-Waye Rectifier 110 BHP 12.6 0.6 Television Damper Service 

12AZ7 Hlgh-Mu Twin-Triode 6B 9A 6.3 0.45 Each Unit as Class A Amplifier 12.6 0.225 

12B8GT Higb-Mu Trlode-Remote-Cutoff 
Triode Unit as Class A Amplifier 

Pentode BT 12.6 0.3 Pentode Unit as Class A 
Amplifier 

UBA7 Pentagrid Converter 6E BCT 12.6 0.15 Converter 

12B06 Remote-Cutoff Pentode 5C 7BK 12.6 0.15 Class A Amplifier 

12BF6 Twin Diode-Medium-Mu Triode 5C 7BT 12.6 0.15 Triode Unit as Class A Amplifier 

12BH7 Medium-Mu Twin Triode IE 9A 6.3 0.6 Vertical Deflection Amplifier 12.6 0.3 
12BK5 Beam Power Tube IE SBG 12.6 0.6 Class A Amplifier 

10.0 0.15 
12BL& Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 

15.9 at 12.6V 

12BN6 Beam Tube 50 70F 12.6 0.15 Limiter and Discriminator 

12BR7 Twin Oiode-Hlgb-Mu Triode 6B 9CF 6.3 0.45 Triode Unit as Class A Amplifier 12.6 0.225 

12BS3 Half-Wave Rectifier 110 9HP 12.6 0.6 Television Damper Service 

12BT3 Half-Wave Rectifier BC 12BL 12.6 0.45 Television Damper Service 

12BV7 Sharp-Cutoff Pentode 6E 98F 6.3 0.6 Class A Amplifier 12.6 0.3 

12BW4 Full-Wave Rectifier 6E 901 6.3 0.9 
With Capactlve Input Filter 
With Inductive Input Filter 

12BY7 Sharp-Cutoff Pentode 6E SBF 6.3 0.6 Class A Amplifier 12.6 0.3 

12BZ7 HiCb-Mu Twin Triode 6E 9A 12.6 0.3 Each Unit as Class A Amplifier 

12C8 Twin Olode-Semiremote-Cutoff 3 BE 12.6 0.15 Pentode Unit as RF Amplifier Pentode 

12CK3 Half-Wave Rectifier 30B SHP 12.6 0.6 Television Damper Service 
10.0 0.45 

12CN5 Remote-Cutoff Pentode 50 7CY to approx. Class A Amplifier 
15.9 at 12.6V 

12CR& Diode-Remote-Cutoff Pentode 5C lEA 6.3 0.3 Pentode Unit as 
Class A Amplifier 

12CT8 Medium-Mu Trlode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

6E SDA 12.6 0.3 Pentode Unit as Class A Pentode 
Amplifier 

+ Industrial Type 



Plate 

Volts 

12.6 

Grid Bias Screen 
or Grid 

Cathode Screen Cur-
Resistor Grid rent 

Volts mA 

- 0.9V 
(across 2.2 megohm res.) 

Grid-No.2 (Control Grid) Volts, -.5 
(across 2.2 megohm res.) 

Plate 
Cur-
rent 

mA 

.5 

Grid-No.1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No.2 to Plate), 15000 /Lmhos 

tJutJ 

Power 
AC Plate Trans- AmpUII- RCA 
Resist- conduct- cation Out-
ance ance Factor Load put Type 

Ohms Micromhos Ohms watts 

13000 1000 13 

Amp!. Factor (Grid-No.2 to Plate) 7.2 
Grid-No.1 mA, 75 Plate mA, 40 

12AL8 

Plate Resistance, 480 ohms 

For other characteristics, refer to Type 12AT7 
12AT7WA+ 
12AT7WO+ 

100 
250 

OV 
- 8.5V 

11.8 
10.5 

6250 
7700 

3100 
2200 

19.5 
17 12AU7 

150 18 4800 41 Cutoff Volts, -12 12AV7 
-------------------F-o-r-ot-h-er--ch-a-ra-ct-e-ri-st-ic-s'-r-e-fe-r-to--~-p-e-6-AG-5------------------~1~2AW6 

560 8500 

Max. Peak Inverse Plate Volts, 4400 
Max. Peak Plate mA, 750 Max. Peak Heater-Cathode Volts: { +~~8° 

DC component must not exceed 900 volts Max. DC Plate mA, 125 

100 -IV 
250 - 2V 

100 2700 
250 2000 

90 OV 

90 - 3V 

250 - 9V 

Max. DC Plate Volts, 450 
Max. DC Plate mA, 20 

90 

250 - 5V 250 

0.5 BOOOO 1250 
1.2 62500 1600 

For other ratings, refer to Type 6AY3 
3.7 15000 4000 

10.0 10900 5500 
2.8 37000 2400 

2 200000 1800 

For other characteristics, refer to Type 6BA7 
For other characteristics, refer to Type 6BD6 

16 1900 9.5 8500 

100 
100 

60 
60 
90 

Power Output, 
300 milliwatts 

Absolute Max. Peak Positive-Pulse Plate Volts, 1500 
Max. Plate Dissipation (Each Unit), 3.5 watts 

3.5 35 100000 8500 6500 3.5 

12.6 
Grid-No.1 

Supply 
Volts, 0 

12.6 0.5 1.35 500000 1350 
Grid-No. 1 and Grid-No. 3 Volts 

for transcond. of 10 
micromhos, 5 

100 
250 

2700 
2000 

For other characteristics, refer to Type 6BN6/6KS6 
3.7 15000 4000 60 

10 10900 5500 60 
For other ratings, refer to Type 6BS3 

12AX4-
GT 

12AX4-
GTA 

12AX7 

12AY3 

12AZ7 

12B8GT 

12BA1 

12B06 

12BF& 

12BH7 

12BK5 

12BL& 

12BN6 

12BR1 

12BS3 
Max. Peak Inverse Plate Volts, 3300 

Max. Peak Plate mA, 1000 
Max. Average Plate mA, 165 

Max. Peak Heater-Cathode Volts: {+~~O 12BT3 
250 
250 

680 150 6 27 
- 8V 180 0.5 

85000 13000 

For other characteristics, refer to 6BW4 

12BV7 

12BW4 

250 1000 

250 -2V 
~=-____ -=~ ___ 1_80 ____ 5_.75 ___ 2_6 ____ ~~_00_0 ___ 11_00_0 ____________________ 12BY7 

2.5 31800 3200 100 12BZ1 

250 - 3V 125 2.3 10 600000 1325 12CB 
------------------~Fo-r-o~th~e-r-c~ha-ra-c~te~ri~st~ic-s-,-re~fe-r-t-o-T-yp-e-6-C-K3--------------------12CK3 

12.6 12.6 3.5 4.5 40000 3800 {Grid-No. 1 Supply Volts, 0 } 
Grid-No. 1 Res., 2.2 megohms 12CN5 

For other characteristics, refer to Type 6CR6 12CR& 
150 1500 9 8200 4900 40 
200 820 125 3.4 15 150000 7000 12CT8 
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Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

10.0 0.15 
12CX6 Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 

15.9 at 12.6V 

1204 Half-Wave Rectifier 130' 4CG 12.6 0.6 Television Damper Service 

12085 Beam Power Tube SF 9GR 12.6 0.6 Class A Amplifier 

120E8 
10.0 0.2 Pentode Unit as Class A o iode-Remote-Cutoff Pentode 6B 9HG to approx. 
15.9 at 12.6V Amplifier 

120K7 
10.0 0.5 Tetrode Unit as Class A TwIn Diode-Power Tetrade 6E 9HZ to approx. 

Amp~fier 15.9 at 12.6V 

12018 
10.0 0.55 Tetrode Unit as Class A Twin Diode-Power Tetrode 6E 9HR to approx. Amplifier 15.9 at 12.6V 

120M4 Half-Wave Rectifier 13F 4CG 12.6 0.6 Television Damper Service 120M4A 13G 

120Q6A Beam Power Tube 20A 6AM 12.6 0.6 Horizontal Deflection Amplifier 

120Q68 Beam Power Tube 20A 6AM 12.6 0.6 Horizontal Deflection Amplifier 

120Q7 Power Pentode 6E 9BF 6.3 0.6 Class A Amplifier 12.5 0.3 

120S7 6E 10.0 0.4 Tetrode Unit as Class A 
120S7A 

Twin Diode-Power Tetrode 6E 91U to approx. Amplifier 
15.9 at 12.6V 

Diode Units 
10.0 0.25 Tetrode Unit as Class A 12DU7 Twin Diode-Power Tetrode 68 91X to approx. Amplifier 15.9 at 12.6V 
10.0 0.375 

120V8 Twin Diode-Power Tetrode 6E 9HR to approx. Class A Amplifier 
15.9 at 12.6V 

120W4A Half-Wave Rectifier 110 9HP 12.6 0.6 Television Damper Service 

12DW7 Dual Triode 68 9A 12.6 0.15 Unit No.1 as Class A Amplifier 
6.3 0.3 Unit No.2 as Class A Amplifier 

Medium-Mu Triode- 10.0 0.35 Triode Unit as Class A Amplifier 
120Y8 68 910 to approx. Tetrode Unit as Signal Seeker Remote-Cutoff Tetrode 15.9 at 12.6V Relay 

120ZS 10.0 0.19 
Ramote-Cutoff Pentode 5C 78K to approx. Class A Amplifier 

15.9 at 12.6V 
10.0 0.19 

12EA6 Remote-Cutoff Pentode 5C 7BK to approx. Class A Amplifier 
15.9 at 12.6V 

Medium-Mu Triode- 10.0 0.225 Triode Unit as Class A Amplifier 
12EC8 6B 9FA to approx. Semiremote-Cutoff Pentode 15.9 at 12.6V Pentode Unit as Class A 

Amplifier 

12E05 Beam Power Tube 50 7CV 12.6 0.45 Class A Amplifier 
10.0 0.15 

12EG6 Pentagrld Amplifier 5C 7CH to approx. Class A Amplifier 
15.9 at 12.6V 

12EH5 Power Pentode 50 lCV 12.6 0.6 Push-Pull Class AB, Amplifier 

12EK6/ 10.0 0.19 
120Z6/ Remote-Cutoff Pentode 5C 18K to approx. Class A Amplifier 
12EA6 15.9 at 12.6V 

10.0 0.15 
12El6 Twin Diode-High-Mu Triode 5C 7FB to approx. Class A Amplifier 

15.9 at 12.6V 



\..iHAltACTJ'.aU::lT1C::l vHAltT "'VI 

Grid Bias Screen Power 
or Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Ollt-
Plate Resistor Grid rent rent ance ance Factor Load put Type 

Volts Volts mA mA Ohms MicromhOs Ohms Watts 

Grid-No.1 Grid-No. 1 Volts for Plate 12CX6 12.6 Supply 12.6 1.4 40000 3100 Current of 10 /tA, -4.5 
Volts, 0 

Max. Peak Inverse Plate Volts, 4400 Max. Peak Heater·Cathode Volts, 4400, +300 
1204 Max. Peak Plate mA, 900 

Max. Average Plate mA, 155 Plate Dissipation 5.5 watts 

200 1800 125 2.2 46 28000 8000 4000 3.8 12085 

12.6 12.6 0.5 1.3 300000 1500 Grid No.1 Supply Volts, 0 
Grid-No. 1 Res., 2.2 megohms 120E8 

12.6 12.6 4000 5000 3500 0.010 120K7 

Grid-No.2 (Control Grid) Volts, -0.5 Ampl. Factor (Grid-No.2 to Plate) 7.2 
12.6 (across 2.2 megohm resistor) 

Grid-No. 1 mA, 75 Plate mA, 40 12018 Grid-No.1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No.2 to Plate), 15000 /tmhos Plate Resistance, 480 ohms 

For other characteristics, refer to Type 6DM4 
120M4 
120M4A 

Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 120Q6A 
Max. DC Cathode mA, 140 Max. Plate Dissipation, 15 watts 

For other ratings, refer to Type 6DQ68 120Q6B 
200 68n 125 5.6 26 53000 10500 120Q7 

-0.5 19000 9.1 (across 75 (Grid- (Grid- 120S7 12.6 12.6V 2.2 (Grid- 35 500 
me~ohm No.1) No.2 No.2 120S7A 
resistor) to Plate) to Plate) 

Diode Plate mA, with 10 Volts Applied, 3 mA 

12.6 12.6 1.5 12 6000 6200 2700 0.025 12DU7 

Grid-No.2 (Control Grid) Resistor, 4.7 megohms 
Grid-No.1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No.2 to Plate), 8500 /tmhos 

Ampl. Factor (Gr:d·No. 2 to Plate) 7.6 
Grid-No.1 mA, 53 Plate mA, 9 
Plate Resistance, 900 ohms 

120V8 

For other characteristics, refer to Type 6DW4A 120W4A 
250 - 2V 1.2 62500 100 

120W7 250 - 8.5V 10.5 7700 2200 17 
12.6 1.2 10000 2000 20 
10 10 5 min. Grid No. 1 resistor 10 megohms. Piate Load 700 ohms 12DY8 
15 - 6V 15 3 max. Plate Load 700 ohms 

Grid·No.l 
12.6 Supply 

Volts, 0 
12.6 2.2 4.5 25000 3800 1.20,m 

12.6 12.6 1.4 3.2 32000 3800 [Grid-No. 1 Supply Volts, 0 } 
Grid-No. 1 Res., 10 megohms mAG 

12.6 4700n 2.4 6000 4700 25 (Grid Res.) 
me8 

12.6 12.6 0.28 0.66 750000 2000 Grid No.1 Res., 33000 ohms 

1.25 - 45V 125 37 14000 8500 4500 1.5 12ED5 
18etween Grid No.3 & Plate 

12EG6 12.6 -0.6Vt 12.6 2.8 .55 150000 800t jBias voltage across res. 
2.2 megohms 

140 68n 120 110 470 6000 3.8t 12EH5 
Grid-No. 1 Supply Volts, 0 12E1I67 

12.6 12.6 1.7 50000 4200 Grid-No. 1 Res. (Bypassed), 120Z6/ 
2.2 megohms 12EA6 

12.6 OV 0.75 45000 1200 55 12El6 

t For two tubes at stated plate-ta-plate load. o For two tubes. 
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US, 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or Infi conditions and character-
Type "D. gram Filament (F) Is ics for indicated typical use 

Volts Amperes 

12EM6 
10.0 0.5 

Diode-Power Tetrode &E SHY to approx. Class A Amplifier 
15.9 at 12.6V 

12EN6 Beam Power Tube 130 7AC 12.6 0.6 Vertical Deflection Amplifier 

12E07 Diode-Remote-Cutoff Pentode &E 9LQ 12.6 0.15 Pentode Unit as Class A Amplifier 
12F5GT Hllh-Mu Triode 14A 5M 12.6 0.15 Amplifier 

12FB Twin Diode-Remote-Cutoff 10.0 0.15 Pentode Unit as Class A 
Pentode &B SFH to approx. Amplifier 15.9 at 12.6V 

12FK6 
10.0 0.15 

Twil Diode-Low-Mu Triode 5C 7BT to approx. Triode Unit as Class A Ampilfier 
15.9 at 12.6 V 
10.0 0.15 

12FM6 Twin Diode-Medium-Mu Triode 5C 7BT to approx. Triode Unit as Class A Amplifier 
15.9 at 12.6V 

12FQ& High-Mu Twin 
Double-Plate Triode &B 9KT 12.6 0.15 Each Unit as Class A Amplifier 

12FR8 Diode-Medium-Mu Triode &K SKU 12.6 0.32 Triode Unit as Class A Amplifier Remote'Cutoff Pentode 

12FY7 Medium-Mu Twin Triode &E 9A 6.3 0.9 Each Unit as Class A Amplifier 12.6 0.45 

12FX8 Medium-Mu Trlode-Pentagrid 10.0 0.3 Triode Unit as Class A Amplifier 
&0 SKY to approx. Converter 15.9 at 12.6V Pentagrid Unit as Converter 

12FX8A Medlum-Mu Trlode-Pentagrld 10.0 0.27 Triode Unit as Class A Amplifier 
&0 SKY to approx. Converter 15.9 at 12.6V Pentagrid Unit as Converter 

10.0 0.15 
12GA6 Pentigrld Converter 5C 7CH to approx. Converter 

15.9 at 12.6V 

12GC6 Beam Power Tu~e 20A IIX 12.6 0.6 Horizontal Deflection Amplifier 

12GJ5 Beam Power Tube 18A SQK 12.6 0.6 Horizontal Deflection Amplifier 

12GN7 Sbarp-Cutoff Pentode IE SBF 6.3 0.6 Class A Amplifier 12GN7A 12.6 0.3 

12GT5 Beam Power Tube 17B 9NZ 12.6 0.6 ~orizontal Deflection Amplifier 12GT5A 

12H6 Twin Diode 29B 7Q 12.6 0.15 
Voltage Doubler 

Half-Wav.e Rectifier 

12J5GT Medlum-Mu Triode 13D SQ 12.6 0.15 Amplifier 

12J7GT Sharp-Cutoff Pentode 14A 7R 12.6 0.15 Amplifier 

12J8 
10.0 0.325 Tetrode Unit as Class A Twin Dlode-Power Tetrode &B 9GC to approx. Amplifier 15.9 at 12.6V 

12J86 Beam Power Tube 18A SQl 12.6 0.6 Horizontal-Deflection Amplifier 

12JF5 Beam Power Tube· 16A 121H 12.6 0.6 Horizontal Deflection Amplifier 

Medlum-Mu Triode-
Triode Unit as Class A Amplifier 

12JN8 Sbarp-Cutoff Pentode &B BFA 12.6 0.225 Pentode Unit as Class A 
Amplifier 

12JT6 Beam Power Tube 17C IQU 12.6 0 •. 6 Horizontal Deflection Amplifier 

10.0 0.4 
12K5 Power Tetrode 50 7EK to approx. Class A Amplifier 

15.9 at 12.6V 

12K7GT Remote-Cutoff Pentode 14A 7R 12.6 0.15 Amplifier 

12K8 Trlode-Hexode Converter 3 8K 12.6 0.15 Oscillator Mixer 



C~ARACTERISTICS UHART OO~ 

Grid Bias Scree. Pawer 
Dr Grid Plate AC Plate Trans- Ampllfi- RCA 

CaUlade Screen Cur- Car- Resist- canduct- cation oat-
Plate Resistor Grid reat relit ance ance Factar load put Type 

Volts Volts IIA mA Dbms Micramhas Ohms Watts 

12.6 12.6 6 4000 5000 Grid-No. 1 Res., 2.2 megohms 12EM6 

Max. Peak Pos.·Pulse Volts, 1200 Max. Plate Dissipation, 7 watts 12EN6 Max. Peak Ne~-pulse Grid Volts, 250 Max. DC Plate Volts, 300 Max. Peak Ca ode rnA. 175 
For other characteristics, refer to Type 6EQ7 12EG7 
For other characteristics, refer to Type 6F5GT 12F5GT 

12.6 OV 12.6 0.38 330000 1000 Grid-No. 1 Volts for trans- 12FB condo of 10 mlcromhos, -5 

Grid Supply Volts, 0 
1.3 6200 1200 7.4 12FK6 12.6 Grid Res. (Bypassed), 

2.2 megohms 

12.6 OV 7700 1300 10 12FM6 

250 -1.5V 1.5 76000 1250 95 12Fas With plate not in use connected to ground. 

12.6 -O.8V 12.6 0.7 1.9 400000 2700 12FR8 

100 -2V 16 2250 9600 21.5 12FV1 

12.6 1.3 7150 1400 10 Grid Res., 
2.2 megohms 12FX8 Grid No. 3 Res., 2.2 meliohms 12.6 12.6 1.25 0.29 500000 Conversion Transcond., 00 /Lmhos 

12.6 -0.8 1.3 7150 1400 10 12FX8A Grid No. 3 Res., 2.2 megohms 12.6 -0.5 12.6 1.25 0.29 500000 Conversion Transcond., 300 /Lmhos 

12.6 1.6V 12.6 0.8 0.3 1M Grid No. 1 Res., 33000 ohms 
Conversion. Transcond., 140 /Lmhos 12GA6 

Max. DC Plate Volts, 770 
Max. DC Cathode rnA, 175 

Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate DiSSipation 17.5 watts 12GC6 

For other characteristics, refer to Type 6GJ5 12G15 
50 OV 125 24 70 12GN7 

250 OV 150 6.5 28 50000 36000 12GN7A 
Max. DC Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6500 12GT!r 
Max. DC Cathode mA, 175 Max. Plate Dissipation, 17.5 watts 12GT5A 
Max. AC Supply Volts per Plate (RMS), 117 Max. DC Output rnA, 8. min. 
Min. Total Effect. Plate-Supply Imped. per Plate: half-wave, 30 ohms; full wave, 15 ohms 12H6 
Max. AC Plate Volts (RMS), 150 Min. Total Effective Plate-Supply Impedance: up 
Max. DC Output rnA, 8 per Plate to 117 volts, 15 ohms; at 150 volts, 40 ohms 

For other characteristics, refer to Type 615GT 12J5&T 
For other characteristics, refer to Type 617GT 12J7GT 

12.6 -OV 12.6 1.5 12 6000 5500 2700 0.02 1218 

For other ratings, refer to Type 6186 12J86 
Max. DC Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6500 12JF5 
Max. DC Cathode rnA, 175 Max. Piate Dissipation, 17.5 watts 

125~ ____ ~-=7.1~V ____ -;~~~~~1~3~.5 __ ~5~4O~0~~8~5~00~ __ ~46~ __ -=~ __ ~==~ 
125- IV 125 4 12 200000 7500 12JN8 

Max. DC Plate Supply Volts, 770 Max. Peak Positive-Pulse Plate Volts 6500 
Max. DC Cathode rnA, 175 Max. Plate Dissipation, 17.5 watts • 12JT6 
DC Plate Volts, 12.6 ~rid-No. 2 (Control Grid) Vol~s, .. 5 Plate Resistance. 480 ohms 
Grid-No.1 (Space- Charge Gnd) Volts, 12.6 Amplification Factor, Grid-No.2 to Plate 7.2 
DC Plate rnA, 40 Grid-No. 1 rnA, 75 Transcond., Grid-No.2 to Plate, 15000 /Lmhos 12K5 

For other characteristics, refer to Type 6K7GT 12K7GT 
For other c~aracteristlcs, refer to Type 6K8 12K8 



570 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type line gram Filament (F) istics for indicated typical use 

Volts Amperes 

12KL8 Dlode-Sharp-Cutoff Peatode 6E 9lQ 12.6 0.15 Pentode Unit as Class A 
Amplifier 

12L6GT Beam Power Tube 13D 7AC 12.6 0.6 Class A Amplifier 

12Q7GT Twin Oiode-Hlgh-Mu Triode 14A 7V 12.6 0.15 Triode Unit as Amplifier 

12R5 Beam· Power Tube 50 7CV 12.6 0.6 Vertical Deflection Amplifier 

12S8GT Triple Diode-High-Mu Triode 14B 8CB 12.6 0.15 Triode Unit as Class A Amplifier 

12SA1 
2A 8R 12SA7 Pentagrid Converter 12.6 0.15 Converter 

GT 
130 BAD 

12SC7 High-Mu Twin Triode 2A 8S 12.6 0.15 Each Unit as Class A Amplifier 

12SF5 2A 6AB 12SF5 High-Mu Triode 130 6AB 12.6 0.15 Class A Amplifier 
GT 

12SF7 Diode-Remote-Cutoff Pentode 2A 7AZ 12.6 0.15 Pentode Unit as Amplifier 

12SG1 Semiremote-Cutoff Pentode 2A 8BK 12.6 0.15 Class A Amplifier 

12SH7 Remote-Cutoff Pentode 3 aBK 12.6 0.15 Class A Amplifier 

12S11 2A 8N 12SJ7 Sharp-Cutoff Pentode 130 8N 12.6 0.15 Class A Amplifier 

GJ 
12SK7 2A 8N 12SK7 Remote-Cutoff Pentode 130 8N 12.6 0.15 Class A Amplifier 

GT 
12SN7 Medlum-Mu Twin Triode 130 8BD 12.6 0.3 Each Unit as Class A Amplifier 

GT 
12SQ1 2A aQ 12SQ7 Twin Diode-High-Mu Triode 130 8Q 12.6 0.15 Triode Unit as Class A Amplifier 

GT 
12SR7 2A 8Q 12SR7 Twin .Diode-Medium-Mu Triade 130 8Q 12.6 0.15 Triode Unit .as Class A Amplifier 

GT 
12SW7· Twin Oiode-Medium-Mu Triode 2A 8Q 12.6 0.15 Triode Unit as Class A Amplifier 

12SY7· Pentagrid Converter 2A 8R 12.6 0.15 Converter 

12U7 
10.0 0.15 

Me~i::::1-Mu Twin Triode 6B 7CK to approx. Each Unit as Class A Amplifier 
15.9 at 12.6V 

12Z3 Half-Wave Rectifier 22 46 12.6 0.3 With Capacitive-Input Filter 
Unit No. 1 as 

13EM7 Dual Triode 13A 8BO 13 0.45 
Vertical Deflection Amplifier 

Unit No.2 as 
Vertical Deflection Amplifier 

13GB5 Beam Power Tube 10E 9NH 13.3 0.6 Horizontal Deflection Amplifier 

13GF7 Dual Triode llA 9QD 13 0.45 
Vertical Deflection Amplifier 

vertical Deflection Oscillator 

Power Pentode 
Pentode Unit as Class A-

13J10 Amplifier 
Gated-Beam 8B 12BT 13.2 0.45 Beam Unit as Discriminator Gated-Beam Discriminator 

13Z10 Power Pentode ac 12BT 13.2 0.45 Class A Amplifier Gated-Beam Discriminator 

14M Mellium-Mu Triode 12B 5AC 12.6 0.15 Class A Amplifier 

14A5 Beam Power Tube 12B 6AA 12.6 0.15 Class A Amplifier 

• Industrial Type 



CHARACTERISTICS CHART 

Grid Bias Screen 
or Grid Plate AC Plate Trans- Amplili-

Cathode Screen Cur- Cur- Resist- conduct- cation 
Plate Resistor Grid rent rent ance ance Factor 

Volts Volts mA mA Ohms Micromhos 

For other characteristics, see Type 6KlS 

110 - 7.5V 110 4.0 49 13000 SOOO 
200 180n 125 2.2 46 28000 8000 

For other characteristics, refer to Type 6Q7GT 

Power 

Load 
Out
put 

Ohms watts 

2000 
4000 

2.1 
3.8 

Max. DC Plate Volts, 150 
Max. Peak Cathode mA, 155 

Max. Peak Neg.-Pulse Grid-No.1 Volts, 150 
Max. Grid-No.2 Volts, 150 

Max. Plate Dissipation, 4.5 watts Max. Peak Positive-Pulse Plate Volts, 1500 (Abs.) 
250 - 2V 0.9 91000 1100 100 

For other chara.teristics, refer to Type 6SA7 

For other charact~ristics, refer to Type 6SC7 

For other characteristics, refer to Type 6SF5 

For other characteristics, refer to Type 6SF7 
For other characteristics, refer to Type 6SG7 
For other characteristics, refer to Type 6SH7 

For other characteristics, refer to Type 6SJ7 

For other characteristics, refer to Type 6SK7 

For other characteristics, refer to Type 6J5 

For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6SR7 

250 -9V 9.5 8500 1900 16 

571 

RCA 

Type 

12KL8 

12L6GT 

12Q7GT 

12R5 

12S8GT 
12SA7 
12SA7 

GT 
12SC7 
12SF5 
12SF5 

GT 
12SF7 
12SG7 
12SH7 
12S17 
12SJ7 

GT 
12SK7 
12SK7 

GT 
12SN7 

GT 
12SQ1 
12SQ7 

GT 
12SR7 
12SR7 

GT 
12SW1+ 

250 Self 
excited 100 S.5 3.5 1M 450 Grid-No.1 resistor = 200001l12SY7+ 

12.6 OV 12500 1600 20 12U7 

Max. DC Output rnA,55 12Z3 
Max. DC Plate Volts, 330 Max. Plate Dissipation, 1.5 watts 
Max. DC Cathode rnA, 22 

-Max. DC Plate'-';V'i:o-;-'It~s ,"";3';;3""0 -----------;Mcca"'x-. """PeC":a"""k-;;P""os'"'it"'iv-'-'e-;-P"'u'"'ls""e -;;P"'I a""te'-;-;-Vo"7lt,","s, 1500 
Max. DC Cathode rnA, 50 ___ --, _____ -=Max. Plate Dissipation, 10 watts 

For other ratings, refer to Type 6GB5 

13EM7 

13GB5 
For other ratings, refer to Type 6GF7 13GF7 

250 - BV 250 2.5 35 100000 6500 5000 4.2 

Max. Supply Volts, 330 Max. Peak Positive Grid··No. 1 Volts, 60 
Max. Gnd-No. 2 Vol_ts~,~l_lO,--________ ..:M",a",x,--. =.DC=-:Cathode rnA, 13 

13JlO 

For other characteristics, refer to Type 6ZI0/6J10 13Z10 
For other characteristics, refer to Type 6J5 14A4 

250 -12.5V 2,0 5.5 32 70000 3000 7500 2.B 14A5 
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Use 
RCA Termlnll Values to right Rive operat-

Name Out- Dil- Heater or ing conditions and character-
Type line gram Filament (F) Istics for indicated typical use 

Volts Amperes 

14A7 Remote-Cutoff Pentode 12B 8V 12.6 0.15 Class A Amplifier 

14AF7 Medium-Mu Twin-Triode 12B 8AC 12.6 0.15 Each Unit as Class A Amplifier 
14B6 Twin Diode-Hlgh-Mu Triode 12B 8W 12.6 0.15 Triode Unit as Class A Amplifier 
14B8 Pentagrid Converter 128 8X 12.6 0.15 Converter 
14C5 8eam Power Tube 12C 6AA 12.6 0.225 Class A Amplifier 

14C7 Sharp-Cutoff Pentode 128 8Y 12.6 0.15 Class A t.mplifier 

14E6 Twin Diode-Medium-Mu Triode 128 8W 12.6 0.15 Triode Unit as Class A Amplifier 

14E7 Twin Diode-Remote-Cutoff 128 SAE 12.6 0.15 Pentode Unit as Class A 
Pentode Amplifier 

14F7 High-Mu Twin Triode 128 8AC 12.6 0.15 Each Unit as Class A Amplifier 
14F8 Medium-Mu Twin Triode 12A S8W 12.6 0.15 Each Unit as Class A Amplifier 

14GTB Twin Diode 68 9KR 14 0.15 Triode Unit as Class A Amplifier High-Mu Triode 

14H7 Semiremote-Cutoff Pentode 128 8Y 12.6 0.15 Class A Amplifier 

14J7 Triode-Heptode Converter 128 Sal 12.6 0.15 Converter 

14JG8 Twin Dlode-High-Mu Triode 68 9KR 14 0.15 Triode Unit as Class A Amplifier 

14N7 Medium-Mu Twin Triode 12C SAC 12.6 0.3 Each Unit as Class A Amplifier 

I4Q7 Pentagrid Converter 128 SAL 12.6 0.15 Converter 

14R7 Twin Diode-Remote-Cutoff 128 SAE 12.6 0.15 Pentode Unit as Class A 
Pentode Amplifier 

15 Sharp-Cutoff Pentode 24B SF 2.0 0.22 Class A Amplifier 
Dual Triode Unit 

15B011 Dual Triode- 88 12DP 14.7 0.45 
as Class A Amplifier 

15BDl1A Sharp-Cutoff Pentode Pentode Unit as Class A 
Amplifier 

15CW5 Power Pentode 6G 9CY 15 0.3 Vertical Deflection Amplifier 

High-Mu Triode 
Triode Unit as Class A Amplifier 

150Q8 SE 9HX 15 0.3 Pentode Unit Sharp-Cutoff Pentode 
as Class A Amplifier 

15FM7 Dual Triode 8C 12EJ 14.8 0.45 Vertical Deflection 
Oscillator and Amplifier 

15HB6 Power Pentode 6G 9NW 14.7 0.3 Vertical Deflection Amplifier 

15KY8 High-Mu Triode- llC 9QT 15 0.45 
Triode Unit as Oscillator 

Beam Power Tube Beam Power Unit as Amplifier 

I5LE8 TWin Pentode 6G 9QZ 15 0.8 Class A Amplifier 

High-Mu Triode-
Triode Unit as Class A Amplifier 

16A8 6G 9EX 16 0.3 Pentode Unit Power Pentode 
as Class A Amplifier 

16AQ3 Diode 70 9CB 16.4 0.6 

HI~h-Mu Triode Triode Unit 1 as Class A Amplifier 
16BXl1 Medium-Mu Triode 88 12CA 16 0.315 Triode Unit 2 as Class A Amplifier 

Sharp-Cutoff Penta de Pentode Unit as Class--A Amplifier 

16KA6 Beam Power Tube 39A 12GH 15.8 0.6 Horizontal Deflection Amplifier 

17AB10 
Power Pentode 

Pentode Unit as Class A Amplifier 
17ABlD/ BC 128T 16.8 0.45 Beam Unit 
17XlD 

Gated-Beam Discriminator 
Gated-Beam Discriminator 

17AX4 Half-Wave Rectifier 130 4CG 16.8 0.45 Television Damper Service GT 
17AY3 Half-Wave Rectifier 110 9HP 16.8 0.45 Television Damper Service 

178B14 Beam Penta de 358 9NH 16.8 0.45 Class A Amplifier 
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Power 
RCA 

Out-
Load put Type 

Grid Bias 
or 

Cathode 
Plate Resistor 

Screen 
Grid Plate AC Plate Trans- Amplifi-

Screen Cur- Cur- Resist- conduct- cation 
Grid rent rent ance ance Factor 

Va Its Volts mA mA Ohms Micromhos Ohms Watts 

14A7 100 - IV 
250 - 3V 

100 4.0 13.0 120000 2JoO 
100 2.6 9.2 800000 ?ono 

For other characteristics, refer to Type 7AF7 14AF7 
For other characteristics, refer to Type 6SQ7 14B6 
For other characteristics, refer to Type 6A8 1488 

315 -13V 225 2.2 34.0 80000 3750 8500 5.5 14C5 
For other characteristics, refer to Type 6SJ7 14C7 
For other characteristics, refer to Type 6BF6 14£6 

250 3300 100 1.6 7.5 700000 1300 14£7 

For other characteristics, refer to Type 6SL7GT 14F7 
250 5000 6.0 3300 48 14F8 

250 -3V 0.7 72000 1000 72 14GT8 

For other characteristics, refer to Type 7H7 14H7 
For other characteristics, refer to Type 7J7 14J7 

250 - 2V 2 41000 2200 90 14JG8 
For other characteristics, refer to Type 6SN7GT 14N7 
For other characteristics, refer to Type 6SA7 14Q7 

For other characteristics, refer to Type 7R7 14R7 

135 - 1.5V 67.5 0.3 1.85 800000 15 750 
5500~-~6=8-

--------
200 7 12400 
200 2200 9.2 9400 4400 41 

135 100 135 4 17 45000 10400 

For other ratings, refer to Type 6CW5 
200 -1.7 3 4000 65 

200 - 3.4 220 IS 150000 10000 

For other characteristics, refer to Type 6FM7 

Max. DC Plate Volts, 350 
Max. Peak Positive-Pulse Plate Volts, 2500 . Max. Plate Dissipation, 10 watts 

-------------------- -
For other ratings, refer to Type 6KYS 

For other characteristics, refer to Type 6lES 
100 3.5 2500 70 

200 -16 200 35 20000 6400 

15BD11 
15BDllA 

15CW5 

15DQ8 

15FM7 

15HBS 

15KY8 

15LE8 

16A8 

Max. Supply Volts, 250 Max. Peak Negative-Pulse Plate Volts, - 6000 16AQ3 
Max. DC Plate mA, 220 Max. Plate Dissipation, 5::....:.:w:::at:.::ts'---_______ _ 

150 1500 iC--1i800-6200---42 
150---i500~-------c7~.6 84Q-0 --6800--57·-'---------16BXll 

125 560 125 3.S 12 10000iJ"ll300 
35 OV 125 9.2 20 Instantaneous Plate Knee characteristic 

~L~~~---~~V----1~10-F~o~r~0~~~e-r~ch-a~;:~ct~e~ri~st~~.~~~;e-f-er-t-~-~~~~pe-21-K-A6----3-00-0---2-.4-~J~~~~~B1~~ 
Max. Supply Volts, 330 
Max. Grid No.2 Volts, 330 

Max. Peak Inverse Plate Volts, 4400 
Max. Peak Plate rnA, 750 
Max. DC Plate rnA, 125 

Max. Peak Positive Grid No.1 Volts, 60 
Max. DC Cathode mA, 13 

Max. Peak Heater-Cathode Volts: f +j~~O 
DC component must not exceed 900 volts 

17AB1D/ 
17Xl0 

17AX4 
GT 

For other ratings, refer to Type 6AY3 ---17AY3 
~1~OO~---~7.7.7V~·--1~0~0-~7-~1O~0~~53~0~0~~14~OOO~--------- 17BB14 
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RCA Use 
Terminal Values to right give operat-

Out- Dla- Heater or ing conditions and character-Type Name line gram Filament (F) istics for indicated typical use 

Volts Amperes 

178H3 
Half-Waye Rectifier 110 9HP 17 0.6 Television Damper Service 17BH3A 

17BQ6GTB Beam Power Tube 140 6AM 16.8 0.45 Horizontal Deflection Amplifier 

17BR3 Half-Waye Rectifier 70 9CB 16.8 0.45 Television Damper Service 

17BS3 Half-Waye Rectifier 110 9HP 16.8 0.45 Television Damper Service 

17BZ3 Half-Waye Rectifier 80 12FX 16.8 0.45 Television Damper Service 

17CK3 Half-Wave Rectifier 3GB 9HP 16.8 0.45 Television Damper Service 

1704 Half-Wave Rectifier 130 4CG 16.8 0.45 Television Damper Service 

17DM4 Half-Wave Rectifier 13G 4CG 16.8 0.45 Television Damper Service 

17DQ6A Beam Power Tube 20 SAM 16.8 0.45 Horizontal Deflection Amplifier 

17DW4A Half-Waye Rectifier 110 9HP 16.8 0.45 Television Damper Service 

17EW8 H igh-Mu Twin Triode 6B 9Al 17.5 0.15 Each Unit as Class A Amplifier 

17GJ5 Navar-Beam Power Tube lBA 90X 16.8 0.45 Horizontal Deflection Amplifier 

17GT5 Beam Power Tube 17B 9NZ 16.8 0.45 Horizontal Deflection Amplifier 

17H3 Half-Wave Rectifier 6E 9FK 17.5 0.3 Television Damper Service 

17H825 Beam Penta de 35 17HB25 16.8 0.45 Horizontal Deflection Amplifier 

17J86 Beam Power Tube lBA 90L 16.8 0.45 Horizontal Deflection Amplifier 

17JG6 Beam Power Tube 17B 90U 16.8 0.6 Horizontal Deflection Amplifier 

171T6 Beam Power Tube 17C SOU 16.8 0.45 Horizontal Deflection Amplifier 

17KWi Beam Power Tube 310 90U 16.8 0.6 High-Voltage-Pulse 
Shunt Regulator 

Medlum-Mu Triode-Sharp-Cutoff 
Triode Unit as Class A Amplifier 

17lD8 10F 90T 16.8 0.45 Pentode Unit as Class A Pentode Amplifier 

17XlO Pentode-Beam Power Tube BC 12BT 16.8 0.45 Beam Power Unit as 
Class A Amplifier 

17Z31 Half-Waye Rectifier 7H 9CB 17 0.3 Television Damper Service PY81 
18A5 Beam Power Tube 13F 6CK 18.5 0.3 Horizontal Deflection Amplifier 

18AJ10 Beam Power Tube BC 12EZ 18 0.315 Beam Unit as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as FM Detector 

18FW6 Remote-Cutoff Pentode 5C 7CC 18.0 0.1 Class A Amplifier 
18FW6A 
18FX6 Pentagrid Converter 5C 7CH 18.0 0.1 Converter 18FX6A 
18FY6 Twin Diode-High-Mu Triode 5C 7BT 18.0 0.1 Triode Unit as Class A Amplifier 18FY6A 
18GB5 Beam Power Tube 358 9NH 18 0.45 Horizontal Deflection Amplifier 

18GD6A Sharp-Cutoff Pentode 5C 7BK 18 0.1 Class A Amplifier 

19 High-Mu Twin Power Triode 22 or 6C 2.0F 0.26 Amplifier 13H 
19AU4 
19AU4 Half-Wave Rectifier 13G 

GTA 
4CG 18.9 0.6 Television Damper Service 

19BG6G 
27B 198G6 Beam Power Tube 5BT 18.9 0.3 Horizontal Deflection Amplifier 

GA 



CHARACTERISTICS CHART 

Grid Bias Screen 
or Grid Plate 

Cathode Screen Cur- Cur-
Plate Resistor Grid rent rent 

Volts Volts mA mA 

AC Plate Trans-
Resist- conduct-
ance ance 

Ohms Micromhos 

Amplifi-
cation 
Factor 

Power 

Load 
Out
put 

Ohms Watts 

575 

RCA 

Type 

For other ratings, refer to Type 6BH3 
118H3 

17BH3A 
----------------F~o-r-o~th-er~ch-a-ra-ct~e~ri~st~ic~s,-r-e~fe~r~to~Ty~p~e~6~BQ~W~TB~/~6C~U~6~------------~17i.B~Q6GTB 
Max. Peak Inverse Plate Volts, 5500 Max. DC Plate rnA, 200 Max. Peak Heater f +300 17BR3 
Max. Peak Plate rnA, 1200 Max. Plate Dissipation, 6.5 walts Cathode Volts: )-5500 

For other ratings, refer to Type 6BS3 17BS3 
Max. Peak Inverse Plate Volts, 4500 Max. Plate Dissipation, 6.5 watts 
Max. Peak Plate rnA, 1200 Max. Peak Heater Cathode Volts: {- 4500 17BZ3 + 900 

For other characteristics, refer to Type 6CK3 17CK3 

For other characteristics, refer to Type 12D4 1704 

For other ratings, refer to Type 6DM4 170M4 
Max. DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 170Q6A 
Max. DC Cathode rnA, 140 Max. Plate Dissipation, 15 watts 

For other characteristics, refer to Type 6DW4A 170W4A 

100 - l.lV 10 4600 50 17EW8 
-=20~0~ ___ -~2~.1~V ______________ ~4~.5~ ________ ~5~00~0 ____ ~4~B ________________ __ 

For other ratings, refer to Type 6GJ5 

For other ratings, refer to Type 6GT5 
Max. Peak Inverse Plate Volts, 2000 Max. Average Plate rnA, 75 
Max. Peak Plate rnA, 450 Max. Plate Dissipation, 3 walts 

Max. Peak Positive-Pulse Plate Volts, 7000 
Max. Average Cathode rnA, 150 Max. Plate Dissipation, 13 Watts 

For other ratings, refer to Type 6lB6 

For other characteristics, refer to Type 17JG6A 

For other ratings, refer to Type 6JT6 

For other characteristics, refer to Type 6KV6A 

150 - 5V 3.3 11300 1900 21.5 

120 - SV llO 4 46 ll700 1100 

145 - 6V llO 36 30000 8600 3000 

17GJ5 

17GT5 

17H3 

17H825 
17JB6 

17JG6 
171TS 
17KV6 

lll08 

17XlO 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate rnA, 450 

--------M-a-x.-A-v-er-a-ge-P-I-at-e-m-A-, -1-50-- ----- - --17-Z3-/ -

Max. DC Plate Volts, 350 
Max. DC Cathode mA'-., -"90":-;-;;----;;-;0-___ : 

145 -7V llO 6.5 34 
150 1BOO 100 3.5 2.B 

100 6S0 100 4.4 II 

100 - 1.5V 100 6.2 2.3 

100 - IV 0.6 

Max. Heater-Cathode Volts, +220, -4500 PY81 

Max. Peak Pos.-Pulse Plate Volts JOOO 18A5 
Max. Plate Dissipation, 9 watts 

33000---5600 2500 1.45 
100000 2400 Grid No.3 Volts, 0 18AJ10 

250000 4400 

400000 Grid No.1 ReSistor, 20000 ohms 
Conversion Transcond., 4S0 /Lmhos 

77000 1300 100 

18FW6 
18FW6A 

18FX6 
18FX6A 

18FY6 
18FY6A 

For other characteristics, refer to Type 6GB5/EL500 18GB5 
100 lSDO 100 500000 4300 

For other characteristics, refer to Type 1J6GT 

For other ratings, refer to Type 6AU4GTA 

Max. DC Plate Volts, 700 
Max. DC Plate Current, llD rnA. 

Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
Max. Plate Dissipation, 20 watts 

18G06A 

19 

19AU4 
19AU4 

GTA 
19BG6G 
19BG6 

GA 



576 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat· 

Out- Dia- Heater If ing conditions and character-
Type Name liDe gram Filament (F) isties for indicated typical usa 

Volts Amperes 

Medium·Mu Triode-
Triode Unit as Class A Amplifier 

19CLBA Sharp·Cutoff Tetrode 6B 9FX 18.9 0.15 Tetrode Unit as Class A Amplifier 
Pentode Unit as 

19DE3 Haif-Waye Rectifier 90 12HX 19 0.& Television Damper Service 

19EZB High-Mu Triple Triode 6B 9l1A 18.9 0.15 Each Unit as 
Class A Amplifier 

19G07 Triple Diode 6B 9QM 18.9 0.15 Each Unit as Half-Wave Rectifier 

19HRS Semiremote·Cutoff Pentode 5C 7BK 18.9 0.15 Class A Amplifier 

19H56 Sharp-Cutoff Pentode 5C 7BK 18.4 0.15 Class A Amplifier 

19HVB Hig~Mu Triode 6B 9FA 18.9 0.15 Triode Unit as Class A Amplifier 
Sharp·Cutoff Penta de Pentode Unit as Class A Amplifier 

19J6 Medium·Mu Twin Triode 5C 7BF 18.9 0.15 Each Unit as Class A Amplifier 

Medium·Mu Triode-
Triode Unit as Class A Amplifier 

19JN8 Sharp-Cutaff Pentode 6B 9FA 18.9 0.15 Pent ode Unit as 
Class A Amplifier 

19KG8 Medium-Mu Triode 6B 9lY 18.9 0.15 Triode Unit as Class A Amplifier 
Sharp-Cutoff Pentode Pentode Unit as Class A Amplifier 

Triode Unit as 
1909 Medium-Mu Triede- 6B 10H 18.9 0.15 Class A Amplifier 

Semiremote·Cutoff Pentode Pentode Unit as 
Class A Amplifier 

Medium·Mu Triode-
Triode Unit as Class A Amplifier 

19X8 Sharp-Cutoff Pentode 6B 9AK 18.4 0.15 Pentode Unit as Class A 
Amplifier 

20 Power Triode 40 3.3F 0.132 Class A Amplifier 

20EQ7 Diede-Remote·Cutoff Pentode 6E 9lQ 20.0 0.1 Pentode Unit as Class A 
Amplifier 

20EZ7 Higb-Mu Twin Triode 6B 9PG 20 0.1 Each Unit as Class A Amplifier 

21EX6 Beam Power Tube 21B 5BT 21.5 0.6 Horizontal Deflection Amplifier 

21HB5 Beam Power Tube 15B 12BI 21 0.45 Horizontal Deflection Amplifier 

21HJ5 Beam Power Tube 15C 12Fl 21.5 0.6 Horizontal Deflection Amplifier 

21JV6 Beam Power Tube 15B 12FK 21 0.45 Horizontal Deflection Amplifier 

2ILOO Beam Power Tube 16B 12Hl 21 0.6 Horizontal Deflection Amplifier 

21MY8 High-Mu Triode 150 120Z 21 0.45 
Triode Unit as Class A Amplifier 

Bpam Power Tube Beam Unit as Class A Amplifier 

22 Sharp·Cutoff Tetrode 29K 4K 3.3F 0.132 Screen·Grid RF Amplifier 

22BH3 Half·Wave Rectifier 110 9HP 22.4 0.45 Television Damper Service 
22BH3A 
22JG6 Beam Power Tube 17B 9QU 22 0.45 Horizontal Deflection Amplifier 

24A Sharp·Cutoff Tetrode 29K 5E 2.5 1.75 Screen·Grid RF Amplifier 

24JE6A Beam Power Tube 32B 9Ql 24 0.6 Horizontal Deflection Amplifier 

24lZ6 Beam Power Tube 32C 9Ql 24 0.6 Horizontal Deflection Amplifier 

25A6 Power Pentode 2B 75 25.0 0.3 Class A Amplifier 25A6GT 130 75 

Pentode Unit as Class A 
25A7GT Rectifier-Power Pentode 130 8F 25.0 0.3 Amplifier 

Half·Wave Rectifier 

25AC5 High-Mu Power Triode 130 6Q 25.0 0.3 Amplifier 
GT 



CHARACTERISTICS CHART 

Sri. Bias Screea 
or Sri. Plate 

Cat.ode Scree. Cur- Cur-
Plate Resister Sri. relt rent 

V,1ts Vllts .A .. A 

AC Plate Trans-
Resist- cln.uct-

ance anee 

O ... s Micro .. ~os 

Amplifi
cation 
Flcter Load 

Dbms 

Power 

Out
put 

Watts 

577 

RCA 

Type 

40 
~~~~----~~==~~---==-~~--~------------19CUA 

14 5000 8000 

12 200000 6500 

125 

125 4 125 -1 

Max_ Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1050 

Max. Average Plate rnA, 350 190E3 
Max. Heater-Cathode Volts, +300, -5000 

For other characteristics, refer to Type 6EZ8 19E1a 
For other characteristics, refer to Type 6GQ7 19GQ7 
For other characteristics, refer to Type 6HR6 19HRB 

75 OV 75 50 19H56 
15O~ __ ~0~Vc;-__ 7~5~~2.:::.8_--,;8.8 500000 9500c---=~ __ "::""'~ ______ :--:-

-100 -IV 0:S-s4il00---1300 70 19Rva 
125 IV 125 4 12 200000 6500 

100 50n (For both units at 85 7100 5300 38 19JB 
the specified conditions) . 

125 - 1 13.5 5400 8500 46 
-.!!125~-"":-~1'----=125=---4-------=12=--20":::000:=0::"'-""'::'7=5OO=---"':'::'-------- 19JN8 

125 -IV 13.5 5400 8500 
125 -IV 125 4 12 200000 7500 

46 19KG8 

125 -IV 14 5000 8000 
125 -IV 125 4 12 200000 6500 

40 19Q9 

For other characteristics, refer to Type 6X8 19X8 

135 -22.5V 6.5 6300 525 3.3 6500 0.110 20 
For other characteristics, refer to Type 6EQ7 20EQ7 

250 1.2 1600 100 20EZ7 
For other ratings, refer to Type 6EX6 ZlEX6 

Max. DC Plate Supply Volts, 770 Max. DC Cathode rnA, 230 21H85 
Max. Peak Positive-Pulse Plate Volts, 6000 Max. Plate Dissipation. 18 watts 

--Max. DC plate Supply Volts, 770 Max. DC Cathode rnA, 280 21 5 
Max. Peak Positive-Pulse Plat"e:...V:..:o::.:lt=s~,-7:.:0:::.00=-___ ...:M::::a=x,,-. "-PI:::.at,,,e:...;Dissipation, 24 watts HJ 

Max. DC Plate' SUIIPly-Volts; 770 Max. DC Cathode mA"''-;23"'O=------
Max. Peak Positive Pulse Plate Volts, 6000 Max. Plate DiSSipation, 18 walts 21JY& 

Max. DC Plate Volts, 900 Max. Plate DiSSipation, 28 Watts 2 lG6 
Max. Average Cathode rnA, 315 Max. Peak Positive-Pulse Plate Volts, 7500 1 

250 -tV 2.3 16000 3600 58 
135 -10 120 3 56 l2OIio 9300 
45 OV 125 20 200 Instantaneous Plate Knee characteristic 

21MY8 

135 - 1.5V 67.5 (~~.) 3.7 325000 500 22 

_________ ~~FO~j~0~th~er-r-a~tin-g~S,~r-e-fe-r7to-T7y~Pe~68-H=3~~ __ --__ -----2~~:U~ 
For other characteristics, refer to Type 22JG6A 22JG6 

250 

95 

100 

-3V 90 (~!x.) 4.0 600000 1050 24A 
Max. DC Plate Volts, 990 Max. Peak Positive-Pulse Plate Volts, 7500 24JE6A 

Max. Average Cathode mA, 350 Max. Plate Dissipation, 30 Watts 
For other characteristics, refer to Type 31LZ6 

-15V 95 4 20 45000 2000 

-15V 100 4.0 20.5 50000 1800 

4500 0.9 

4500 0.77 

24LZ6 
25A6 

25A6GT 

Max. AC Plate Volts (RMS), 117 Max. DC Output rnA, 75 Max.Peak Plate mA, 450 

25A7 
GT 

110 + 15V (Grid mA, 7l 15 15200 3800 58 25AC5 
GT 



578 RCA RECEIVING TUBE MANUAL 

Usa 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater or ing conditions and character-
Type line gram Filament (f) istics for indicated typical use 

Volts Amperes 

25AX4 Half-Wave Rectifier 13D 4CG 25 0.3 Television Damper Service 
GT 

25B5 Direct-Coupled Power Amplifier 6D 25.0 0.3 Amplifier 

25B6G Power Pentode 25 7S 25.0 0.3 Class A Amplifier 

High-Mu Triode-Remote-Cutoff 
Triode Unit as Class A Amplifier 

25B8GT 13D OT 25.0 0.15 Pentode Unit as Class A Pentode Amplifier 

25BK5 Beam Power Tube 6E 9BQ 25 0.3 Class A Amplifier 

25BQ6 BEam Power Tube 14D 6AM 25.0 0.3 Horizontal Deflection Amplifier GT 
25C6G Beam Power Tube 25 7AC 25.0 0.3 Class A Amplifier 

25CA5 Beam Power Tube 50 7CV 25 0.3 Class A Amplifier 

25CD6 Beam Power Tube 21B 5BT 25 0.6 Horizontal Deflection Amplifier 
GA 

25CK3 Half-Wave Rectifier 30B 9HP 25.2 0.3 Television Damper Service 

25CM3 Half-Wave Rectifier 3IIB 9HP 25 0.6 Television Damper Service 

25DN6 Beam Power Tube 21 5BT 25 0.6 Horizontal Deflection Amplifier 

25E5/ Beam Power Tube 14K OGT 25 0.3 Horizontal Deflection Amplifier 
PL36 
25EC6 Beam Power Tube 21A 5BT 25.0 0.6 Horizontal Deflection Amplifier 

25F5A Beam Power Tube 5D 7CV 25 0.15 Class A Amplifier 

25HX5 Beam Power Tube 10F 9SB 25 0.3 Vertical Deflection Amplifier 

25JQ6 Beam Power Tube 6G 9RA 25.2 0.3 Vertical Deflection Amplifier with Integral Diode 

25L6 Beam Power Tube 2B 7AC 25.0 0.3 Amplifier 

25L6GT 
25L6GT/ Beam Power Tube 13D 7AC 25.0 0.3 Amplifier 
25W6GT 
25N6G Direct-Coupled Power Amplifier 7W 25.0 0.3 Class A Amplifier 

25W4GT Half-Wave Rectifier 130 4CG 25.0 0.3 Television Damper Service 

25W6GT Beam Power Tube 13D 7AC 25 0.3 Class A Ampl ifier 

25Y5 Rectifier-Doubler 22 Dr 6E 25.0 0.3 Half-Wave Rectifier 13H 

25Z5 Rectifier-Doubler 22 or 6E 25.0 0.3 Rectifier-Doubler 13H 

25Z6 2B 70 25.0 0.3 Voltage Doubler 

25Z6GT Rectifier-Doubler 130 70 25.0 0.3 
Half-Wave Rectifier 

26 Medium-Mu Triode 26 4D 1.5F 1.05 Class A Amplifier 

26A&+ Remote-Cutoff Pentode 5C 7BK 26.5 0.07 Class A Amplifier 

26A7GT· Twin Power Pentode 13G OBU 26.5 0.6 Class A Amplifier 

26C6· Twin Oiode-Medium-Mu Triode 5C 7BT 26.5 0.07 Triode Unit as Class A Amplifier 

26D6· Pentagrid Converter 5C 7CH 26.5 0.07 Converter 

26LW6 Beam Power Tube 29N ONC 26 0.6 Horizontal Deflection Amplifier 

• Industrial Type 



CHARACTERISTICS CHART 579 

Grid Bias Screen Power 
Dr Grid Plate AC Plate Trans- Amplifi-

Cathode Screen Cur- Cur- Resist- conduct- catiol 
RCA 

Out-
Plate Resistor Grid rent rent ance ance Factor put TYpe 

Volts Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 6AX4GTB 

For other characteristics, refer to Type 25N6G 

Ohms Watts 

25AX4 
GT 

25B5 
200 -23V 135 1.8 62.0 18000 5000 2500 7.1 
100 - IV 0.6 75000 1500 112 

-7i;;,__---,,:;--------7T----c;;=:;--~,____,.,..__---=.:..=-=---.:..:..:..--25B6G 

100 - 3V 100 2.0 7.6 185000 2000 
-==-----=-'-----------"-c:...-.--'-=--==--~"'--------25B8GT 

Max. DC Plate Volts, 600 
Max. DC Cathode rnA, 112.5 

For other characteristics, refer to Type 6BK5 

Absolute Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
Max. Plate Dissipation, 11 Watts 

For other characteristics, refer to Type 6Y6G 
110 
125 

-4V lIO 3.5 32 16000 8100 3500 
4500 

1.1 
1.5 -4.5V 125 4 37 15000 9200 

25BK5 
25BQ6 

GT 
25C6G 
25CA5 

Max. DC Plate Volts, 700 
Max. DC Plate rnA, 200 

Max. Peak Positive-Plus Plate Vols, 7000 25GD6 
Max. Plate Dissipation, 20 Watts GA 

For other characteristics, refer to Type 6CK3 25CK3 
For other characteristics, refer to Type 6CM3 25CM3 

For other characteristics, refer to Type 6DN6 250N6 
Max. DC Plate Supply Volts, 550 Max. DC Cathode rnA, 200 25E5/ 
Max. Peak Positive Pulse Plate Volts, 7000 Max. Plate Dissipation, 10 watts PL36 

-100----S.2-V--I00 5000 14000 
40 OV 100 

7 
19 

100 
240 I nstantaneous Plate Knee characteristic 

110 
200 

- 7.5V 
- 8V 

For other characteristics, refer to Type 6JQ6 

lIO 4 49 13000 9000 
lIO 2 50 30000 9500 

For other characteristics, refer to Type 50L6GT 

Output Triode: Plate Volts, ISO; Plate rnA, 46; Load, 4000 ohms 
Triode: Plate Volts, 100; Grid Volts, 0; A-F Signal Volts (Peak), 29.7; Plate rnA, 5.8 

2000 
3000 

2.1 
4.3 

3.8 

Max. Peak Inverse Plate Volts, 3S50 (Abs.) Max. Peak Heater-Cathode Volts: II +-250000 (Abs.) 
Max. Peak Plate rnA, 750 
Max. DC Plate rnA, 125 DC Component must not exceed 100 volts 

225 -30 22 1600 3800 6.2 

Max. DC Output rnA per Plate, 75 

For other ratings, refer to Type 25Z6 

Max. AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impe,i"iiilce;Hali: 
Max. DC Output rnA, 75 Wave, 30 ohms; Full-Wave, 15 ohms 
Max. AC Volts per Plate (RMS), 235 Min. Total Effect. Supply Imped. per Plate: at 117 volts 
Max. DC Output rnA per Plate, 75 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

180 -14.5V ' 6.2 7300 1150 S.3 

250 12512 100 4.0 10.5 1M 4000 

25JQ6 

2516 
25l6GT 
25L6GT/ 
25W6GT 
25N6G 

25W4GT 

25W6GT 
25Y5 

25Z5 

25Z6 

25Z6GT 
26 

26A6* 
26.5 -4.5V 26.5 1.9 20 5700 1500 IS0mW 26A7GT. 
250 

250 

-9V 
Self 

excited 100 7.S 

Max. Peak Positive Pulse Plate Volts, 7500 
Max. Peak Cathode rnA, 1400 

9.5 

3.0 

8500 1900 16 

1M 475 Grid-No.1 resistor := 200002 

Max. DC Cathode rnA, 400 
Max. Plate DisSipation, 40 watts 

2&C6· 
2&0&· 

26LW6 



580 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right give operat-

Hame Out- Di. Heater or ing conditions and character-
Type line gram Filament IF) istics for indicated typical use 

Volts Amperes 

27 Low-Mu Triode 22 If 5A 2.5 1.75 Class A Amplifier 13H 
29KQ6/ Beam Power Tube 35A 9RJ 29 0.3 Horizontal Deflection Amplifier PL521 

30 Medium-Mu Triode 22 or 4D 2.0f 0.06 Amplifier 13H 
30Jl& Beam Power Tube 39A 12GD 30 0.3 Horizontal Deflection Amplifier 

30AGll Twin Diode-Twin-Triode 8A 12DA 30 0.15 Each Triode as Class A Amplifier 

30M8& Beam Power Tube l&H 12FY 31l 0.45 Horizontal Deflection Amplifier 

31 Power Triode 22 Dr 4D 2.0f 0.13 Class A Amplifier 13H 

Dual Medium-Mu Triode Triode No.1 as Class A Amplifier 
31 All 0 8t 12HR 31.5 0.315 Triode No.2 as Class A Amplifier Beam Power Tube. 

Beam Unit as Class A Amplifier 

31JS6A Beam Power Tube l&B 12fY 31.5 0.45 Horizontal Deflection Amplifier 

32 Sharp-Cutoff Tetrode 29K 4K 2.0f 0.06 Class A Amplifier 

32ET5 Power Pentode 5D 32ET5A lCV 32.0 0.1 Class A Amplifier 

Diode Unit as Television 
32HQ7 'Dam~er Diode 

Beam ower Tube 15A 12HT 32.6 0.315 
Damper Service 
Beam Unit as 

Horizontal Deflection Amplifier 

32l7GT 
Class A Amplifier 

Rectifier-Beam Power Tube 14A 8Z 32.5 0.3 
Half-Wave Rectifier 

'" 33 Power Pentode 25 5K 2.0F 0.26 Class A Amplifier 
Diode Unit as Television 

33GT7 Damper Diode 15A 12FC 33.6 0.45 
Damper Service 

Beam Power Tube Beam Unit as 
Horizontal Deflection Amplifier 

Diode Unit as 

33GY7 Oiode-Beam Power Tube 15A 12FH 33.6 0.45 
Television Damper Service 

Beam Power Unit as 
Horizontal Deflection Amplifier 

33JY6 Beam Power Tube 15B 12fK 33 G.3 Horizontal Deflection Amplifier 

34 Remote-Cutoff Peatode 29K 4M 2.0F 0.06 Screen-Grid RF Amplifier 

34CM3 Half-Wave Rectifier 30B 9HP 33.5 0.45 Television Damper Service 

34GD5 Beam Power Tube 50 7CV 34.0 0.1 Class A Amplifier 34G05A 
34R3 Half-Waye Rectifier lC 9tB 34 0.15 Television Damper Service 

35 Remote-Cutoff Tetrode 29K 5E 2.5 1.75 Screen-Grid RF Amplifier 

35A5 Beam Power Tube 12C 6AA 35.0 0.15 Single-Tube Class A Amplifier 

3585 Beam Power Tube 50 7BZ 35.0 0.15 Class A Amplifier 
Triode Unit as Class A Amplifier 

35DZ8 Hig~-Mu Triode-Power Peatode 8H 9JE 35.0 0.15 Pentode Unit as Class A 
Amplifier 

35EH5 Power Pentode 50 7CV 35 0.15 Class A Amplifier 

35GL.6 Beam Power Tube 50 7fl 35.0 0.15 Class A Amplifier 

35L&GT Beam Power· Tube 130 7AC 35 0.15 Class A Amplifier 



CHARACTERISTICS CHART 

Grid Bias 
or 

Cathode 
Resistor 

Screen Power 
Grid Plate 

Screen Cur- Cur- Dut-
Plate 

Yolts 

Grid rent rent 

AC Plate 
Resist
ance 

Trans
conduct

ance 

Amplifi
cation 
Factor Load put 

Yo Its mA mA Ohms M icromhos Ohms 

250 -21Y 5.2 9250 975 9.0 

Max. DC Plate Volts. 275 
Max. Peak Positive Pulse Plate Volts. 6500 

Max. Plate Dissipation. 17 watts 
Max. DC Cathode rnA. 275 

For other characteristics. refer to Type 1H4G 

For other characteristics. refer to Type 6JZ6 

For other characteristics. refer to Type 6AG11 

Max. DC Plate Volts. 990 Max. Plate Dissipation. 38 watts 
Max. Peak Positive Pulse Plate Volts. SOOO Max. DC Cathode rnA. 400 

180 -30V 12.3 3600 1050 3.S 5700 

150 -2V 5.4 nooo 3900 

Watts 

0.375 

581 

RCA 

Type 

27 
29KQ&j 
PL521 

30 
30Jl& 

30AGll 
30MB& 

31 

150 -5V 5.5 8500 2350 31 All 0 
120 -8V 110 3.5 46 11700 7100=-----------

40 0 110 16.5 122 Instantaneous Plate Knee characteristic 

180 
(Max.) 

110 

- 3V 

- 7.5V 

For other characteristics. refer to Type 6JS6A 

67.5 0.4 1.7 1M 650 

110 2.S 30 21500 5500 2800 

Max. Peak Inverse Plate Volts. 3300 Max. Plate Dissipation. 3.8 watts 

1.2 

Max. Peak Plate rnA. 600 Max. Peak Heater-Cathode Volts. +200. -3300 
Max. DC Plate Supply Volts. 400 Max. DC Cathode rnA. 125 
Max. Peak Positive-Pulse Plate Volts. 4000 Max. Plate Dissipation. 7 watts 
90 - 7V 90 2.0 27.0 17000 4800 2600 1.0 

Maximum AC Plate Voltage .................................................. l25 Volts. RMS 
Maximum DC Output Current...._ ......... _ ................................ 60 Milliamperes 

ISO -lSV 180 5.0 22.0 55000 1750 6000 1.4 
Max. Peak Inverse Plate Volts. 2500 Max. Plate Dissipation 3.5 watts 

3IJS6A 
32 

32ET5 
32ET5A 

32HQ7 

32l7GT 

33 

Max. Peak Plate rnA. 750 Max. Peak Heater-Cathode Volts. +200. -2500 
-7.M~ax~.~D~C~p~la~t~e~S~up~p7Iy~V~o7.lt~S.-4~0~0------~~~~M~a~x~.~D~C~C~at~h~od~e~m~A~.~l~~~~~~-- 33G17 

Max. Peak Positive Plate Volts. 3500 Max. Plate Dissipation. 9 watts 

Max. DC Plate Supply Volts. ~o 

Max. Peak Inverse Plate Volts. 4200 Max. Plate Dissipation. 3.8 watts 
Max. Peak Plate rnA. SID Max. Peak Heater-Cathode Volts: {- 4200 

-~:-:---=--=-:-;-:----:-=c::--- _±~o_ 33GY7 
Max. DC Cathode rnA. 155 

Max. Peak Positive-Pulse Plate Volts. 5000 Max. Plate Dissipation. 9 watts 
For other characteristics. refer to Type 21JV6 33JV& 

180 3V 67.5 1.0 2.8 1M 620 34 min. 
For other characteristics. refer to Type 6CM3 34CM3 

110 -7.5V 110 35 13000 5700 2500 1.4 34GD5 
34GD5A 

Max. Peak Inverse Plate Volts. 4500 
Max. Peak Plate rnA. 450 

Max. DC Cathode rnA. 150 34R3 

250 - 3V 90 2.5 6.5 1050 35 min. 
For other characteristics. refer to Type 35L6GT 35A5 
For other characteristics. refer to Type 35C5 3585 

120 15000 0.8 1400 100 

140 lS00 120 45 7500 2500 2.0 35DZ8 

110 62n 115 7.2 32 1~00 3000 3000 1.2 35EH5 
110 -7.5V 110 45 12000 7500 2500 1.8 35Gl6 
200 180n 125 2 43 ~OO 6100 5000 3 35l&GT 110 -7.5V 110 3 40 1~00 5S00 2500 1.5 



582 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to right ~ive operat-

Name out- Dia- Heater ar In~ conditions an character-
Type line gram Filament IF) 1st cs for indicated typical use 

Yalts Amperes 

35Y4 Half-Wave Rectifier Heater Tap 12C 5AL 35.0 0.15 With Capacitive-Input Filter far Pilat Pilot Between Pins 1 and 4 
35Z3 Half-Wave Rectifier 12C 4Z 35.0 0.15 With Capacitive-'Input Filter 

35Z4GT Half-Wave Rectifier -130 5AA 35.0 0.15 With Capacitive-Input Filter 

36 Sharp-Cutoff Tetrade 24B 5E 6.3 0.3 Screen-Grid RF Amplifier 

36AM3 Half-WI" Rectifier 50 5BG 36.0 0.1 With Capacitive-Input Filter 

36AM3A Half-Wave Rectifier 50 5BR 36.0 0.1 With Capacitive-Input Filter 3&AM3B 
37 Medium-Mu Triode 22 ar 5A 6.3 0.3 Class A Amplifier 13H 
38 Pawer Pentode 24B 5F 6.3 0.3 Class A Amplifier 

39/44 Remote-Cutoff Pentode 24B 5F 6.3 0.3 Class A Amplifier 

40 Medium-Mu Triade 26 40 5.0F 0.25 Class A Amplifier 

40KD6 Beam Power Tube 16C 12GW 40 0.45 Horizontal Deflection Amplifier 

_41 Power Pentode 22 or 6B 6.3 0.4 Amplifier 13H 
42 Power Pentode 28 6B 6.3 0.7 Amplifier 

42EC4A/ Half-Wave Rectifier 35C 6EC4 42 0.3 Television Damper Service PY500 
43 Power Pentode 28 6B 25.0 0.3 Amplifier 

45 Power Triade 2& 40 2.SF 1.5 Class A Amplifier 

45Z3 Half-Wave Rectifier 5C 5AM 45.0 0.075 Half-Wave Rectifier 

45Z5GT Half-Wave Rectifier 130 BAD 45.0 0.15 With Capacitive-Input Filter Heater Tap far Pilat Pilot Between Pins 2 and 3 
46 Dual-Grid Power Amplifier 21B 5C 2;5F 1.75 Class A Amplifier 

47 Power Pentode 27B 5B 2.5F 1.75 Class A Amplifier 

48 Power Tetrode 218 6A 30.0 0.4 Class A Amplifier 

49 Dual-Grid Pawer Amplifier 26 5C 2.0F 0.12 Class A Amplifier 

50 Power Triode 29L 40 7.SF 1.25 Class A Amplifier 

50AS Beam Power Tube 12C 6AA 50.0 0.15 Class A Amplifier 

50B5 Beam Power Tube 50 lBZ SO 0.15 Class A Amplifier 

50C6G Beam Power Tube 25 lAC 50.0 0.15 Single-Tube Class A Amplifier 

50DC4 Iialf-Wave Rectifier 50 5BQ SO 0.15 With Capacitive-Input Filter 

50FE5 Beam Power Tube 13G aKB SO.O 0.15 Class A Amplifier 

50FK5 Pawer Pentode 50 lCY SO.O 0.1 Class A Amplifier 

5OHC6 Power Pentode 50 7FZ 50 0.15 Class A Amplifier 

50JY& Beam Power Tube 14L 8MG SO 0.5 Horizontal Deflection Amplifier 

50X6 Rectifier-Doubler 12C lOX 50.0 0.15 Rectifier-Doubler 

50Y&GT Rectifier-Doubler 130 lQ 50.0 0.15 Rectifier-Doubler 

Rectifier-Doubler 130 8AN 50.0 0.15 
Voltage Doubler 

50Y7GT Heater Tap for Pilot Pilot Between Pins 6 and 7 Half-Wave -Rectifier 

50Z7G Rectifier-Daubler 22 8AN 50.0 0.15 Voltage Doubler 
Heater Tap for Pilat Pilot Between Pins 6 and 7 Half-Wave Rectifier 

53 High-Mu Twin Power Triode 26 18 2.5 2.0 Amplifier 



CHARACTERISTICS CHART 

Grid Bias Screen 
or Grid Plate 

Cathode Screen Cur- Cur-
Plate Resistor Grid rent rent 

AC Plate Trans-
Resist- conduct-
ance ance 

Amplifi-
cation 
Factor 

Power 

Load 
Out
put 

Volts Volts mA mA Dbms Micromhos Ohms Watts 

For other characteristics, refer to Type 35W4 

For other ratings, refer to Type 35Z5GT 
Max_ DC Output rnA, 100 Min. Total Effective Plate-Supply Impedance: Up to 117 

volts, 15 ohms; at 235 volts, 100 ohms 
100 - 1.5V 55 1.8 550000 850 
250 - 3V 90 1.7 3.2 550000 1080 

Max. Peak Inverse Volts, 365 AC Plate Volts (RMS), 117 
Max. DC Output rnA, 82 Tube Voltage Drop for Plate rnA, 150, 20 volts 

Max. Peak Inverse Volts, 365 Max. AC Plate Volts (RMS), 120 
Max_ DC Output rnA, 82 Tube Voltage Drop for Plate rnA, 150, 16 volts 

250 -18V 7.5 8400 1100 9.2 

250 -25V 250 3.8 22.0 100000 1200 10000 2.50 

250 r - 3V 90 1.4 5.8 1.0 1050 1 min. 
180 - 3V 0.2 150000 200 30 

For other characteristics, refer to Type 6KD6 

For other characteristics, refer to Type 6K6GT 

For other characteristics, refer to Type 6F6G 

For other characteristics, refer to Type 6EC4A/EY500 

For other characteristics, refer to Type 25A6 

275 -56V 36.0 1700 2050 3.5 4600 2.00 
Max. Peak Inverse Volts, 350 Max. DC Output rnA, 65 Max. Peak Plate rnA, 390 

For other ratings, refer to Type 35Z5GT 

250 -33V 22 2380 2350 5.6 6400 1.25 

250 4500 250 6.0 31 60000 2500 7000 2.7 
125 -20V 100 9.5 56 3900 1500 2.5 

135 -20V 6.0 4175 1125 4.7 11000 0.17 

450 -84V 55 1800 2100 3.8 4350 4.6 

For other characteristics, refer to Type 5Ol6GT 

For other characteristics, refer to Type 50C5 
135 13.5V 135 3.5 ~8 9300 .7000 2000 3.6 
200 -14V 135 2.2 61 18300 7100 2600 6 

AC Plate Volts (RMS) 117 DC Output rnA, 110 
Max. Peak Inverse Plate Volts, 330 Max. Peak Plate rnA, 720 

For other characteristics, refer to Type 6FE5 

583 

RCA 

Type 

35Y4 

35Z3 

35Z4GT 

36 

36AM3 

36AM3A 
36AM38 

37 

38 

39/44 

40 

40KD6 

41 
42 

mC4A/ 
PY500 

43 
45 

45Z3 

45Z5GT 

46 

47 

48 

49 

50 

50A5 
5085 

50C6G 

50DC4 
50FE5 

110 620 115 8.5 32 14000 12800 3000 1.2 
110 62!} 115 11.5 42 11000 14600 

-:-:~_---::':-c-:--_....::..::.c,_~_=-_....::...:..~-==-___ --=-:..::..::.-_.:::::...~50FK5 
5OHC6 3000 1.4 

Max. DC Plate Volts, 275 
Max. Peak Positive-Pulse Plate Volts, 7700 

Max. DC Cathode rnA, 220 
Max. Plate Dissipation, 13 watts 50JY6 

For other ratings, refer to Type 25Z6GT 50X6 
For other ratings, refer to Type 25Z6GT 50Y6GT 

Max. AC Volts fer Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance per 
Max. DC Outpu rnA, 65 Plate, 15 ohms 
~M~aX~.~A~C~V~0~lt~s7pe~r~p~la~t~e"(RUMUS"),~2~35~'M~1~·n~.~To~ta~I~E~ff~ec~.~p~la7te~-s~u~P~PI~y~lm~p~e~d-.-pe-r·P~la7te~:~A7t~1~17~-------50Y7GT 
Max. DC Output rnA per Plate, 65 volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

Max. DC Output rnA, 65 
=====================]M~ax~.jD~ciogut~p~ut5m~A~p~e~rip~lat~e~,~65~.--~~-~-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-__ 5_0~Z~7G_ 

For other characteristics, refer to Type 6N7 53 



584 RCA RECEmNG TuBE MANUAL 

RCA T_il.1 
Use 

Values to riRbt 5ive opent-
TrII. 

II •• Out- Dia- Hiller II' inl conditions en character-
lile ...... Fil_t(f) istics for indicated typical use 

V.lts AII,_ 
70l7GT Rectifier-Beam Pawer Tu~e 13F "A 70_0 US 

Amplifier Unit as Class A 
Amplifier 

Half-Wave Rectifier 

75 Twil Diade-HillI-MI! Tria'e 2" "" 6_3 0.3 Amplifier 
78 Remah-e.ta. PellUde 2" 6F 6.3 0.3 Amplifier Miler 

.1 Fill-Wave Rectifier 2t 4C 
With Capacitive-Input Filter 

50DF 2.0 
With Inductive-Input Filter 

83- Full-WHe Merelry- 211 4C 5.0 3.0 With Capacitive-Input Filter 
V.p.r Rectifier With Inductive-Input Filter 

84/6Z4 Full,WHe RectIfier 22" With Capacitive-Input Filter 
1311 58 6.3 0.5 

With Inductive-Input Fllhr 

l17l7 Amplifier Unit as CIISS A 

GTI Rectifier-Belli Pnnr Tille 13F lAD 117 0:09 Amplifier 

M7GT Half-Wave Rectifier 

1l7N7 
Amplifier Unit as Class A 

belifier-Belnl Power Tille 13F lAY 117 0.09 Amplifier 
GT Half-Wave Rectifier 

l17P7 Rectifier-Be .. Plwer T.~e 13F lAY 117 0.09 GT 
mZ3 Half-WHe Rectltler 58 4CI 117 OM With CaplCitlve-lnput Filhr 

l17Z4 Hllf-WIYe Rectifier 21F SAl 117 0.04 With ClplCitlve-lnput Filter GT 
l17Z6 Voltale Doubler 

GT Rectifier-DI."er 130 7. 117 0.075 
Half-Wave Rectifier 

407A- Medlall-Mu Twin Triode n 4IIA olD 0.05 Class A Amplifier 20 0.1 
408A- Sharp-Cutatr Peltede 5B 7BD 20 0.05 Class A Amplifier 

884- Gas Trilde 21 112 6.3 0.6 Reluation Oscillator 
Grid-Controlled Rectifier 

955- Medlu .. M. Trilde ICInI 5BC 6.3 D.l5 AF end RF Amplifier 

959- Peatlde Bini 5BE 1.25F 0.05 Class A Amplifier 
DlaIIle 

991- Glaw-DisclllrKe Tulle C .. tact III' Voltale Replatar Cnde-
IIIIra 

1612- Peatllrid A .. plifier 3 7T 6.3 0.3 Class A Amplifier 

1614- Beam Plwer Talle 4 JS 6.3 0.9 Class A, AB Amplifier 

1619- Bel .. Plwer Talle 4 lAW 2.SF 2.0 Class AB, C Amplifier 

1628- Silarp-CIIU. P .... de 3 7R 6.3 0.3 Class A Amplifier 

1621- PlWlrPeRtede 2B JS 6.3 0,7 Class A Amplifier 

1622- Belill Plwer "TIllie 4 7S 6.3 0.9 Class AB, C Amplifier 

1&29- Electr."RIJ Talle 1311 7AL l2.6 0.15 Visual Indlcatar 

1635- Higll-Mu Twin Plwer-Trilde 130 IB 6.3 0.6 Power Amplifier 

2076/ Full-Woe Rectifier I1D 5T SF 2 514GB-
2081/ Higll-Ma Tri._e-SiIarp- IE IIX U 0.45 Triode Unit as Class A Amplifier 

6AW8A- Cutotf 'eltade Pentode Unit as Class A Amplifier 

_ Industrial type 



CHARACTERISTICS CHART 585 

Grid Bias Screen Plwer 
Dr Grid Pllte AC Pllte Trl •• - Allplifi- RCA 

Cathode Scree. Cur- Cur- Resist- clndlet- cati .. Out-
Plate Resistor Grid relt relt alce alce factor ,ut ...,pe 

Yolts Yalts IIA IIA Ohll. Micr ... h .. Oh ... watts 

l10 -7.5V l10 3.0 40.0 15000 7S00 2000 1.8 
~M-ax-.~P-ea~k~l-nv-e-~-e~V~01~ts-.~3~5O~-----M~ax-.~D~C~0~ut~:p~ut~m-A~I~7=0------~M~a-x.~p~e~ak~PI~at~e-m~A~.~4=2O~-----70L7GT 

Min. Total Effect. Plate-Supp y Imped •• 15 ohms 

AC Volts per Plate (RMS). 3SO 
Max. Peak Inverse Volts. 1400 
AC Volts per Plate (RMS). 500 
Max. Peak Inverse Volts. 1400 

For other characteristics. refer to Type 6SQ7 

For other characteristics. refer to Type 6K7 
DC Output mAo 125 
Max. Peak Plate mAo 440 
Max. DC Output mA~ 125 
Max. Peak Plate mil. 440 

Min. Total Effect. Supply 
Imped. per Plate. SO ohms 
Min. Value of Input Choke. 

10 henries 

75 
78 

80 

Max. AC Volts per plate (RMS) 4SO 
Max AC Volts per plate (RMS) SOO 

Max. DC Output Current. 
225m;' - Condenser = 40 jLF (max.) 83. 

Max. DC Output Current. - Choke = 3 henries (min.) 
225mA 

AC Volts per Plate (RMS). 325 DC Output mA 50 Total Effect. Supply 
~M~axT..~p~ea~k=l~nv~e~~~e~V~o~lts~.~17.2SO~ ______ -iM~ax~.~p~ea~k~pi.I=~Te~m7A~.~IM~ ______ ~I~m~pe~d~.~pe~r~p~la~t2e.=1~SO~oh=m~s 84/SZ4 
AC Volts per Plate (RMS). 450 Max. DC Output mAo 60 Value of Input 
Max. Peak Inverse Volts. 1250 Max. Peak Plate mAo 1M Choke. 10 henries 

10~ - 5.2V 105 4 43 17000 5300 4000 0.85 

Max. AC Plate Volts (RMS). 117 
Mafll. Peak Inve~e Volts. 350 

Max. DC Output mAo 75 Min. Total Effect. Plate-
Max. Peak Plate mAo 450 Supply Imped •• 15 ohms 

1l7L7 
GTI 

M7GT 

~100~~~-~6~V~~~1~00 ____ 5 __ ~5~1~~I~60~00~o;7_0oo ______ ~~~3000~~~17·2 ___ 117N7 
Max. AC Plate Volts (RMS). l17 Max. DC Output mAo 75 Min. Total Effect. Plate- GT 
Max. Peak Inverse Volts. 350 Max. Peak Plate mAo 4SO Supply Impedance. 15 ohms 

For other characteristics. refer to Type l17L7/M7GT 

Max. Peak Inverse Volts, 330 

Max. Peak Inverse Volts, 3SO 

Max. DC Output mAo 90 
Max. Peak Plate mA, 540 
Max. DC Output mAo 90 
Max. Peak Plate mA, 540 

Min. Total Effect. Plate
Supply Imped •• 20 ohms 

Min. Totai Effect. Plate
Supply Imped •• 30 ohms 

117P7 
GT 

117Z3 
117Z4 

GT 
AC Volts per Plate (RMS), 117 Min. Total Effective Plate-Supply Impedance per Plate: 
~0~C7.0~ut~p~ut~m~A~,~5O~~~ ___ ~ ____ ~HaTlf~-W~av~e~.JO~0~h~m~s;~F~U~II~-w~a~ve~.~1~5~0~hm~s~ __ ~~~~~ ___ 117Z6 
AC Volts per Plate (RMS), 235 Min. Total Effect. Supply Imped. per Plate: At 117 GT 
DC Output mA per Plate. 60 volts, 15 ohms; at ISO volts. 40 ohms; at 235 volts, 100 ohms 

150 2400 8.2 6350 5500 35 (each unit) 401A. 
120 2000 

300 max 
350 max 

250 -7 

135. -3 

4lHi7 

250 -3 

300 -10 

300 a 

120 2.2 7 340000 SOOO 
JOO max (peak) 
300 max (peak) Average Anode Current = 75 mA (max.) 

6.3 11400 2200 25 

67.5 0.4 1.7 800000 600 

2 

100 6.5 5.3 600000 1100 Grid-No.3 Bias = -3V 

For other characteristics. refer to Type 6L6. 6L6GC 

200 4 44 8800 

For other characteristics, refer to Type 617 

For other characteristics, refer to Type 6F6G 

For other characteristics, refer to Type 6L6, 6L6GC 

For other characteristics, refer to Type 6E5 

6.6 ·(plate to plate) 

For other characteristics refer to Type 5R4GB. Horizontal 
operating position requires pins 1 and 4 in vertical plane. 

For other characteristics. refer to Type 6AWS 

3 

12000· 10.4 

408A· 
884· 
955· 
959· 

991· 

1612· 
1614· 
1619· 

1621· 
1622· 
1629· 
1635· 
20161 

5R4GB· 
2081/ 

SAW8A· 



586 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminal Values to ri~ht give ope rat-

Name Out- Dia- Heater or inq conditions and character-
Type line gram Filament IF) istics for indicated typical use 

Volts Amperes 

2082/ Medium-Mu Twin Triode 68 9A 12.6 0.15 Class A Amplifier 12AY7+ 6.3 0.3 

5636+ Sharp-Cutoff Pentode submin- 8DC 6.3 0.15 Class A Amplifier iature 

5639+ Semiremote-Cutoff Pentode submin- 8DE 6.3 0.45 Class A Amplifier iature 

5642+ Half-Wave Rectifier submin- 5642 1.25F 0.2 Pulsed Rectifier Service iature 

5651WA+ Glow Discharge Tube 5C 580 Voltage Reference 

5654/ 
6AK5W/ .Sharp-Cutoff Pentode 58 780 6.3 0.175 Class A Amplifier S09S+ 
5654W+ 
5663+ Gas-Tetrode 5A 6CE 6.3 0.15 Thyratron 

5670+ Medium-Mu Twin Triode 6A 8CJ 6.3 0.35 Class A Amplifier 5670WA+ 
5672+ Power Pentode submin- 5672 1.25 0.05 Class A Amplifier iature 

5678+ RF Pentode submin- 5678 1.25 0.05 Class A Amplifier iature 
5686+ Beam Power Tube 6B 9G 6.3 0.35 Class A Amplifier 

5687+ Medium-Mu Twin Triode 6B 9H 12.6 0.45 Class A Amplifier 6.3 0.9 
5691+ High-Mu Twin Triode 13A 8BO 6.3 0.6 Class A Amplifier 

5692+ Medium-Mu Twin Triode 13A 8BO 6.3 0.6 Class A Amplifier 

5693+ Sharp-Cutoff Pentode 8N 2A 6.3 0.3 Class A Amplifier 

5696A+ Gas Tetrode 5B 7BN 6.3 0.15 Relay Applications 

5718+ Medium-Mu Triode submin- 8DK 6.3 0.15 Class A Amplifier iature 

5719+ High-Mu Triode submin- 8DK 6.3 0.15 Class A Amplifier iature 
5725+ 
5725/ Sharp-Cutoff Pentode 58 7CM 6.3 0.175 Class A Amplifier 

SAS6W+ 
5720+ 
5726/ 

6AL5W/ Twin Diode 5B 6BT 6.3 0.3 Half-Wave Rectifier 6097+ 
5726/ 
OAL5W+ 
5734+ Mechano-Electronic Transducer 5734 5734 6.3 0.15 Vibration Measurements' 

5749+ 
5749/ Remote-Cutoff Pentode 5C 7BK 6.3 0.3 Class A Amplifier 

6BA6W+ 
5750+ Pentagrid Converter 5C 7CH 6.3 0.3 Converter 

5751WA+ Hlgh-Mu Twin Triode 6B 9A 12.6 0.15 Class A Amplifier 6.3 0.3 

5783+ Glow Discharge Tube submin- 5783 Voltage Reference iature 

5814WA+ Medium-Mu Twin Triode 6B 9A 12.6 0.15 Class A Amplifier 6.3 0.3 
5824+ Power Penta de 25 7S 25 0.3 Class A Amplifier 

5840+ Sharp-Cutoff Pentode submin- 8DE 6.3 0.15 Class A Amplifier 5840W+ iature 

+ Industrial type 



CHARACTERISTICS CHART 587 

Plate 

Volts 

100 

150 

8000 

500 

150 

67.5 

67.5 

250 

250 

250 

250 

250 

150 

150 

120 

Grid Bias 
or 

Cathode 
Resistor 

1500 

1000 

-10V 

2400 

-6.5V 

0 

-12.5V 

-12.5V 

-2 

-9V 

-3V 

1800 

6800 

-2V 

300 OV 

Screen 
Grid Plate AC Plate Trans- Amplifi-

Screen Cur- Cur- Resist- conduct- cation 
Grid rent rent ance ance Factor 

Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 12AY7 

Power 

Out-
Load put 

Ohms Watts 

RCA 

Type 

2082/ 
12AY7· 

100 5.8 4 50000 1950 Ee3 = -3V 5636· 
100 4 21 50000 9000 

0.15 Tube drop at 4 rnA = 30 volts 5642· 
5651WA· For other characteristics, refer to Type 5651A 

For other characteristics, refer to Type 5654 

2 20 

8.2 6400 5500 

67.5 1.1 3.25 650 

67.5 0.48 1.8 1M 1100 

250 27 45000 3100 

12 3000 5400 

2.3 44000 1600 

6.5 9100 2200 

100 0.83 3 1650 

For other characteristics, refer to Type 5696 

13 4150 6500 

1.85 30500 2300 

120 3.5 5.2 3200 

For other characteristics, refer to Type 6Al5 

1.5 7200 275 

5654/ 
6AK5W/ 
6096+ 

5654W+ 

(each unit) 5670+ 
- 5670WA· 

16 

70 

20 

27 

70 

20000 .065 5672+ 

5678+ 
9000 2.7 5686+ 

(each unit) 5687+ 
(each unit) 5691+ 
(each unit) 569Z+ 

(Grid-No.3 = OV) 5693+ 
5696A+ 
5718+ 

5725+ 
(Grid-No.3 = OV) 5725/ 

7500 

6AS6W+ 
5726+ 
5726/ 

6AL5W/ 
6097+ 
5726/ 

6AL5W+ 

• Up to 12,000 cycles per second. 

For other characteristics, refer to Type 6BA6 

For other characteristics, refer to Type 6BE6 

For other characteristics, refer to Type 5751 

85 1.5 

For other characteristics, refer to Type 5814A 

For other characteristics, refer to Type 25B6G 

100 1500 100 2.4 7.5 260000 5000 

5749+ 
5749/ 

6BA6W+ 
5750+ 

5751WA+ 

5814WA+ 

5840+ 
5840W+ 



588 RCA RECEIVING TUBE MANUAL 

Use 
RCA Terminlll Values to right give operat-

Name Ont- Dia- Heater .r ing conditions and character-
rype line gram Filameat (f) istics for indicated typical use 

Vllts Amperes 

5842/ Medium-Mu Triode 6A 9V 6.3 0.3 Class A Amplifier 417A· 
5844· Medium-Mu Twin Triode 5C lBF 6.3 0.3 Class A Amplifier 

5847/ Sbarp-Cutoff Pentede IA 9X 6.3 0.3 Class A Amplifier 404A· 
5881· Beam Power Tube 29M lAC 6.3 0.9 Class A Amplifier 

5896· TWin Diode submill- aDJ 6.3 0.3 fun-Wave Rectifier iature 

5899· Semiremote-Cutoff Pentode submin- IDE 6.3 0.15 Class A Amplifier iature 

5902· Beam Power Pentode submin- aDE 6.3 0.45 Class A Amplifier iatare 

5915· Pentagrid Amplifier 5C lCH 6.3 0.3 Class A Amplifier 

5964· Medium'Mu Twin Triode 5C lBF 6.3 0.45 Class A Amplifier 

6005· 
6005/ 

6AQ5W Beam Power Tube 50 lBZ 6.3 0.45 Clan A Amplifier 6095· 
6005/ 
6AQ5· 
6021· Medium-Mu Twin Triode submia- aDS 6.3 0.3 Clan A Amplifier iature 

6072· Medium·Mu Twin Triode 6B SA 6.3 0.15 Class A Amplifier 6072A· 12.6 0.3 

6073· 
&073/ GloW·Dlscbarge Tube 50 5BO Voltage Regulator 
0A2· 
6074· 
6074/ GloW·Discharge Tube 50 5BO Voltage Regulator 
082· 
6080WA· Low-Mu Twin Triode 3& aBO 6.3 2.5 Voltage Regulator 

&082· Low-Mu Twin Triode 3& aBO 26.5 0.6 Voltage Regulator 

&101· 
6101/ Medium-Mu Twin Triode 5C lBF 6.3 0.45 Class A Amplifier 

616WA· 
&111· Medium-Mu Twin Triode submin- aDS 6.3 0.3 Class A Amplifier iature 

. 6.112· High-Mu Twin Triode sulimin- aDG 6.3 0.3 Class A Amplifier iature 

6136· Sharp-Cutoff Pentode 5C IBK 6.3 0.3 Class A Amplifier 

6186· 
&18&/ Sharp·Cutoff Pentede 5C IBD 6.3 0.3 Class A Amplifier 6AG5WA· 
6186W· 
6189· Medium-Mu TWin Triode &B SA 12.6 0.15 Class A Amplifier 6.3 0.3 

6197· Power Pentode 6E 9BV 6.3 0.65 Class A Amplifier 

6202· TWin Diode 50 5BS 6.3 0.6 FUll-Wave Rectifier 

6206· ·Semiremote-Cutoff Pentode submin· IDC 6.3 0.15 Class A Amplifier iature 

6211· Medium·Mu Twin Triade 6B 9A 12.6 0.15 Class A Amplifier 6.3 0.3 

• I ndustrlal type 



CHARACTERISTICS CHART 589 

Grid Bias Screen Power 
Dr Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation Out-
Plate Resistor Grid rent rent ancl! ance Factor Load put Type 

Volts Volts mA mA Ohms Micrombos Ohms Watts 

150 600 25 1700 25000 43 5842/ 
417A· 

100 4700 4.8 7950 3400 27 (each unit) 5844· 
160 6000' 160 4.5 13 12500 5847/ 

'with 8.5 V in series 404A· 
250 -14V 250 4.3 75 30000 6100 2500 6.7 5881· 350 -18V 250 2.5 53 48000 5200 4200 11.3 

150 RMS each plate DC Output Current = 18 mA 5896· 

100 1200 100 2.2. 7.2 260000 4500 5899· 

100 2700 100 2.2 30 15000 4200 3000 5902.· 

67.5 OV 67.5 2000 (grid No.4 Yoltage _ -4 Yolts) 5915· 1100 (grid No.4 Yoltage = 0 volts) 
100 500' 9.5 6500 

• Common to both units 
6000 39 (each unit) 5964· 

6005· 
6005/ 

For other characteristics, refer to Type 6AQ5A 6AQ5W 
6095· 
6005/ 
6Aa5· 

100 1500 6.5 6500 5400 35 6021· 

250 -4V 3 25000 1750 44 
6072· 
6012A· 
6073· 

For other characteristics, refer to Type OA2 6073/ 
OA2· 
6074· 

For other characteristics, refer to Type OB2 6074/ 
082· 

For other characteristics, refer to Type 6080 6080WA· 
For other characteristics, refer to Type 6080 6082· 

6101 • 
For other characteristics, refer to Type 6l6A 6101/ 

6J6WA· 

100 2200 8.5 4000 5000 20 6111· 

150 8200 1.75 2500 70 6112.· 
For other characteristics, refer to Type 6AU6A 6136· 

6186· 
For other characteristics, refer to Type 6AG5 

6186/ 
6AG5WA· 

6186W· 
For other characteristics, refer to Type 12AU7A 6189· 

250 3V 250 70 30 90000 11000 6197· 
325 RMS, 4 p;F input filter 50 (each plate) 6202· 
450 RMS, 8 henry input choke 50 (each plate) 

100 1200 100 2.2 7.2 260000 4500 6206· 

100 4700 4.6 7500 3600 27 (each unit) 6211· 
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US8 
RCA Terminal Values to right five operat-

Name Oat- Dia- Heater or ing conditions an character-
Type line gnm Filament (F) istics for indicated typical use 

V.lts Amperes 

&33&A· Low-Mu Twin Triode 37 BBD 6.3 5.0 Class A Amplifier 

&350+ Medium·Mu Twin Triade 6E 9Cl 12.6 0.3 Class A Amplifier 6.3 0.6 
&368+ Twin Tetrode 61l 6360 12.6 0.41 Class AB1 Power Amplifier 63&0A+ 6.3 0.82 

&38&+ Mediu .... Mu Twin Triade 6A BCI 6.3 0.35 Class A Amplifier 

&417+ VHF Beam PDwer Tube 6E 9K 12.6 0.375 RF Power Amplifier 

&485+ Sharp-Cutaff Pentode 5C 7CC 6.3 0.45 Class A Amplifier 

&&2&/ Glew-Discharge Tube 50 5BO Voltage Regulator OA2WA· 
&668/ Remote-Cutoff Pentode 5C 7BK 6.3 0.3 Class A Amplifier &8A&+ 
&&&2/ Remote-Cutaff Pentode 5C 7CM 6.3 0.15 Class A Amplifier &8J6+ 
&663/ Twin Dlade 5B 6BT 6.3 0.3 Half-Wave Rectifier &AL5+ 
66&4/ High-Mu Triode 5C SCE 6.3 0.15 Class A Amplifier &AB4+ 
&&76/ Sharp-cutoff Pentode 5C 7CM 6.3 0.3 Class A Amplifier &CB6A· 
&&71/ Power Pentode 6E 9BV 6.3 0.65 Class A Amplifier &CL6+ 
6&78/ Medium-Mu Triode 6B 9AE 6.3 0.45 Triode Unit as Class A Amplifier 
6UIAt Sharp-Cutoff Pentade Pentode Unit as Class A Amplifiel 

&686+ Power Pentode 6E BAU 6.3 0.375 Class A Amplifier 

&&8IA+ Sharp-Cutoff Pentode SA 9EQ 6.3 0.3 Class A Amplifier 

6887+ Twin Diode 5A 6BT 6.3 0.2 Half-Wave Rectifier 

6922/ Medium-Mu Twin Triode &B IAI 6.3 0.3 Class A Amplifier EBICC+ 
6917+ Indicator Triode submin- 6971 1.0F 0.03 Logic Level Indicator iature 

7027 Beam Power Tub. llF aNY 6.3 0.9 
Push·Puli Class AB1 Amplifier 

Push-Pull Class AB1 Amplifier 
7044+ Medium·Mu Twin Triode IE IN 6.3 0.9 Class A Amplifier 

7054+ Pawer Pentade 6B 9GK 13.5 0.275 Class A Amplifier 

7055+ Twin Diade 5B 6BT 13.5 0.155 Half-Wave Rectifier 

705&+ Sharp·Cutoff Pentode 5C 7CM 13.5 0.15 Class A Amplifier 

7057+ Medium-Mu Twin Triode 6B 9AJ 13.5 0.18 Class A Amplifier 

7058+ High-Mu Twin Triode 6B 9EP 13.5 0.155 Class A Amplifier 

70&0+ Medium-Mu iilode 6B 9DA 13.5 0.28 Triode Unit as Class A Amplifier 
Power Pentade Pentode Unit as Class A Amplifi81 

70&1+ Beam Pawer Tube &E 9EU 13.5 0.21 Class A Amplifier 

7167+ Sharp-Cutaff Tetrade 5C lEW 13.5 0.09 VHF Cla~$ A Amplifier 

7258+ Medium-Mu Trlade 6B aDA 13.5 0.21 Triode Unit as Class A Amplifier 
Sharp-Cutaff Pentade Pentode Unit as Class A Ampllfiel 

7301+ Medium·Mu Twin Triade 6B aAI 6.3 0.335 Class A Amplifier 

73&0+ Beam DeftecUt. Tube IE 9KS 6.3 0.35 Class A Amplifier 

+ Industrial type 
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Grid Bias Screen Power 
or Grid Plate AC Plate Trans- Amplifi- RCA 

Cathode Screen Cur- Cur- Resist- conduct- cation out-
Plate Resistor Grid rent rent ance ance Factor Load put Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 

190 2000 200 13500 2.7 (each unit) 6336A· 
150 -5V 11 3900 4600 18 (each unit) 6350· 

300 -21.5V 200 1.2 30 3300 10000 6360· 
plate to plate 6360A· 

100 2000 9.6 4250 4000 17 6386· 
For other characteristics, refer to Type 5763 6417· 
For other characteristics, refer to Type 6AH6 6485· 

For other characteristics, refer to Type OA2 6626/ 
OA2WA· 

For other characteristics, refer to Type 6BA6 6660/ 
&BA&· 

For other characteristics, refer to Type 6BJ6 &&&2/ 
&BJ6· 

For other characteristics, refer to Type 6AL5 &Al5· 
6663/ 

For other characteristics, refer to Type 6AB4 &&&4/ 
&AB4· 

For other characteristics, refer to Type 6CB6A &&76/ 
&CB6A· 

For other characteristics, refer to Type 6CL6 &&777 
&Cl&· 

For other characteristics, refer to Type 6U8A &&78/ 
&U8A· 

210 1200 210 5.3 20 300000 11000 15000 6686· 
190 6300 160 3.3 13 90000 16 00 grid·No.3 voltage - 0 volts 6&88A. 

5 grid-No.1 supply voltage = +9 volts 
360 RMS (max.) each plate -DC Plate Current := 10 rnA max. 6887· 

100 6800 15 12500 33 (each unit) 6922/ 
E88CC· 

50 OV Rg := 100,00011 5851'A 6977· -3V 51'A 
450 -30V 350 3.40 950 6000 SOt 
400 2000 300 70 1120 6600 32t 7027 380 1800 380 5.60 1380 4500 36t 
410 2200 Cath. rnA, 134 8000 24t 
120 -2V 36 1750 12000 21 (each unit) 7044· 

For other characteristics, refer to Type 8077/7054 7054· 
117 RMS each plate -DC plate current 9 rnA. 7055· 

200 1800 150 2.8 9.5 600000 6200 7056· 
150 2200 10 5300 6800 36 (each unit) 7057· 
250 -2V 1.25 61000 16SO 100 (each unit) 7058· 
150 1500 9 8200 4900 40 7060· 200 820 125 3.4 15 150000 7000 
200 -10V 200 9 35.5 60000 4200 SOOO 3 70&1· 
125 -IV 80 1.4 10 125000 8000 71&7· 

For other characteristics, refer to Type 6AN8A 7258· 
For other characteristics, refer to Type 6922/E88CC 7308· 

ISO 5400 deflection electrode each 1500 175 2.1 8.5 both plates voltage := 25 volts 7360· 
plate tied 

t For two tubes at stated plate-to-plate load. o For two tubes. 
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Use 
RCA Terminal Values to right give operat-

Name Out- Dia- Heater Dr ing conditions and character-
Type IiDe gram Filae.t (F) istics for indicated typical use 

Volts Amperes 

7591 Beam Plwer Tube 130 aKQ 6.3 0.8 
Class A Amplifier 

Push-Pull Class AD1 Amplifier 

1695 Belm Plwer Tube 130 IPX 50 0.15 
Class A Amplifier 

Push-Pull Class AD1 Amplifier 

70717/ Sbarp-cutoff Tetrode 5C 7EW 6.3 0.2 Class A Amplifier 6CY5· 
7724/ Twin-Diode &B aKR 14 0.15 Triode Unit as Class A Amplifier 14GT8· Higb-Mu Triode 

1788· Pentode 6B SNK 6.3 0.34 Class A Amplifier 

7898· High·Mu Twin Triode &B IEP 13.5 0.15 Class A Amplifier 

8858· Nuyistor, High-Mu Triode 1A1 12CT 6.3 0.135 Class A Amplifier 

8136· Sbarp-Cutoff Peatode 5C 7CM 6.3 0.3 Class A Amplifier 

8203· NUYistor, Power Triode 12AQ 6.3 0.16 Class A Amplifier 

8233· Pentode 11A SPZ 6.3 0.6 Class A Amplifier 

8532· 
8532/ Higll-Mu Triode 5C 7BQ 6.3 0.4 Class A Amplifier 6J4WA· 

8532W· 
8627· NUYistor, Power Triode 1A2 12CT 6.3 0.15 Class A Amplifier 8627A· 
8628· Nuvistar, High·Mu Triode 1 12AQ 6.3 0.1 Class A Amplifier 

8808· Nuyistor, Higb-Mu Triode 1A3 8808 6.3 0.34 Class A Amplifier 

8950· Beam Power Tube 1&E 8950 13.a 1.1 Class A Ampl ifier 

9001· Detector Amplifier PEntode 5F 7BD 6.3 0.15 Class A Amplifier 

9002· Medium-Mu Triode 5F 7BS 6.3 0.15 Detector; Amplifier, Oscillator 

9003· RF Pentade 5F 7BP 6..3 0.15 Class A Amplifier 

9005· UHF Diode acorn 5B8 3.6 0.165 Half-Wave Rectifier 

Tu06· UHF Diode 5F &BH 6.3 0.15 Half-Wave Rectifier 

EM84/ Electro_Ray Tube &F 9SA 6.3 0.27 Visual Indicator 
SFG6 

• Industrial type 

SAFETY PRECAUTIONS 

Electron tubes that operate at potentials exceeding several thousand 
volts may emit X-radiation. 

The high voltages associated with these devices result in production 
of X-radiation which may constitute a health hazard on prolonged exposure 
at close range unless the tube is adequately shielded. Equipment design 
must provide for this shielding. 
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Grid Bias Screen Pewer 
Dr Grid Plate AC Plate Traas- AIR,lifi- RCA 

Catbade Screen Cur- Cur- Resist- candld- catiDn Out-
Plate Resistor Grid rent rent alce anee Factar Laa. put Type 

Vults Valts IIA IRA Dbms Micra.bes Dbms Watts 

300 10V JOO 8 60 29000 10200 JOOO 11 7591 
450 2000 400 11.50 820 9000 28t 
130 -llV 130 5 100 7000 11000 1100 4.S 7&95 140 SOO 140 go 2100 1500 lOt 

For other characteristics, refer to Type 6CYS 7717/ 
6CY5· 

For other characteristics, refer to Type 14GT8 7724/ 
14GT8· 

135 3601l 1.65 5 35 SOOOO 58 7188· 
2SO 2000 10 10900 5500 60 (each unit) 7898+ 
110 470 10 5600 l2400 70 8858· 

For other characteristics, refer to Type 6DK6 813&+ 
150 5600 7 5000 6000 3D 8283+ 
125 -3V 125 5.5 50 20000 45000 8233+ 

8532+ 
ISO 1000 13.5 4800 11000 52.5 8532/ 

6J4WA· 
8532W· 

110 470 11.5 5400 13000 70 8627+ 
8627.+ 

120 2000 1.5 41000 3100 127 8&28+ 
200 680 15 6400 18000 100 8888+ 
17S -21V 110 2.0 120 16000 8958· 
250 -3V 100 0.7 2.0 IMO 1400 9881+ min. 
250 -7V 6.3 11400 2200 25 9802· 
250 -3V 100 2.7 6.7 700000 1800 9DD3+ 
117 RMS max. DC Output Current 1.0 rnA max. 9005· 
270 RMS DC Output Current 5.0 rnA 9.· 
Triode Plate Supply Volts, 250 Fluorescent-Target Volts. 2SO 

EM84/ Triode-Plate ReSistance, 1 MO Triode-Grid Resistance, 0.47 MO 
Triode Grid-Supply Volts, -22 Triode Plate rnA, 0.06 Fluorescent Target rnA, 1.6 6FG6 Max. length of Dark Part of Target, when triode grid resistor = 0, 1.14 inch ._----

t For two tubes at stated plate to plate load. o For two tubes. 

SAFETY PRECAUTIONS 

Precautions must be exercised during the servicing of equipment em
ploying these devices to assure that the high voltage is adjusted to the 
recommended value and that any shielding components are restored to 
their intended positions before the equipment is operated. 

Caution: Operation of this tube outside of the maximum values indicated 
may result in either temporary or permanent changes in the X
radiation characteristics of the tube. Equipment design must be 
such that these maximum values are not exceeded. 

Note: For Safety Precautions that apply to all tubes, refer to page 93_ 



594 

Terminal Diagram Designations 

for Receiving Tubes 
T HE following pages contain comprehensive listings of domestic and 

foreign entertainment and industrial receiving tubes cross-referenced to 
a particular terminal diagram designation. 

The first index gives the terminal diagram designations in numerical
alphabetical sequence and lists the tube types having the same diagram. 

The second index lists receiving tube types in numerical-alphabetical
numerical sequence and gives the terminal diagram designation for each 
type. 

These indexes can be used as an initial approach to tube interchange
ability for types not listed in the Replacement Guides. Identical terminal 
diagram designations, however, do not imply interchangeability. Before any 
interchangeability is attempted, a comparison must be made of all essential 
data, including maximum ratings, performance characteristics and mechani
cal characteristics. Many types listed in these indexes are currently in RCA's 
line and data for them are included in this manual. For those tube types not 
currently in RCA's line, it may be necessary to consult other data sources. 

The pin or terminal coimections associated with the terminal diagram 
designations are given in the chart III. TERMINAL CONNECTIONS, im
mediately following the indexes. 

I. TERMINAL DIAGRAM DESIGNATION vs. TYPE NUMBER 
lAY2 4CG 40 4R 5AM 

lAY2 6AU4GT 6A3 OZ4A 45Z3 
lAY2A 6AU4GTA 10 oZ4G 

6AX4GT 20 5AP 
3C 6AX4GTH 26 4V lA3 

IB3GT 6CQ4 30 lC21 DA90 
IG3GT/IB3GT 6DA4 31 OA4G 
IG3GTA/le3GT 60E4 40 5AY 
IJ3 60M4A 45 5A 604 
lK3/1J3 6GK17 50 27 
lK3Af.1J3 6W4GT 37 5B 
IN2A 12AX4GT 4F 47 
8016 12AX4GTA '11 5AA 
OY30 12AX4GTB 35Z4GT 5BC 
U41 1204 4G 117Z4GT 955 

120M4 IV U74 
4AA 120M4A A61 U76 5BE 

lLE3 17AX4GT PY81 959 
17AX4GTA PY83 5AB 

4AJ 1704 PY88 7Y4 5BG 

0A3 170E4 PYBOO 7Z4 9005 

oA3A 17DM4 V153 5BO OC3 170M4A 5AC 

OC3A I9AU4 4K 7B4 565IA 
19AU4GTA 14A4 5651WA 003 220E4 

22 6073 o03A 25AX4GT 32 5AO 6073/oA2 

4C 25W4GT 4M 
lLA4 6074 
lLB4 6074/oB2 

5Z3 lA4P 6626/oA2WA 
80 4CK IB4P 5AG oAZ 
83 5823 34 lLH4 oA2WA 

OB2 
4CB 40 4R 5AL oB2WA 

1l7Z3 2A3 OZ4 35Y4 OC2 
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5BO 5E 5Y 6AM 6BW 
35W4 35 1E5GP 25CU6 lDN5 
36AM3 36 1N5GT HD94 lU5 
36AM3A 15 1P5GT HD96 DAF92 
36AM3B DF33 
50DC4 5F Zl4 6AR 6BX 
HY90 38 114 3V4 

39/44 5Z lT4 DL94 
5BS 1H5GT lU4 N19 

6X4 5K HD14 DE91 
6X4W 1F4 DF904 6C 
12X4 33 6A W17 19 
6202 48 6AS EZ90 5L 6CC 
EZ900 5V4G 6AA 6B5 6AR5 
HZ90 SV4GA 7A5 6AU U78 7C5 lS5 6CE 
U707 5M 14AS S663 
VSM70 6FS 14C5 AD17 

6F5GT 32AS DAF91 

5BT 12F5GT SOA5 6CK 
H63 EL22 6AX 6AU5GT 

6BG.6G 1LD5 
6CD6G KT81 6AV5GA 

6CD6GA 50 N148 6B 
6AVSGT 

5X4G 6FW5 
6DN6 5Y4G 6AB 2A5 12AV5GA 
6EX6 41 
19BG6G 5Y4GA 6SF5 42 

25AV5GA 

19BG6GA 5Y4GT 12SF5 43 
21EX6 5R 

12SF5GT 6CN 
25CD6GA lD5GT 6BA 6BY5GA 

2SCD6GB IG4GT 
6AO 3LF4 

25DN6 35Z5GT 6CO 
25EC6 5S 45Z5GT 6BG 6012 

1H4G 6AE 
6C4 

5C 6B4G EC90 60 
46 

7B5 L77 25B5 
49 

5T M8080 

648S 2T4 6AF QA2401 6E 
8136 SAS4 lQ5GT Ql77 6AJ8/ECH81 

SAS4A V741 
5AU4 6AM 2SYS 

5CE SAW4 6BQ6GT 6BH 2SZS 
6AB4 SAZ4 6BQ6GTB/6CU6 9006 
6664/6AB4 SR4GB 6CU6 6EC4 
EC92 SR4GYB 6DQ6A 6BS 6EC4/EYSOO 

SU4G 6DQ6B 2050 42 EC4A/PYSOO 
50 5U4GB 6GB3A 2050A moo 

6Z4 5V3 6GB6 PY500 
84/6Z4 SV3A/5AU4 6GB7 6BT 

5W4 6GW6 3AL5 6F 
50A 5W4GT 6GW6/6DQ6B 6ALS 6C6 

5AR4/GZ34 SY3G 12BQ6GTB/12CU6 12ALS 6D6 

GZ32 5Y3GT 12CU6 5726 78 

GZ34 5Z4 12DQ6A 6663/6ALS 

GZ37 2076/5R4GB 12DQ6B 6887 6G 
R-S2 GZ30 12GB3 7055 2A6 

U54 RJ2 12GB6 D2M9 12Z3 

U70 U50 12GB7 D63 75 
U52 12GW6/12DQ6B D152 

50E 
17BQ6GTB EAA91 6K 

5U 17DQ6A EB91 6Z5 
3DG4 6K5GT 17GB3 FAA91 

17GW6/17DQ6B HAA91 6L 
5E 5Y 25BQ6GT QA2404 1A6 

24A 1D5GP 25BQ6GTB/25CU6 XXA-91 1C6 
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6M 7AC 7AV 7BF 7BT 
185/25S 6W6GT lS4 5964 3AV6 

6Y6GA/6Y6G OL91 ECC91 4AV6 
60 7EY6 M8081 6AQ6 

6AC5GT 12EN6 7AW T2M05 6AT6 
6C5 12L6GT 1619 6AV6 
6C5GT 12V6GT 7BK 68F6 
6J5 12W6GT 7AX 3AU6 12AE6 
6J5GT 25C6G 6AE7GT 38A6 12AE6A 
6L5G 25L6 4AU6 12AJ6 
6P5GT 25L6GT /25W6GT 7AZ 6AH6 12AT6 
12J5GT 25W6GT 6SF7 6AH6WA 12AV6 
25AC5GT 35L6GT 12SF7 6AK6 128F6 
884 50C6G 6AU6 12FK6 
L63 50L6GT 7B 6AU6A 12FM6 
L63B 7408 6A6 6AU6WB 18FY6 

7581A 6E6 6BA6/EF93 18FY6A 
6R EL37 53 6B06 26C6 

2E5 KT-32 6HR6 OH77 
6AB5/6N5 KI66 7BA 6HS6 EBC90 
6E5 KT71 3Q4 12AC6 EBC91 
6U5 OSW3106 3S4 12AF6 HBC90 
EM35 OL92 12AU6 HBC91 
OSW3110 7AF OL95 128A6 
Y61 1F7G N17 12806 7BZ 

N18 12BL6 5AQ5 
6S 7AG 12CX6 6AQ5 

6AX5GT 6A06G 7BB 120Z6 6AQ5A 
6X5 6AF6G 3A4 12EA6 68F5 
6X5GT 12EK6 60S5 
6ZY5G 7AH 7BC 12EK6/120Z6/ 6HG5 
EZ35 6AE6G 

3A5 
12EA6 6HR5 

18G06A 110S5 
6W 7AJ 19HR6 12AQ5 

1F6 7A6 7BD 19H56 35B5 3BC5 19MR9 5085 
6X 7AK 3BC5/3CE5 26A6 6005 

1LA6 3CE5 5749 1A5GT 1LC6 4BC5 6660/6BA6 
6669/6AQ5A 

1C5GT 6AG5 7543 
BPM04 

lF5G 7AL . 6AK5/EF95 EF93 
EL90 

1G5G 1629 6AN5 EF94 
M8245 

1J5G 6BC5/6CE5 HF93 
N727 

1T5GT 7AM 6CE5 HF94 OL31 1N6G 6RHH2 M8108 7C 
408A PM04 2A7 

7AA 7AD 5654 W727 6Al 
lH6G 1LG5 6186 XF94 6AlS 

lLN5 9001 
7AB 9003 7BN 7ec 

1G6GT 7AP DP6l 2021 18FW6 
1J6G 3Q5GT EF95 5696 18FW6A 
1J6GT DL33 EF96 5696A 

N16 EF905 5727 7CH 
7AC PM05 3BE6 

5V6GT 7AO 7BO 3BY6 
,6EY6 lLC5 7BF 3CS6 
6EZ5 5J6 6J4 4CS6 
6L6 7AT 5MHH3 8532 68E6 
6L6G lR5 616 6BY6 
6L6G8 DK91 6J6A 7BR 6CS6 
6L6GC X17 6J6WA 6F4 l2AD6 
6V6 6MHH3 12BE6 
6V6GT 7AU 19J6 7BS 12EG6 
6V6GTA 6N6G 5844 9002 12GA6 
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7CH 7ev 7E 7FP 7R 
18FX6 12CN5 6F7 6FQ5A 6J7 
18FX6A 12CU5/12C5 6FY5/EC97 6J7G 
2606 12E05 7EA 6GK5/6FQ5A 6J7GT 
5750 12EH5 6CR6 EC95 6K7 
5915 12FX5 12CR6 EC97 6K7G 
EH90 17C5 PC95 6K7GT 
EK90 17CU5/17C5 7EG XC95 6S7 
HK90 19FX5 2BN4 XC97 6S7G 
HM04 25C5 2BN4A YC95 6U7G 
Xl? 25CA5 3BN4 6W7G 
X107 25EH5 3BN4A 7FQ 12J7GT 
X727 25F5A 6BN4 6FY6 12K7GT 

32ET5 6BN4A 7FI 1620 
7CK 32ET5A A863 

12U7 34G05 7EK 35GL6 EF37 
34G05A 12K5 50HC6 KTW63 

7CM 35C5 50HK6 KTZ63 
3BZ6 35EH5 7EN 7G W61 
3GB6/3CF6 50C5 3DT6 6C7 W63 
3CF6 50EH5 30Tr6A Z63 
3DK6 50FK5 40T6 7GA 
4BZ6 60FX5 40T6A 2FS5 7S 
4CB6 HL92 5GX6 2GU5 6DG6GT 4DE6 5HZ6 3fS5 6F6 
4DK6 7ey 6DT6 6FS5 6F6G 
4EW6 3B4WA 6Dl6A 6GU5 6F6GT 
4GM6 6GZ5 6GX6 6G6G 
4JH6 6GY6 7GM 6K6GT 4LU6 7D 6GY6/6GX6 2HA5 12A6 5EW6 2B7 6HZ6 2HM5/2HA5 25A6 5GM6 6B7 2HQ5 25A6GT 
5JK6 6B7S 7EW 3HM5/3HA5 25B6G 
5JL6 2CY5 3HQ5 1613 6AS6 7DC 3CY5 4HA5 1614 6BH6 1L6 3EA5 4HA5/PC900 1621 
6BJ6 4CY5 4HQ5 1622 
6BZ6 1DF 6CY5 6HA5 5824 
6CB6A/6CF6 3BN6 6EA5 6HA5-S 5881 6CF6 4BN6 6EY5 6HK5 6550 6DC6 6BN6/6KS6 7167 6HM5/6HA5 8417 
6DE6 6KS6 7717/6CY5 6HQ5 EM840 6DK6 12BN6 EC900 KT-63 6EW6 7F LC9ilO N63 
6GM6 7DK PC900 
6JH6 2AF4A/2AF4B 12A5 XC900 
6JK6 2AF4B/2DZ4 7T 
12AW6 20Z4 7FB 7GW 6L7 
12BZ6 3AF4A 12EL6 170Q6B 6L7G 
12DK6 3AF4A/3DZ4 7H 1612 
5725 3DZ4 7FL 607 
6661/6BH6 6AF4 2EN5 6E7 7U 
6662/6BJ6 6AF4A 6P7G 
6676/6CB6A 6AN4 7FP 7K 
7056 60Z4 2ER5 12A7 
EFl90 6T4 2FH5 7V 

EC94 2FQ5A 7Q 6B6G 
7ev 2GK5/2FQ5A 6H6 6Q7 

4GZ5 7DQ 3ER5 6H6GT 6Q7G 
6AS5 60L5 3FH5 12H6 6Q7GT 
6CA5 60L5/EL95 3GK5 25Z6 6R7 
6CU5 EL95 4GK5 25Z6GT 6R7G 
6EH5 6ER5 50Y6GT 6R7GT 
12C5 7DX 6ES5 117Z6GT 6T7G 
12CA5 50X6 6FH5 EB34 6Y7G 



598 RCA RECEIVING TUBE MANUAL 

7Y 8B 8C BET 8K 
12Q7GT 6N7 1E7GT 6CA7/EL34 6K8 
OH63 6N7GT 6Cll 6K8G 

6Y7G 8CB EL34 6K8GT 
7W 6llG 6S8GT 12K8 

25N6G 1635 12S8GT 8EI 
3A3 8KB 

7Z 8Bo 8CH 3A3/3B2 6FE5 
1A7GT 6AS7G 6AL7GT 3A3A/3B2 50FE5 
1B7GT 6BL7GT 3A3B 
1C7G 6BL7GTA 8Cl 3A3C BKN 
107G 6BX7GT 5670 3AW3 7355 

60N7 6386 3CZ3 
8A 6EA7 3CZ3A 8KO 

6A8 6EM7/6EA7 8CK 7591 
6A8G 6GL7 6AQ7GT 8F 7591A 
6A8GT 6SL7GT ECLI80 25A7GT 
608G 6SN7GT BKS 
12A8GT 6SN7GTA 8CN 8FU 50J4 
PH4 6SN7GTB 1E8 6B04 
X63 lOEG7 6B04A BLY 

lOEM7 BCP 8417 
BAA 12SL7GT lACS 8G 

70L7GT 12SN7GT lAOS 6C8G BMG 
12SN7GTA 6F8G 50JY6 

BAC 12SX7GT BCT 
7F7 13EM7 6BA7. 8GB BMH 
7N7 13EM7/15EA7 12BA7 6BL4 3CA3 
14AF7 5691 3CA3A 
14F7 5692 BOA BGC 
14N7 6080 IT6 6BK4 BMK 

6080WA 6BK4A 3CU3A 
8Ao 6082 80C 6BK4B 

6SA7GT 6336A 5636 6BK4C/6EL4A 8ML 
12SA7GT B36 6206 6EL4 6LH6A 

8AE 
B65 
ECC32 BOE BGo 8MQ 

7E7 ECC35 5639 6CB5 6U6 
7R7 5840 6CB5A 6U6A/6LH6A 
9U8A 8BE 5899 
14E7 12AHIGT 5902 BGH BMT 
14R7 3B2 3CX3 

8Al 
BBF BOG BGT 30F3 

7K7 6021 30F3A 
ID8GT 6111 25E5/PL36 

BRK 6112 N308 BMU 
8AL 6SG7 PL36 2CN3A 

7Q7 6SH7 BOI BH 3CN3A 
8AN 12SG7 5896 6J8G 3CN3B 

50Y7GT 12SH7 BOK BMX BHY 
50llG BBL 5718 7027 30B3 

BAD 7S7 5719 7027A 30B3/3CY3 

1l7L7/M7GT 14J7 6814 30J3 
BIB 

BBU BE 6CK4 BMY 
8AS 6B8 30A3/30H3 

3A8GT 26A7GT 6B8G BIC 
12C8 60Q5 BMI 

8AY BBW 30C3 
117N7GT 7F8 8EL 8lP 
l17P7GT 14F8 6AH4GT 60ll 8N 

6AB7 
BAY 8BI 8EP 8lX 6AC7 

6AD7G 7X7 KT88 12GC6 6AC7W 
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8N 8Y 9A 9AG 9AO 
6SJ7 7A7 66S0/12AU7 A 12B4A EFSll 
6SJ7GT 7A07 66S1/12AX7A 9Al 

EFS14 
6SJ7Y 7AG7 7025 LFlS3 
6SK7 7247 4BCS LF1S4 
6SK7GT 8V B152 4BQ7A XF1S3 
6SS7 7AH7 B309 4BQ7A/4Bll XF1S4 
12SJ7 7B7 B329 4BSS YF1S3 
12SJ7GT 7C7 B339 4BZ7 YFlS4 
12SK7 7G7 B739 4ESS/XCC1S9 
12SK7GT 7L7 B749 4KNS/4RHHS 9AU 
5693 7V7 B759 4RHH2 6686 

KT77 14A7 E81CC 5BK7A 9AX 
OSW3111 14C7 E82CC 5BQ7A 

14H7 ES3CC 5ESS/yCCIS9 6BC7 

8NB EF22 ECCS1 6AQS 6BJ7 

26HU5 WS1 ECC82 6AQS/ECC85 980 
W143 ECC83 6BC8/6BZ8 6V3A 

SNe W148 ECCI86 6BK7A EY81F 
26lW6 ECC801 6BK7B 

8W ECC802 6BQ7 9BF 
aND 7B6 ECC803 6BQ7/6BZ7/6BS8 llHM7 

lOG3 7C6 M8136 6BS8 12BV7 

IDG3A 7E6 M8I37 6BZ7 12BY7 

8NJ 
14B6 M8162 6BZ8 12BY7 A/12BV7 / 
14E6 PCC18 60J8/ECC8S 120Q7 

6EN4 QA2406 60T8 120Q7 

aNL 
ax QB309 6ESS/ECC189 12GN7 

3DR3 
14B8 XCC82 6JK8 12GN7A 

30S3 8Y 
6KN8/6RHH8 12HG7 

6AG4Y 9AC 9AQS/PCC85 12HG7 !l2GN7 A 

8NP 6AG7 6S4 120T8 12HL7 

,6MA6 6S4A 17EW8 EU80 

8Z 17EW8/HCC85 9BL 
80 32l7GT 9AD 6922/E88CC 7189 

6AE5GT 5879 7057 
6SQ7 9A 730S 9BO 
6SQ7GT 6AU7 9AE B719 6BK5 
6SR7 7AU7 5EA8 ECC85 12BK5 

6ST7 9AU7 5GH8A ECC88 25BK5 
6SZ7 12AE7 5K08 ECC180 9BY 
I2SQ7 12AT7/ECC81 5U8 ECC189 6Cl6 
12SQ7GT 12AT7WA 6AXS HCC85 6197 
12SR7 12AT7WB 6EA8 PCC85 6677 /6Cl6 
12SR7GT 12AU7 6GHS XCC189 
12SW7 12AU7 A/ECC82 6GH8A YCC189 9BX 
OBC3 12AV7 6GJ8 YCLl80 6AM4 
OSW31D5 12AX7 6Hl8 9CA 

12AX7A/ECC83 6K08 9AK 6AJ8 
8R 12AY7 6lM8 5X8 

6SA7 12AZ7 6MQ8 6X8A 9C8 
6SB7Y 12AllA 6MU8 19X8 6AF3 
I2SA7 12BH7 6U8 6Al3 
12SY7 12BH7A 6U8A/6KD8 9AO 6AL3/EY88 
OSW3104 12BZ7 9EA8 3EH7 6BR3/6RK19 

8S 12DW7 9GH8A 3EH7/XF183 6RKI9 

6SC7 
12FV7 9JW8/PCF802 3EJ7 12AF3/12BR3/ 

I2SC7 
5751 19EA8 3EJ7/XF184 12RK19 
58I4A 6678/6U8A 4EH7/lF183 12BR3 

aT 5963 7059 4EJ7/lF184 12RK19 

12B8GT 5965 CXF80 6EH7/EF183 16AQ3 

25B8GT 6072 ECF82 6EJ7 16AQ3/XY88 
6189 ECF802 6EJ7/EF184 17BR3 

8U 6211 lCF802 EF183 17BR3/17KI9 
7A8 6679/12AT7 PCF802 EF184 17RK19 
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!lca !lDC !lOX 9EU 9FT 
17Z3/PY81 6MG8 8AW8A 6GC5 6CH8 
20AQ3/LY88 8A8 8BABA l2AB5 
30AE3/PY88 9A8 8BH8 6973 9FX 
34R3 9A8/PCF80 8CX8 7061 5CL8 
EY88 ECF80 8EB8 5CL8A 
LY88 LCF80 8GN8 9EX 6CL8 
XY88 U3l9 8N8 6BM8/ECL82 6CL8A 

!lCF U329 10GN8 8B8 9CL8 
PCF80 10HF8 11BM8 19CL8A 

9BR7 XCF80 lOJA8/l0Ll8 l6A8/PCL82 l2BR7 10JT8 50BM8/UCL82 9Fl 
9CK 

9DE 10JY8 ECL82 5KZ8 
4RHH8 lOKR8 LCL82 6CM8 6CM6 6RHH8 lOLB8 LN119 6KZ8 60W5 ECC89 10LW8 N369 9KZ8 

!ICY 90) LOlY8 PCL82 
6B05/El84 6BW4 10Ll8 UCL82 !lG 
6CW5 l2BW4 lUE8 UCLS3 5686 
6CW5/ELS6 11KVS 
SB05 90P lll08 !lFA !lGA 
SCW5/XL86 6AR8 PCFS2 5BR8 6FG6/EM84 
10B05 6JH8 90l 5BRS/5FV8 6HU6/EM87 
10CW5 5AV8 5FV8 EM84 
lOCW5/LL86 90R 5MB8 EM87 
15CW5 6BC4 !IE 6BRS 
15CW5/PL84 5T8 6BRSA !lGC 
EL84 90S 6AK8/EABC80 6FVS l2J8 
EL86 SAS8 6T8 6FV8A 
LL86 6AS8 6TSA 6JN8 9GE 
M709 !lor 19T8 6MB8 5C08 
PL84 lRK23 

OL0l2 mC8 6C08 
XL84 lS2A/OY87 

EABC80 121N8 
XL86 19HV8 9GF 

3A2 9EC 19JN8/19CL8A 4U8 
9CY 3A2A 5B8 5CG8 

5AM8 OY87 5FG7 
6AM8 9EO 9FE 5GS7 
6AM8A 90W 6Al8 5BT8 5U8 5AT8 6H18 6AT8 9EF 6CG8 

9Cl 6AT8A 6CS7 9FG 6CG8A 
8CS7 3BU8/3GS8 6FG7 

6350 90X 3HS8 6GS7 

!IDA 6AU8 !lEG 4BU8 6U8 

5AN8 6AU8A 5BE8 4BU8/4GS8 7GS7 

6AN8 6AW8 50H8 4HS8 !lGK 6AW8A 4MK8 6AN8A 6BASA !lEN 6BU8 6GK6 
lOC8 6BH8 6CN7 6HS8 7KY6 
l2CT8 

6CX8 8CN7 6MK8 9KX6 
7060 

6EBS 6MK8A 9LA6 
7258 

6GN8 9EP 10GK6 

90C 6HF8 7058 9FK 16GK6 
7898 7054 4BL8 6HZ8 12F8 8077/7054 

4BL8/XCF80 61ES 9ED PCL800 
4KE8 6JT8 6688A 9F) 
5JW8 6N8 6BV8 !lGM 
5KE8 6KR8 !IER 6CU8 
6BL8 6KV8 6BJ8 !lFK 6BL8/ECF80 6LB8 6BN8 9GR 
6JW8/ECF802 6LF8 8BN8 17H3 60B5 
6KE8 6LQ8 120B5 
6LN8 6LY8 !lES 9FN 
6LN8/LCF80 6MV8 6CM7 6BY8 !lGS 
6LX8/LCF802 8AU8 8CM? EF80 12AL8 
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98 9HP 9KR 9lY 9NZ 
5687 17AY3 14JG8 lOGV8/lCl85 6GT5 

7044 17AY3A 7724/l4GT8 lIMS8 6GT5A 
17BH3 18GV8/PCl85 12GT5 

9HE 17BS3 9KS 19KG8 12GT5A 

6DC8 17BS3A/17DW4A 7360 ECl85 17GT5 

6DC8/EBF89 17CK3 lCl85 17GT5A 

EBF85 17DW4A 9KY PCl85 7868 

EBF89 22BH3 XCl85 
22BH3A 12F08 9PA 

9HF 25CK3 9Ll 61C8 

6DEl 9KU 6GW8/ECl86 9PB 
6DR7 9HR 12FR8 ECl86 7905 
6EW7 12Dl8 
6F07 12DV8 9KY 9M 9PC 
9RAll 12FX8 6CM 20EZ7 
10DEl 9HY 12 FX8A EZ4 
IODR7 12EM6 U?09 9Pl 
10EW? 9lC UU12 8106 
13DE7 9HX 6CY? 
13DR7 6DX8 lICY7 9MB 9PM 
13F07 6DX8/ECl84 6GY8 3JC6 

lODX8 9lK 3JC6A 

9HC lODX8/lCl84 ?551 9MP 3JD6 

12DE8 15D08/PCl84 ?558 5HG8 3KT6 

ECl84 5HG8/lCF86 4HM6 

9HK lCl84 9lP 6HG8 4HT6 

5BW8 6CG? 6HG8/ECF86 4JC6A 

6BW8 9HZ 6EV? 7HG8 4106 

12DK? 6Fa? ?HG8/PCF86 4KT6 

9Hl 6Fa?/6CG? EGF86 6HM6 

6939 9JO 6GU? lGF86 6JC6A 

12DY8 8CG? PCF86 6106 

9HN 
8Fa? 6KT6 

9JE 8Fa?/8CG? 9MO 
5Cl5 35Dl8 8GU? 6GM5 9PO 
6Cl5 12Fa7 

6JU8 

6DT5 9JF 9MR 6JU8A 

6EMS 5EU8 910 6 FA? 8JU8A 

8EM5 6EU8 6EQ? 9PV 
12DT5 6Kl8 9NH 6KA8 

9JG 12EQ? 6G85 8KA8 
9HP 6EH8 12Kl8 6G85/El500 

6AY3 20EQ? 13G85 9PX 
6AY38 9JT 13G85/Xl500 7695 
6BA3 7199 9lS 1?8814 

68H3 6EU? 18G85/ll500 9PZ 

6BH3A 9JU 2?G85/Pl500 8233 

6BS3 12DS? 9LT ElSOO 90A 
6BS3A 12DS?A 6ET? ll500 4GJ? /XCF801 
6CH3 6KU8 PlSOO 4GX7 
6CJ3/6CH3 9K 8ET? XlSOO 5GJ? /lCF801 
6CK3 5763 10KU8 5GX? 
6Cl3 641? 9NJ 5HB? 
6Cl3/6CK3 9lW 6HU8/ElL80 6GJ? 
6CM3 9KA 3GS8/3BU8 9NK 6GJ? /ECF801 
6DN3 6El8 3GS8 6GX? 
6DW4 19EZ8 4GS8 7788 6HB? 
6DW4B 4GS8/4BU8 9NW 6HD7 
12AY3 9KP 6HA6 8Gl? 
12AY3A 6FH8 9lY 6HB6/6HA6 8Gl? /PCF801 
12BS3 6GV8 EGI1l01 
12BS3A/12DW4A 9KR 6GV8/ECl85 9NY lCF801 
12Cl3 6FM8 9GV8 6Dl4/EG88 PCF801 
12DW4A 14GT8 9GV8/XCl85 EC88 XCF801 
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goo gOT 9RT 12AO 12CA 
6GF7 21LR8 2BJ2 7586 6Mll 
6GF7A 31LR8 2BJ2A 7895 16BXll 
lOGF7 8056 
10GFlA 90U 9RU 8203 12CT 
13GF7 6JG6 6ME8 8393 8058 
13GF7A 6JG6A 8628 8627 

6JR6 9RX 
gOG 6JT6 12CT3 12AS 120A 

6KM8 6JT6A 17CT3 7587 6AGll 
6KV6 25CT3 6AYll 

90J 6KV6A 12BF 
5BC3 12JT6 9S8 6BlO 120G 
5BC3A 12JT6A 25HX5 8B10 2AH2 

17JG6 
90K lllG6A 9SG 12BJ 120M 

6GJ5 17JT6 6DK3 6GE5 6ARll 
6GJ5A 17JT6A 6GF5 8ARIl 
12GJ5 17 KV6A 9U 6HB5 8B011 
12GJ5A 22JG6 1V2 12GE5 8CBll 
17GJ5 22J36A 2AV2 17GE5 llARll 
17GJ5A 22JR6 21HB5 ll80ll 

22 KV6,\ 9V 21HB5A 16BOll 90L 33JR6 5842/417A 
6JB6 12BL 120P 6JB6A gOY 9X 6AX3 6AFll 6JE6 6LC8 5847/404A 6BJ3 6ASll 6JE6A 8LC8 12AX3 6BDll 6JF6 gy 12BT3 15AFll .6JU6 90l 1AX2 17AX3 15BDll 6KM6 6LE8 1X2A 15BDllA 6L06/6JE6B lOLE8 12BM 
6L06/6JE6C 15LE8 1X2B/1X2A 6FJ7 
6LZ6 1X2C 120R 
6ME6 9RA DY80 1280 6GV5 

R-19 6GY5 5MJ6/6LQ5/ 6J06 6C10 16GY5 6JE6C 12J06 10F 6D10 17GV5 12JB6 17J06 ECH42 
12JB6A 6C9 X150 21GY5 
17 JB6 9RF 17C9 
17JB6A 9KC6 12BT 

120l 
17JF6 10K 6JlO 

6JZ8 
22JF6 9RG 5U9/LCF201 6Zl0/6JlO 

6LU8 
22JU6 1BC2 6U9/ECF201 10110 

6MF8 
22KM6 1BC2A 6X9/ECF200 13JlO 

13JZ8 
24JE6A 1BH2 ECF200 13110 

15MF8 
24LQ6/24JE6C 1BH2A ECF201 16LU8A 
24LZ6 LCF201 13ll0!13JlO 17JZ8 
31LQ6 9RJ 17AB10/17X10 2lLU8 
31LZ6 6KG6A/EL509 10L 17X10 23JZ8 
36MC6 21KQ6 6AF9 24JZ8 

29K06/PL521 ,5Y9/EFL200 12BU 25JZ8 
90M 29LE6 11AF9 6ALl1 

6G07 40KG6A/PL509 1lY9 6Gll 12EA 
19G07 EL509 11 Y9/LFL200 lOALl1 2DV4 

PL509 17Y9 12ALl1 6DV4 90P PL521 LFL200 6KT8 12BW 12EJ 9RL 
90T 6LT8 12AQ 6Jll 6FM7 

6KY8 8LT8 2CW4 13FM7 
6KY8A llLT8 2DS4 12BY 13FM7/15FM7 
6LR8 2EG4 6AVll 15FM7 
15KY8 9RO 6CW4 6Kll 
15KY8A 6MD8 6DS4 6Kll/6011 12EO 
17LD8 12MD8 13CW4 6011 6FY7 
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12EO 12FK 12FY 12GY 12HO 
llFY7 6JN6 30MB6 6HV5A 6MN8 
15FY7 12JN6 31JS6A 6HZ5 9MN8 

12ER 
17JN6 31JS6C 6HZ5/6JD5 

12HW 21JV6 35lR6 
6BAll 33JV6 12GZ llCFll 
8BAl1 12GA 16AK9 12HX 

12ES 
12FL 6BE3/6BZ3 23Z9 19DE3 

6HJ5 12BE3 
12HE7 21HJ5 17BE3/17BZ3 12HA 12HY 

12EV 3AW2 3BS2A 
6JB5/6HE5 12FM 12GC 3AW2A 3BT2 

6T9 14B111 3BW2 
12EW 12HB 3BW2/3BS2A/ 

2ASZ 12FN 12GO 6BVll 3BT2 
2AS2A 33GY7 6JZ6 12BVll 

33GY7A 21JZ6 121A 
12EY 50GY7A 30JZ6 12HC 26lX6 

6HE5 6EJ4A 
6JA5 12FP 12GF 121B 
5JB5 6BHll 6BNll 12HO 2BU2 
lOJA8 8BUll 8BNll 6BWI1 2BU2/2AH2 

12EZ 12GH 12HE 121E 
6ADlO 12FQ 21KA6 6AG9 6JH5 
68Fll 4HA7 8Al9 121H 6BYll 4HA7/4HC7 12GI 
6T1O 5HA7 6lB6 12HF 

12JF5 

lOTIO 6BW3 17HB25 
12AElO 12FR 12GK 6CD3 17HB25 
12BF11 4HC7 34CE3 6CE3 
12Tl0 6CG3/6CE3/ 407A 
13V10 12FS 12Gl 6CD3/6BW3 407A 
17BFll 38HE7 14BRI1 19CG3 
18AJ10 38HK7 25CG3 991 
24BFll 53HK7 12GS 991 

12FA I1BTll 12HG 5642 
6EA4 12FO llCHll 6MJ8 5642 
6EH4A 8BMll 

12HI 9BJ11 12GO 5672 6EH7 6KN6 6AH9 5672 
12FB 12FV 42KN6 9AH9 

6HF5 3AT2 12HK 
5678 

3AT2B 12GV 3Bl2 
5678 

12FC 3BN2 lAD2 3Bl2A 5734 
33GT7 3BN2A 1AD2A 3BM2 5734 

12FE 12FX 12GW 12HL 5783 
6AClO 17BW3 6KD6 21lG6 5783 
6AK10 17BZ3 6lF6 21lG6A 6360A 6UlO 
8AClO 22BW3 20lF6 6360A 

30KD6 12HN 9AKI0 12FY 36KD6 llCAll 6977 
9AMlO 

6JS6 36KD6/40KD6 6977 
12AC10A 

6JS6A 40KD6 12HR 8808 
12FJ 6JS6C 31AllO 8808 

6JM6 6lR6 12GY 
8950 

fiJM6A 21JS6A 6HS5 12HT 
17JM6A 23JS6A 6HV5 32HQ7 8950 
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II. TYPE NUMBER vs. TERMINAL DIAGRAM DESIGNATION 

Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal 
No. Diagram No. Diagram No. Diagram No. Diagram No. Diagram 

IA3 SAP ILA4 SAD 2CY5 7EW 3BT2 12HY 3KT6 9PM 
IA4P 4M ILA6 7AK 2021 7BN 3BU8/ 3LF4 6BA 
IASGT 6X lLB4 5AO 20S4 12AQ 3GS8 9FG 3Q4 7BA 
1A6 6L 1LC5 7AQ 20V4 12EA 3BW2 12HY 3Q5GT 7AP 
IA7GT 71 lLC6 7AK 2014 70K 3BW2/ 3S4 7BA 
lACS 8CP 1L05 6AX 2E5 6R 3BS2A/ 3V4 6BX 
lA02 12GV lLE3 4AA 2EG4 12AQ 3BT2 12HY 4AU6 7BK 
lAOZA lZGV lLGS 7AO ZENS 7FL 3BY6 7CH 4AV6 7BT 
lADS 8CP lLH4 SAG ZER5 7FP 3Bl6 7CM 4BCS 7BO 
lAX2 9Y lLNS 7AO 2FHS 7FP 3CA3 8MH 4BC8 9AJ 

lAYZ lAY2 IN2A 3C ZFQ5A 7FP 3CA3A 8MH 4BL8 90C 
lAYZA lAY2 INSGT SY ZFSS 7GA 3CB6/ 4BL8/ 
IB3GT 3C IN6G lAM 2GK5/ 3CF6 7CM XCE80 90C 
IB4P 4M IPSGT SY 2FQ5A 7FP 3CE5 7BO 4BN6 70F 
IB5/2SS 6M lQSGT 6AF 2GUS 7GA 3CF6 7CM 4BQ7A 9AJ 
IB7GT 7Z IRS 7AT 2HAS 7GM 3CN3A 8MU 4BQ7A/ 
IBC2 9RG IRK23 90T 2HQS 7GM 3CN3B 8MU 4BZ7 9AJ 
IBC2A 9RG IS2A/ 2T4 ST 3CS6 7CH 4BS8 9AJ 
IBH2 9RG OY87 90T 3A2 90T 3CU3A 8MK 4BU8 9FG 
IBH2A 9RG lS4 7AV 3A2A 90T 3CX3 8MT 

lC5GT 6X ISS 6AU 3A3 8El 3CY5 7EW 4BU8/ 
lC6 6L lT4 6AR 3A3/3B2 8EI 3Cl3 8EI 4GS8 9FG 
lC7G 71 lT5GT 6X 3A3A/ 3Cl3A 8EI 4Bl6 7CM 
lC2l 4V IT6 80A 3B2 8El 30B3 8MX 4BZ7 9AJ 
105GP SY lU4 6AR 3A3B 8EZ 30B3/ 4CB6 7CM 
lD5GT SR IUS 6BW 3A3C 8EI 3CY3 8MX 4CS6 7CH 
lD7G 7Z IV 4G 3A4 7BB 30C3 8MI 4CYS 7EW 
lD8GT 8AJ lV2 9U 3AS 7BC 30F3 8MT 4DF6 7CM 
10G3 8NO IX2A 9Y 3A8GT 8AS 30G4 SOE 40K6 7CM 
lDG3A 8NO 3AF4A 70K 30J3 8MX 40T6 7EN 

IONS 6BW lX2B/ 3AF4A/ 30K6 7CM 40T6A 7EN 
IESGP 5Y lX2A 9Y 30Z4 70K 30T6 7EN 4EH7/ 
lE7GT 8C lX2C 9Y 3AL5 6BT 30T6A 7EN LFl83 9AQ 
lE8 8CN 2A3 40 3AT2 l2FV 3014 70K 4EJ7/ 
lF4 SK 2AS 6B 3AT2B 12FV 3EAS 7EW LFl84 9AQ 
lF5G 6X 2A6 6G 3AU6 7BK 3EH7 9AQ 4ES8/ 
lF6 6W 2A7 7C 3AV6 7BT 3EH7/ XCCl899AJ 
lF7G 7AF 2AF4A/ 3AW2 l2HA XFl83 9AQ 4EW6 7CM 
lG3GT/ 2AF4B 70K 3AW2A l2HA 3EJ7 9AQ 4GJ7/ 

IB3GT 3C 3AW3 8El XCE801 9QA 

lG3GTA/ 2AF4B/ 3B2 8GH 3EJ7/ 4GK5 7FP 
IB3GT 3C 20Z4 70K 3B4WA 7CY XFl84 9AQ 4GM6 7CM 

IG4GT SS 2AH2 120G 3BA6 7BK 3ERS 7FP 4GS8 9LW 
IGSG 6X 2AS2 12EW 3BC5 7BO 3FHS 7FP 4GS8/ 
IG6GT 7AB 2AS2A 12EW 3BCS/ 3FSS 7GA 4BU8 9LW 
lH4G 5S 2AV2 9U 3CES 7BO 3GKS 7FP 4GX7. 9QA 
IHSGT Sl 2B7 70 3BE6 7CH 3GS8/ 4GIS 7CV 
lH6G 7AA 2BJ2 9RT 3BL2 12HK 3BU8 9LW 4HA5 7GM 
lJ3 3C 2BJ2A 9RT 3BL2A 12HK 3GS8 9LW 4HAS/ 
lJSG 6X 2BN4 7EG 3BM2 l2HK PC900 7GM 
lJ6G 7AB 2BN4A 7EG 3BN2 12FV 3HMS/ 4HA7 12FQ 
IJ6GT 7AB 2BU2 12JB 3BN2A l2FV 3HAS 7GM 4HA7/ 
lK3!lJ3 3C 2BU2/ 3BN4 7EG 3HQS 7GM 4HC7 12FQ 
lK3A/lJ3 3C 2AH2 12JB 3BN4A 7EG 3HS8 9EG 4HC7 12FR 
IL4 6AR 2CN3A 8MU 3BN6 70F 3JC6 9PM 4HM6 9PM 
lL6 70C 2CW4 12AQ 3BS2A 12HY 3JC6A 9PM 4HQ5 7GM 
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Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal 
No. Diagram No. Diagram No. Diagram No. Diagram No. Diagram 

4HS8 9FG 5HG8 9MP 6AE6G 7AH 6AU6A 7BK 6B13 12Bl 
41C6A 9PM 5HG8/ 6AE7GT 7AX 6AU6WB 7BK 6B16 7CM 
4JD6 9PM LCF86 9MP 6AF3 9CB 6AU7 9A 6B17 9AX 
41H6 7CM 5HZ6 7EN 6AF4 70K 6AU8 90X 6B18 9ER 
4KF8 90C 516 7BF 6AF4A 70K 6AU8A 90X 6BK4 8GC 
4KN8/ 51K6 7CM 6AF6G 7AG 6AV5GA 6CK 6BK4A 8GC 

4RHH8 9Al SlL6 7CM 6AF9 lOl 6AV5GT 6CK 6BK4B 8GC 
4KT6 9PM 51W8 90C 6AFll 120P 6AV6 7BT 6BK4C/ 
4U8 9GF 5K08 9AE 6AG4Y 8Y 6AVll 12BY 6El4A 8GC 
4LU6 7CM 5KE8 90C 6AG5 7BO 6AW8 90X 6BKS 9BO 
4RHH2 9Al 5KZ8 9FZ 6AG7 8Y 6AW8A 90X 6BK7A 9Al 
4RHH8 90E SU8 9GF 6AG9 12HE 6AX3 12BL 6BK7B 9Al 
5AM8 9CY 5M88 9FA 6AGll 120A 6AX4GT 4CG 6BL4 8GB 
5AN8 90A 5MHH3 7BF 6AH4GT 8EL 6AX4GTB 4CG 6BL7GT 8BO 
SAOS 7BZ SR4GYB ST 6AH6 7BK 6AXSGT 6S 6Bl7GTA 8BO 
5AR4/ 5T8 9E 6AH6WA 7BK 6AX8 9AE 6Bl8 90C 

GZ34 50A 5U4G 5T 6AH9 12Hl 6AY3 9HP 6BL8/ 
SAS4 ST SU4GB ST 6AKS/ 6AY3B 9HP ECF80 90C 
5AS4A ST 5HA7 12FO EF95 7BO 6AYll 120A 6BM8/ 
5AS8 90S 5U8 9AE 6AK6 7BK 6AZ8 9ED ECl8Z 9EX 
5AT8 90W SU9/ 6AK8/ 6B4G SS 6BN4 7EG 
5AU4 5T LCF201 10K EABC809E 6B5 6AS 6BN4A 7EG 
5AV8 90Z 5V3 ST 6AK10 12FE 6B6G 7V 6BN6/ 
5AW4 ST 5V3A/ 6Al3 9CB 6B7 70 6KS6 70F 
5AZ4 ST SAU4 ST 6AL3/ 6B7S 70 6BN8 9ER 
SB8 9EC SV4G Sl EY88 9CB 6B8 8E 6BNll 12GF 
SBC3 901 SV4GA SL 6ALS 6BT 6B8G 8E 6BOS/ 
SBC3A 901 SV6GT 7AC 6AL7GT 8CH 6BlO 12BF EL84 9CV 
SBE8 9EG SW4 ST 6ALll 12BU 6BA3 9HP 6B06GT EAM 
SBK7A 9Al SW4GT ST 6AM4 9BX 
SB07A 9Al SX4G SO 6AM8 9CY 6BA6/ 6B06GTB/ 
SBR8 9FA SX8 9AK 6AM8A 9CY EF93 7BK 6CU6 6AM 
SBR8/ SY3G ST 6AN4 70K 6BA7 8CT 6B07 9Al 

SFV8 9FA SY3GT ST 6ANS 7BO 6BA8A 90X 6B07A/ 
SBT8 9FE SY4G 50 6AN8 90A 6BA11 12ER 6BZ7/ 
SBW8 9HK SY4GA SO 6AN8A 90A 6BC4 90R 6BS8 9Al 
SCG8 9GF SY4GT SO 6AOS 7BZ 6BCS/ 6BR3/ 
SCL8 9FX SZ3 4C 6AOSA 7BZ 6CES 7BO 6RK19 9CB 
SCL8A 9FX SZ4 ST 6A06 7BT 6BC7 9AX 6BR8 9FA 
SC08 9GE 6A3 40 6A07GT 8CK 6BR8A 9FA 
SCZS 9HN 6A6 7B 6A08 9Al 6BC8/ 6BS3 9HP 
SOH8 9EG 6A7 7C 6A08/ 6BZ8 9Al 6BS3A 9HP 
S014 8KS 6A7S 7C ECC8S 9Al 6B04 8FU 6BS8 9Al 
SEA8 9AE 6A8 8A 6ARS 6CC 6B04A 8FU 6BU8 9FG 
SES8/ 6A8G 8A 6AR8 90P 6B06 7BK 6BV8 9FS 

YCC1899Al 6A8GT 8A 6AR11 120M 6B011 120P 6BVll 12HB 
SEU8 91F 6AB4 SCE 6ASS 7CV 6BE3/ 6BW3 12HF SEW6 7CM 6ABS/ 6AS6 7CM 6BZ3 12GA 6BW4 9Dl 
SFG7 9GF 6NS 6R 6AS7G 8BO 6BE6 7CH 6BW8 9HK 
SFV8 9FA 6AB7 8N 6AS8 90S 6BFS 7BZ 6BW11 12HO 
SGH8A 9AE 6ACSGT 60 6AS11 120P 6BF6 7BT 6BX7GT 8BO 
SG17/ 6AC7 8N 6AT6 7BT 6BFll 12EZ 6BYSGA 6CN LCF801 90A 6AC7W 8N 6AT8 90W 6BG6G 5BT 6BY6 7CH 5GM6 7CM 6AClO 12FE 6AT8A 90W 6BH3 9HP 6BY8 9FN SGS7 9GF 6AD6G 7AG 6AU4GT 4CG 6BH3A 9HP 6BYll 12EZ 5GX6 7EN 6A07G 8AY 6AU4GTA 4CG 6BH6 7CM 6BZ6 7CM 5GX7 90A 6AOlO 12EZ 6AU5GT 6CK 6BH8 90X 6BZ7 9Al SHB7 90A 6AE5GT 80 6AU6 7BK 6BH11 12FP 6BZ8 9Al 
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6C4 6BG 6CX8 90X 6EAS 9AE 6FS5 7GA 6GY6/ 
6C5 6Q 6CY5 7EW 6EBS 90X 6FV6 7FQ 6GX6 7EN 
6C5GT 6Q 6CY7 9lG 6EC4/ 6FVS 9FA 6GYS 9MB 
6C6 6F 6CZ5 9HN EY500 6EC4 6FVSA 9FA 6GZ5 7CY 
6C7 lG 6CZl 8ET 6EH4A 12FA 6FW5 6CK 6H6 7Q 
6CSG SG 604 5AY 6EH5 lCV 6FY5/ 6H6GT 7Q 
6C9 lOF 606 6F 6EHl 12FA EC97 7FP 6HA5 lGM 
6C10 12BQ 601 lH 6EH7/ 6FYl 12EO 6HAG 9NW 
6CM 9M 60SG SA EFIS3 9AQ 6G6G 7S 6HB5 12Bl 

6CA5 lCV 6010 12BQ 6EHS 91G 6G11 12BU 6HB6/ 
6CA1/ 60M 4CG 6E14A 12HC 6GB3A 6AM 6HAG 9NW 

El34 8ET 60B5 9GR 6E17 9AQ 6GB5 9NH 6HBl 9QA 
6CB5 8GO 60C6 7CM 6Ell 6GB5/ 6HE5 12EY 
6CB5A 8GO 60C8 9HE EFI84 9AQ El500 9NH 6HF5 12FB 
6CB6A! 60C8/ 6El4 8GC 6GB6 6AM 6HF8 90X 

6CF6 lCM EBF89 9HE 6EM5 9HN 6GBl 6AM 6HG5 7BZ 
6C03 12HF 60E4 4CG 6EM1/ 6GC5 9EU 6HG8 9MP 
6C06G 5BT 60E6 lCM 6EAl 8BO 6GE5 12Bl 6HG8/ 
6C06GA 5BT 60El 9HF 6EN4 8NJ 6GF5 12BJ ECF86 9MP 
6CE3 12HF 60G6GT lS 6EQl 9lQ 6GFl 9QO 6H15 12Fl 

6CE5 7BO 6018/ 6ER5 7FP 6GF1A 9QO 6HJ8 9CY 
6CF6 7CM ECC8S 9Al 6ES5 7FP 6GHS 9AE 6HK5 7GM 
6CG3/ 60K3 9SG 6ESS/ 6GH8A 9AE 6H18 9AE 

6CE3/ 60K6 7CM ECC1899Al 6GJ5 9QK 6HM5/ 
6C03/ 60l4/ 6ET7 9lT 6G15A 9QK 6HA5 lGM 
6BW3 12HF ECS8 9NY 6EUl 9lS 6G17 9QA 6HM6 9PM 

6CG7 9lP 6015 10Q 6EUS 91F 6G17/ 6HQ5 7GM 
6CG8 9GF 60l5/ 6EV5 lEW ECFS019QA 6HR5 7BZ 
6CGSA 9GF El9S 10Q 6EVl 9lP 6G1S 9AE 6HR6 lBK 
6CH3 9HP 60M4A 4CG 6EW6 lCM 6HS5 12GY 

6CH8 9FT 60N3 9HP 6EWl 9HF 6GKS/ 6HS6 lBK 
6C13/ 60N6 SBT 6EX6 SBT 6FQSA lFP 6HSS 9FG 

6CH3 9HP 60Nl 8BO 6EY6 lAC 6GK6 9GK 6HU6/ 
6CK3 9HP 60QS SlC 6EZ5 7AC 6GK17 4CG EM87 9GA 
6CK4 81B 60Q6A 6AM 6EZS 9KA 6Gll 8BO 6HU8/ 
6Cl3 9HP 60Q6B 6AM 6F4 7BR 6GMS 9MQ Ell80 9Nl 
6Cl3/ 60R7 9HF 6FS 5M 6GM6 7CM 6HVS 12GY 

6CK3 9HP 60S4 12AQ 6F5GT SM 6GNS 90X 6HVSA 12GY 
6Cl6 9BV 60S5 lBZ 6F6 7S 6GQ7 9QM 6HZS 12GY 
6Cl8 9FX 60TS 9HN 6F6G 7S 6GSl 9GF 

6Cl8A 9FX 60T6 lEN 6F6GT lS 6GTS 9NZ 6HZ5/ 
6CM3 9HP 60T6A lEN 6F7 lE 6GTSA 9NZ 610S 12GY 
6CM6 9CK 60T8 9Al 6F8G 8G 6GU5 lGA 6HZ6 lEN 
6CMl 9ES 60V4 12EA 6FAl 9MR 6GUl 9lP 6HZ8 90X 
6CMS 9FZ 60W4 9HP 6FOl 9HF 6GV5 120R 614 7BQ 
6CNl 9EN 60W4B 9HP 6FE5 SKB 6GVS 9lY 615 6Q 
6CQ4 4CG 60W5 9CK 6FGG/ 6GVS/ 615GT 6Q 
6CQS 9GE 60XS 9HX EMS4 9GA EClS5 9lY 616 7BF 
6CR6 lEA 60XS/ 6FG7 9GF 6GW6 6AM 616A 7BF 
6CS6 lCH EClS4 9HX 6FH5 7FP 6GW6/ 616WA 7BF 
6CSl 9EF 60Z4 10K 6FHS 9KP 60Q6B 6AM 611 7R 

6CU5 7CV 60ll SlP 6Fll 12BM 6GWS/ 611G lR 
6CU6 6AM 6ES 6R 6FM7 12El EClS6 9lZ 611GT 7R 
6CUS 9GM 6E6 lB 6FMS 9KR 6GX6 lEN 61SG SH 
6CW4 12AQ 6El lH 6FQSA lFP 6GXl 9QA 6nO 12BT 
6CWS 9CV 6EM 12FA 6FQl 9lP 6GYS 120R 6Jll 12BW 
6CW5/ 6EAS lEW 6FQ7/ 6GY6 7EN 61BS/ 

HS6 9CV 6EAl SBO 6CGl 9lP 6HES 12EV 
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6JB6 9QL 6KN8/ 6MK8A 9FG 6U8A/ 717 8V 
6JB6A 9QL 6RHH8 9AJ 6MN8 12HU 6K08 9AE 7N7 8AC 
6JG6A 9PM 6KR8 90X 6MQ8 9AE 6U9/ 707 8AL 
6JG8 9PA 6KS6 60F 6MU8 9AE EGF201 10K 7R7 8AE 
6JD6 9PM 6KT6 9PM 6MV8 90X 6UlO 12FE 7S7 8BL 
6JE6 9QL 6KT8 9QP 6N6G 7AU 6V3A 9BO 7V7 8V 
6JE6A 9QL 6KU8 9LT 6Nl 8B 6V6 7AG 7X7 8BI 
6JE8 90X 6KV6 9QU 6N7GT 8B 6V6GT 7AG 7Y4 5AB 
6JF6 9QL 6KV6A 9QU 6P5GT 60 6V6GTA 7AG 714 5AB 
6JG6 90U 6KV8 90X 6P7G 7U 6V7G 7V 8A8 90G 

6JG6A 90U 6KY8 90T 607 7V 6W4GT 4CG 8AC10 12FE 
6JH5 12J£ 6KY8A 90T 607G 7V 6W6GT 7AC 8AL9 12HE 
6JH6 7GM 6Kl8 9FI 607GT 7V 6W7G 7R 8ARll 120M 
6JH8 90P 6L5G 60 6011 12BY 6X4 5BS 8AU8 90X 
6JK6 7GM 6L6 7AG 6R7 7V 6X4W 5BS 8AW8A 90X 
6JK8 9AJ 6L6G 7AG 6R7G 7V 6X5 6S 8B8 9EX 
6JM6 12FJ 6L6GB 7AC 6R7GT 7V 6X5GT 6S 8B10 12BF 
6JM6A 12F J 6L6GC 7AC 6RHH2 780 6X8A 9AK 8BA8A 90X 
6JN6 12FK 6L7 7T 6RHH8 90E 6X9/ 8BAll 12ER 
6JN8 9FA 6L7G 7T 6RK19 9CB EGF200 10K 8BH8 90X 

6J06 9RA 6L86 12GJ 6S4 9AC 6Y6GA/ 8BMll 12FU 
6JR6 90U 6LB8 90X 6S4A 9AG 6Y6G 7AC 8BN8 9ER 
6JS6 12FY 6LG8 90Y 6S7 7R 6Y7G 8B 8BN11 12GF 
6JS6A 12FY 6LE8 901 6S7G 7R 6Y9/ 8B05 9CV 
6JS6G 12FY 6LF6 12GW 6S8GT 8GB EFL201 10l 8B011 120M 
6JT6 90U 6lF8 90X 6SA7 8R 614 50 8BUll 12FP 
6JT6A 90X 6lH6A 8Ml 6SA7GT 8AO 615 6K 8C8ll 120M 
6JT8 90U 6U6 8MQ 6S87Y 8R 6Z7G 8B 8eG7 9LP 
6JU6 90l 6U6A/ 6SC7 8S 6Zl0/ 8GM7 9ES 
6JU8 9PO 6lH6A 8MO 6SF5 6AB 6JlO 12BT 8GN7 9EN 

6JU8A 9PO 6U8 9GF 6SF7 7AI 6lY5G 6S 8GS7 9EF 
6JV8 90X 6lM8 9AE 6SG7 8BK 7A5 6AA 8GW5/ 
6JW8/ 6LN8 90G 6SH7 88K 7A6 7AJ Xl86 9GV 

ECF802 90G 6LN8/ 6SJ7 8N 7A7 8V 8GX8 90X 
6Jl6 12GO lGF80 90C 6SJ7GT 8N 7A8 8U 8EB8 90X 
6Jl8 120Z 6l06/ 6SJ7Y 8N 7A07 8V 8EM5 9HN 
6K5GT 5U 6JE6B 90l 6SK7 8N 7AG7 8V 8ET? 9lT 
6K6GT 7S 6l06/ 6SK7GT 8N 7AH7 8V 8F07 9lP 
6K7 7R 6JE6C 90l 6Sl7GT 880 7AU7 9A 8F07/ 
6K7G 7R 6108 90X 6SN7GT 880 7B4 5AC 8GG7 9lP 

6K7GT 7R 6LR6 12FY 6SN7GTA 880 7B5 6AE 8GJ7 9QA 
6K8 8K 6lR8 90T 6SN7GTB 8BO 786 8W 8GJ7/ 
6K8G 8K 6lT8 9Rl 6S07 80 787 8V PCF801 90A 
6K8GT 8K 6lU8 1201 6S07GT 80 7G5 6AA 8GN8 90X 
6Kll 12BY 6lX8/ 6SR7 80 7G6 8W 8GU7 9lP 
6K1l1 lGF802 90C 6SS7 8N 7G7 8V 8JU8A 9PO 

6011 128Y 6LY8 90X 6ST7 80 7E6 8W 8JV8 90X 
6KA8 9PV 6LZ6 90L 6SZl 8Q 7E7 8AE 8KA8 9PV 
6K06 12GW 6Mll 12GA 6T4 7DK 7EY6 7AC 8lG8 90Y 
6K08 9AE 6M88 9FA 6T7G 7V 7F7 8AC 8lT8 9Rl 

6KE8 90G 6M08 9RO 6T8 9E 7F8 8BW 9A8 90G 
6KG6A/ 6ME6 90l 6T8A 9E 7G7 8V 9AB/ 

EL509 9RJ 6ME8 9RU 6T9 12FM 7GS7 9GF PGF80 90G 
6Kl8 9lQ 6MF8 120Z 6nO 12EZ 7HG8 9MP 9AH9 12Hl 
6KM6 90l 6MG8 90G 6U5 6R 7HG8/ 9AKlO 12FE 
6KM8 90G 6MHH3 7BF 6U7G 7R PCF86 9MP 9AMlD 12FE 
6KN6 12GU 6MJ8 12HG 6U8 9A£ 7K7 8BF 9A08/ 

6MK8 9FG 7KY6 9GK PGG85 9Al 
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9AU7 9A llCHll 12GS 12AZl 9A 12DS7 9JU 12JN6 12FK 
9Blll 12FU llCY7 9LG 12AZlA 9A 12DS7A 9JU 12JN8 9FA 
9BR7 9CF llDS5 7BZ 12B4A 9AG 12DT5 9HN 12JQ6 9RA 
9CL8 9FX llFY7 12EO 12B8GT 8T 12DT8 9AJ 12JT6 9QU 
9GH8A 9AE llHM7 9BF 12BA6 7BK 12DV8 9HR 12JT6A 9QU 
9GV8 9LY llJE8 9DX 12BAl 8CT 12DW4A 9HP 12K5 7EK 
9GV8/ llKV8 9DX 12BD6 7BK 12DW7 9A 12K7GT 7R 

XCL85 9LY llLQ8 9EX 12BE3 12GA 12DY8 9JD 12K8 8K 
9JW8/ llLT8 9RL 12BE6 7CH 12DZ6 7BK 12KL8 9LQ 

PCF8029AE llMS8 9LY 12BF6 7BT 12EA6 7BK 12L6GT 7AC 

9KC6 9RF 1lY9 lOL 12BFll 12EZ 12EC8 9FA 12MD8 9RQ 
9KX6 9GK 1lY9/ 12BH7 9A 12ED5 7CV 12Q7GT 7V 
9KZ8 9FZ LFL200 10L 12BH7A 9A 12EG6 7CH 12RK19 9CB 
9LA6 9GK 12A5 7F 12BK5 9BQ 12EH5 7CV 12S8GT 8CB 
9RAll 9HF 12A6 7S 12BL6 7BK 12EK6 7BK 12SA7 8R 
9U8A 8AE 12A7 7K 12BN6 7DF 12EK6/ 12SA7GT 8AD 
10 4D 12A8GT 8A 12BQ6GTB/ 12DZ6/ 12SC7 8S 
lOALll 12BU 12AB5 9EU 12CU6 6AM 12EA6 7BK 12SF5 6AB 
lOBQ5 9CV 12AC6 7BK 12BR3 9CB 12EL6 7FB 12SF5GT 6AB 
10C8 9DA 12AC10A 12FE 12BR7 9CF 12EM6 9HV 12SF7 7AZ 

lOCW5 9CV 12AD6 7CH 12BS3 9HP 12EN6 7AC 12SG7 8BK 
10CW5/ 12AE6 7BT 12BS3A/ 12EQ7 9LQ 12SH7 8BK 

LL86 9CV 12AE6A 7BT 12DW4A9HP 12F5GT 5M 12SJ7 8N 
10DE7 9HF 12AEl 9A 12BT3 12BL 12F8 9FH 12SJ7GT 8N 
10DR7 9HF 12AElO 12EZ 12BV7 9BF 12FK6 7BT 12SK7 8N 
10DX8 9HX 12AF3/ 12BVll 12HB 12FM6 7BT 12SK7GT 8N 
10DX8/ 12BR3/ 12BW4 9DJ 12FQ7 9lP 12SL7GT SBD 

LCL84 9HX 12RK199CB 12BY7 9BF 12FQ8 9KT 12SN7GT 8BD 
lOEG7 8BD 12AF6 7BK 12FR8 9KU 12SN7GTA 8BD 
10EM7 8BD 12AH7GT 8BE 12FV7 9A 12SQ7 8Q 

10EW7 9HF 12AJ6 7BT 12BY7A/ 12FX5 7CV 12SQ7GT 8Q 
lOGF7 9QO 12AL5 6BT 12BV7/ 12FX8 9KV 12SR7 8Q 
10GFlA 9QD 12AL8 9GS 120Q7 9BF 12FX8A 9KV 12SR7GT 8Q 
10GK6 9GK 12ALll 12BU 12BZ6 7CM 12GA6 7CH 12SW7 8Q 
lOGN8 9DX 12AQ5 7BZ 12BZ7 9A 12GB3 6AM 12SX7GT 8BD 
lOGV8/ 12AT6 7BT 12C5 7CV 12GB6 6AM 12SY7 8R 

lCL85 9LY 12AT7 / 12C8 8E 12GB7 6AM 12TI0 12EZ 
10HE8 9DX ECC81 9A 12CA5 7CV 12GC6 8JX 12U7 7CK 
10JA8/ 12AT7WA 9A 12CL3 9HP 12GE5 12BJ 12V6GT 7AC 

10lZ8 9DX 12AT7WB 9A 12CN5 7CV 12GJ5 9QK 12W6GT 7AC 

10n8 9DX 12AU6 7BK 12CR6 7EA 12GJ5A 9QK 12X4 5BS 
10JY8 9DX 12AU7 9A 12CT3 9RX 12GN7 9BF 12Z3 6G 
10KR8 9DX 12AU7A/ 12CT8 9DA 12GN7A 9BF l3CW4 12AQ 
10KU8 9lT ECC82 9A 12CU5/ 12GT5 9NZ 13DE7 9HF 
lOlB8 9DX 12AV5GA 6CK 12C5 7CV 12GT5A 9NZ l3DR7 9HF 
lOlE8 9QZ 12AV6 7BT 12CU6 6AM 12GW6/ 13EM7 8BD 
lOlW8 9DX 12AV7 9A 12CX6 7BK 12DQ6B6AM 13EM7/ 
lOLl8 9DX 12AW6 7CM 1204 4CG 12H6 7Q 15EA7 8BD 
10110 12EZ 12AX3 12Bl 12DB5 9GR 12HE7 12ES l3FD7 9HF 
10110 12BT 12AX4GT 4CG 120E8 9HG 12HG7 9BF 13FM7 12EJ 

11 4F 12AX4GTA 4CG 120K6 7CM 12HG7/ l3FM7/ 
llAF9 10l 12AX4GTB 4CG 120K7 9HZ 12GN7A 9BF 15FM7 12EJ 
llARll 12DM 12AX7 9A 12018 9HR 12Hl7 9BF 13GB5 9NH 
llBM8 9EX 12AX7A/ 12DM4 4CG 12J5GT 6Q 13GB5/ 
l1BQll 12DM ECC83 9A 12DM4A 4CG 12J7GT 7R XL500 9NH 
llBTll 12GS 12AY3 9HP 120Q6A 6AM 12J8 9GC 13GFl 9QD 
llCAll 12HN 12AY3A 9HP 120Q6B 6AM 12J86 9Ql 13GF7A 9QD 
llCFll 12HW 12AY7 9A 120Q7 9BF 12JB6A 9Ql 13JlO 12BT 
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13JZ8 12DZ 17BB14 9NH lHAJlO 12EZ 22BW3 12FX 26 4D 
13V10 12EZ 17BE3! 18FW6 7CC 22DE4 4CG 26A6 7BK 
13Zl0 12BT 17BZ3 12GA 18FW6A 7CC 22JF6 9Ql 26A7GT 8BU 
13Zl0/ 17BFll 12EZ 18FX6 7CH 22JG6 9QU 26C6 IBT 

13JlO 12BT 17BH3 9HP 18FX6A lCH 22JG6A 9QU 26D6 lCH 
14A4 5AC 17BJ6 9Ql 18FY6 IBT 22JR6 9QU 26HU5 8NB 
14A5 6AA 17BQ6GTB 6AM 18FY6A IBT 22JUS 9Ql 26lW6 8NC 
14A7 8V 17BR3 9CB 18GB5/ 22KM6 9Ql 26lX6 12JA 
14AF7 8AC 11BR3! LL500 9NH 22KV6A 9QU 21 SA 
14B6 8W 17K19 9CB 23JS6A 12FY 

14B8 8X 17BS3 9HP 18GD6A IBK 23JZ8 12DZ 21GBS! 
14BLll 12GC 17BS3A/ 18GV8! 23Z9 12GZ PlSOO 9NH 
14BR11 12Gl 17DW4A9HP PCl85 9lY 24A SE 29KQ6! 
14CS 6AA 17BW3 12FX 19 6C 24BFll 12EZ PlS21 9RJ 
14C7 8V 17BZ3 12FX 19AU4 4CG 24JE6A 9Ql 29lE6 9RJ 
14E6 8W 17C5 7CV 19AU4GTA 4CG 24JZ8 12DZ 30 4D 
14E7 8AE 17C9 10F 19BGSG SBT 24lQ6! 30AE3! 
14F7 8AC 17CK3 9HP 19BG6GA SBT 24JE6C 9Ql PY88 9CB 
14F8 8BW 11C13 9RX 19CG3 12HF 24lZ6 9Ql 30JZ6 12GD 

14GT8 9KR 17CUS! 19CL8A 9FA 25A6 7S 30KDS 12GW 
14H7 8V 17C5 lCV 19DE3 12HX 25A6GT 7S 30M~S 12FY 
14J7 8Bl 17D4 4CG 19EA8 9AE 25A7GT 8F 31 4D 
14JG8 9KR 17DE4 4CG 19EZ8 9KA 25AC5GT 6Q 31ALlO 12HR 
14N7 8AC 17DM4 4CG 19FX5 lCV 25AV5GA 6CK 3IJS6A 12FY 
14R7 8AE 17DM4A 4CG 19GQl 9QM 25AX4GT 4CG 3IJS6C 12FY 
IS SF 17DQ6A 6AM 19HRS IBK 25B5 6D 31lQ6 9Ql 
15AF11 12DP 17DQSB 6AM 19H56 IBK 25BSG 7S 31lR8 9QT 
lSBD11 12DP 17DW4A 9HP 19HV8 9FA 2SB8GT 8T 31lZ6 9Ql 
15BD11A 12DP 17EW8 9AJ 19J6 IBF 2SBK5 9BQ 32 4K 

15CWS 9CV 17EWS! 19JN8! 25BQ6GT 6AM 32A5 6AA 
15CWS! HCC8S 9AJ 19C18A 9FA 25BQ6GTB! 32ET5 lCV 

PL84 9CV 17GB3 6AM 19KG8 9lY 25CU6 6AM 32ETSA 7CV 
15DQ8! 17GE5 12BJ 19MR9 IBK 25C5 7CV 32HQ7 12HT 

PCl84 9HX 17GJS 9QK 19T8 9E 25C6G 7AC 32l7GT 8Z 
15FM7 17GJ5A 9QK 19X8 9AK 25CA5 7CV 33 5K 
lSFY7 12£0 11GT5 9NZ 20 4D 25CD6GA 5BT 33GT7 12FC 
lSKY8 9QT 17GTSA 9NZ 20AQ3/ 25CDSGB 5BT 33GY7 12FN 
15KY8A 9QT 17GV5 12DR lY88 9CB 25CG3 12HF 33GY7A 12FN 
ISlE8 9al 17GW6! 20EQl 9lQ 25CK3 9HP 33JR6 9QU 
15MF8 12DZ 17DQ6B6AM 20m 9PG 25C13 9RX 33JVS 12FK 

16A8! 17H3 9FK 20lFS 12GW 25CU6 SAM 34 4M 
PCL82 9EX 17HB25 17HB25 21EXS SBT 25DNS 5BT 34C[3 12GK 

ISAK9 12GZ l7JB6A 9Ql 21GY5 12DR 25ES! 34GDS 7CV 
ISAQ3 9CB l7JFS 9Ql 21HB5 12BJ Pl3S 8GT 34GD5A lCV 
ISAQ3! l7JG6 9QU 21HB5A 12BJ 25ECS 5BT 34R3 9CB 

XY88 9CB 17JG6A 9QU 21HJ5 12FL 25EH5 lCV 35 5E 
16BQH 12DM l7JM6A 12FJ 2USSA 12FY 25F5A 7CV 35B5 7BZ 
lSBXH 12CA l7JNS 12FK 21JV6 12FK 25HX5 9SB 35C5 7CV 
lSGK6 9GK l7JQ6 . 9RA 2UZ6 12GD 25JZ8 12DZ 35DZ8 9JE 
16GY5 12DR 17JT6 9QU 21KAS 12GH 2516 7AC 35EHS lCV 

16lU8A 12DZ 17JT6A 9QU 21KQS 9RJ 25l6GT! 35Gl6 7FZ 
17AB10! l7JZ8 12DZ 21lG6 12Hl 25W6GTlAC 35l6GT lAC 

l7XI0 12BT 17KVSA 9QU 21lG6A 12Hl 25N6G 7W 35lRS 12FY 
17AX3 12Bl l7LD8 9QT 21lR8 9QT 25W4GT 4CG 35W4 5BQ 
17AX4GT 4CG 17RKI9 9CB 2lLU8 12DZ 25WSGT 7AC 35Y4 5Al 
17AX4GTA 4CG 17X10 12BT 22 4K 25Y5 6E 35Z4GT 5AA 
17AY3 9HP l7Z3! 22BH3 9HP 25ZS 7Q 35Z5GT SAD 
17AY3A 9HP PY81 9CB 22BH3A 9HP 25ZSGT 7Q 3S 5E 
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36AM3 5BQ 1l7l7/ 5842/ 6677/ 8058 12CT 
36AM3A 5SQ M7GT 8AO 417A 9V 6Cl6 9BV 8077/ 
36AM3B 5BQ 1l7N7GT 8AV 5844 7BF 6678/ 7054 9GK 
36KD6 12GW 1l7P7GT 8AV 5847/ 6U8A 9AE 8106 9Pl 
36KD6/ 1l7Z3 4CB 404A 9X 6679/ 8136 5C 

40KD6 12GW 1l7Z4GT 5AA 5879 9AD 12AT7 9A 8203 12AQ 
36MC6 9Ql 117Z6GT 7Q 5881 7S 6680/ 8393 12AQ 
37 SA 407A 407A 5896 8Dl 12AU7A 9A 8417 7S 
38 5F 408A 7BD 5899 8DE 6681/ 8532 7BQ 
38HE7 12FS 884 6Q2 5902 8DE 12AX7A 9A 8627 12CT 

38HK7 12FS 955 5BC 5915 7CH 6688A 9EQ 8628 12AQ 
39/44 SF 959 5BE 5963 9A 6814 8DK 8808 8808 
40 4D 991 991 5964 7BF 6887 6BT 9002 7BS 
40KD6 12GW 1612 7T 5965 9A 6922/ 9001 7BD 
40KG6A/ 1613 7S 6005 7BZ E88CC 9Al 9003 7BD 

Pl509 9Rl 1614 7S 6012 6CO 6939 9Hl 9005 5BG 
41 6B 1619 7AW 6021 8DG 6973 9EU 9006 6BH 
42 6B 1620 7R 6072 9A 6977 6977 A61 4G 
42EC4A! 1621 7S 6073 5BO 7025 9A A863 7R 

PY500 6EC4 1622 7S 6073/ 7027 8HY AD17 6AU 

42KN6 12GU 1629 7Al OA2 5BO 7027A 8HY B36 8BD 
43 6B 1635 8B 6074 5BO 7044 9H B65 8BD 
45 4D 2050 6BS 6074/ 7054 9GK B152 9A 
45Z3 SAM 2050A 6BS OB2 5BO 7055 6BT B309 9A 
45Z5GT 6AD 2076/ 6080 8BD 7056 7CM B329 9A 
46 5C 5R4GYB 5T 6080WA 8BD 7057 9Al B339 9A 
47 5B 5636 8DC 6082 8BD 7058 9EP B719 9Al 
48 6A 5639 8DE 6111 8DG 7059 9AE B739 9A 
49 5G 5642 5642 6112 8DG 7060 9DA B749 9A 
50 4D 5651A 5BO 6186 7BD 7061 9EU B759 9A 

50A5 6AA 5651WA 5BO 6189 9A 7167 7EW BPM04 7BZ 
50B5 7BZ 5654 7BD 6197 9BV 7189 9Bl CXF80 9AE 
50BM8/ 5663 6CE 6202 5BS 7199 9JT D2M9 ' 6BT 

UCl8Z 9EX 5670 8Cl 6206 8DC 7247 9A D63 6BT 
50C5 7CV 5672 5672 6211 9A 7258 9DA D152 6BT 
50C6G 7AC 5678 5678 6336A 8BD 7308 9Al DA90 5AP 
50DC4 5BQ 5686 9G 6350 9Cl 7355 8KN DAF91 6AU 
50EH5 7CV 5687 9H 6360A 6360A 7360 9KS DAF92 6BW 
50FES 8KB 5691 8BD 6386 8Cl 7408 7AC DF33 5Y 
50FK5 7CV 5692 8BD 6417 9K 7543 7BK DF91 6AR 

50GY7A 12FN 5693 8N 6485 5C 7551 9lK DF904 6AR 
50HC6 7FZ 5696 7BN 6550 7S 7558 9lK DH63 7V 
50HK6 7FI 5696A 7BN 6626/ 7581A 7AC DH77 7BT 
50lY6 8MG 5718 8DK OA2WA 580 7586 12AQ DK91 7AT 
50l6GT 7AC 5719 8DK 6660/ 7587 12AS DL012 9E 
50X6 7DX 5725 7CM 6BA6 78K 7591 8KQ DL31 6X 
50Y6GT 7Q 5726 6BT 6661/ 7591A 8KQ Dl33 7AP 
50Y7GT 8AN 5727 7BN 6BH6 7CM 7695 9PX Dl91 7AV 
50Z7G 8AN 5734 5734 6662( 7717/ Dl92 7BA 
53 7B 5749 7BK 6816 7CM 6CYS 7EW Dl94 6BX 

53HK7 12FS 5750 7CH 6663/ 7724/ Dl95 7BA 
60FX5 7CV 5751 9A 6Al5 6BT 14GT8 9KR DP61 7BD 
70l7GT 8AA 5763 9K 6664/ 7868 9Nl DY30 3C 
75 6G 5783 5783 6AB4 5CE 7895 12AQ DY80 9Y 
78 6F 5814A 9A 6669/ 7898 9EP DY87 9DT 
80 4C 5823 4CK 6AQ5A 7BZ 7905 9PB E81CC 9A 
83 4C 5824 7S 6676/ 8016 3C E82CC 9A 
84/6l4 50 5840 80E 6CB6A 7CM 8056 12AQ E83CC 9A 
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Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal 
No. Diagram No. Diagram No. Diagram No. Diagram No. Diagram 

EAA91 6BT EF190 7CM KT77 8N OC2 SBO U70 SAA 
EABC80 9E EF8ll 9AQ KT81 6AA OC3 4AJ U74 SAA 
EB34 7Q EF8l4 9AQ KT88 8EP OC3A 4AJ U76 5BS 
EB91 6BT EF90S 7BD KTW63 7R 003 4AJ U78 SBS 
EBC90 7BT EFL200 lOL KTL63 7R OD3A 4AJ U707 SDA 
EBC91 7BT EFL201 lOL L63 6Q OSW3104 8R U709 9M 
EBF8S 9HE EH90 7CH 163B 6Q OSW31OS 8Q UCL82 9EX 
EBF89 9HE EK90 7CH L77 6BG OSW3106 7AC UCL83 9EX 
EC88 9NY EL22 6AA LC900 7GM OSW3l10 6R UU12 9M 
EC90 6BG EL34 8ET LCF80 9DC OSW3111 8N VIS3 4G 

EC92 SCE EL37 7AC LCF86 9MP OZ4 4R V74l 6BG 
EC94 7DK EL84 9CV LCF201 10K OZ4A 4R VSM70 SBS 
EC95 7FP EL86 9CV LCF801 9QA OZ4G 4R W17 6AR 
EC97 7FP EL90 7BZ LCF802 9AE PC9S 7FP W6l 7R 
EC900 7GM EL9S 70Q LCL82 9EX PC900 7GM W63 7R 
ECC32 8BD ELl80 9BF LCL84 9HX PCC18 9A W81 8V 
ECC35 8BD ELSOO 9NH LCL85 9LY PCC85 9AJ Wl43 8V 
ECC8l 9A EL509 9RJ LFl83 9AQ PCF80 9DC W148 8V 
ECC82 9A EM35 6R LFl84 9AQ PCF82 9DX W727 7BK 
ECC83 9A EM84 9GA LF200 10L PCF86 9MP X17 7AT 

ECC85 9Al EM87 9GA LFL200 10L PCF801 9QA X63 8A 
ECC88 9Al EM840 7S LL86 9CV PCF802 9AE X77 7CH 
ECC89 9DE EY8lF 9BD LL500 9NH PCL82 9EX Xl07 6CH 
ECC91 7BF EY88 9CB LN1l9 9EX PCL84 9HX Xl 50 12BQ 
ECC180 9Al EY500 6EC4 LY88 9CB PCL85 9LY X727 7CH 
ECCl86 9A EZ4 9M LZ319 9DC PCL800 9GK XC95 7FP 
ECCl89 9Al EZ35 6S LZ329 9DC PH4 8A XC97 7FP 
ECC801 9A EZ90 5BS M709 9CV PL36 8GT XC900 7GM 
ECC802 9A EZ900 5BS M8080 6BG PL84 9CV XCC82 9A 
ECC803 9A GZ30 5T M808l 7BF PL500 9NH XCC189 9Al 

ECF80 90G GZ32 5DA M8108 7BK PL509 9Rl XCF80 9DG 
ECF82 9AE GZ34 5DA M8136 9A PL521 9Rl XGF801 9QA 
ECF86 9MP GZ37 5DA M8137 9A PM04 7BK XGL85 9LY 
ECF200 10K H63 5M M8l62 9A PM05 7BD XF94 7BK 
EGF201 10K HAA9l 6BT M8245 7BZ PY8l 4G XF183 9AQ 
ECF801 9QA HBG90 7BT N16 7AP PY83 4G XFl84 9AQ 
ECF802 9AE HBG9l 7BT NI7 7BA PY88 4G 9GV XL84 
ECH42 l2BQ HCG85 9Al NI8 7BA PYSOO 6EG4 XL86 9GV 
EGL82 9EX HDI4 5Z NI9 6BX PY800 4G XL500 9NH 
ECL84 9HX HD94 6AM N63 7S QA2401 6BG XXA-9l 6BT 

ECL8S 9LY H096 6AM N148 6AA QA2404 6BT XY88 9CB 
ECL86 9LZ HF93 7BK N308 8GT QA2406 9A Y61 6R 
ECLl80 8CK HF94 7BK N369 9EX QB309 9A YC95 7FP 
EF22 8V HK90 7CH N727 7BZ QL77 6BG YCC189 9Al 
EF37 7R HL92 7CV OA2 5BO R-19 9Y YCLl80 9Al 
EF80 9FN HM04 7CH OA2WA 5BO R-S2 5DA YF183 9AQ 
EF93 7BK HY90 SBQ OA3 4Al Rl2 ST YFl84 9AQ 
EF94 7BK HZ90 5BS OA3A 4AJ T2M05 7BF Zl4 SY 
EF9S 7BD KT-32 7AC OA4G 4V U4l 3C Z63 7R 
EF96 7BD KT-63 7S OB2 5BO U50 5T 

EFI83 9AQ KT66 7AC OB2WA 5BO U52 5T 
EF184 9AQ KT71 7AC OBC3 8Q US4 5DA 
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III. TERMINAL CONNECTIONS 

This chart gives the pin or termi
nal connections for each terminal 
diagram designation referred to in 
this manual. The following tabula
tion gives the meaning of each of 

the symbols, letter combinations or 
subscripts, used in this chart and 
on the basing diagrams in the 
Technical Data Section. 

DJA = Deflecting Elec
trode A 

DJB = Deflecting Elec
trode B 

F = Filament End (Un
polarized) 

F+ = Filament End 
(Positive only) 

F- = Filament End 
(Negative only) 

FM = Filament Tap 
G = Grid 

G1. G2, etc. = Grid No.1, Grid 
No.2, etc. 

H = Heater End (Un
polarized) 

B = Beam Power Unit 
o = Diode Unit 

HP = Heptode Unit 

LEITER COMBINATIONS 

HA = Heater End A 
Hn = Heater End B 
HI = Heater Insulator 

HM = Heater Tap 
IC = Do Not Use 
IS = Internal Shield 

(EI ectrostatic) 
JPR = Jumper End 

K = Cathode 
LC = May be used on Iy 

under Limited 
Conditions 

NC = No Internal Con
nection 

NC G = No Base Connec
tion, glass tube 

SUBSCRIPTS FOR MULTIUNIT TYPES 
HX = Hexode Unit 

P = Pentode Unit 
T = Triode Unit 

{
Plate (Vacuum 

P = tubes) 
Anode (Gas-filled 
tubes) 

PA = Plate A 
PB = Plate B 

RCJ = Ray-Control EI ec
trode 

REM = Remote 
S = Metal Shell 

S M = Shell connec
tion, metal 
tube 

SHP = Sharp 
STR = Starter 

TA = Fluorescent Target 
TC = Top Cap • = Gas Filled 

TR = Tetrode Unit 
1, 2, 3, etc. = No.1, No.2, 

No.3, etc. 

Please note that the terminal dia
grams given in the Technical Data 
Section are bottom views of the 
tube base and that the pins or 
terminals are numbered clockwise. 
For essentially all modern tubes the 
spacing between pin No. 1 and the 
pin having the highest number is 
somewhat larger than the spacing 

between all the other pins. For octal 
based types, the "key" for orienting 
the tube when it is inserted in a 
socket also serves to designate pin 
No.1, which is the first pin clock
wise from the key. The following 
diagrams illustrate the terminal con
figuration of receiving tubes most 
commonly encountered. 

7-Pin 9-Pin 

Miniature Duodecar Octal 
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Termi- PIN NUMBER nal 
Dia- 1 
gram 4 5 & 9 10 11 12 TC 

1AY2 F F P 

3C LC F LC LC LC LC F,IS LC P 

4AA* F P NC NC IC G NC F 

4AJ* NC K JPR P JPR NC 

4C PD2 POI F F 

4CB IC NC H H P K NC 

4CG IC IC K P H H 

4CK* P IC K STR IC IC K 

40 F P G F 

4F F P F G 

4G H P K H 

4K F P G2 F Gl 

4M F+ P G2 F-,G3 GI 
4R* S NC P2 PI NC K 

4V* NC K NC P STR NC 

4Z H P NC NC NC NC K H 

5A H P G K H 

5AA NC H NC P H K 

5AB H NC PD2 NC NC POI K H 

5AC H P NC NC NC G K H 

5AD F+ P GZ NC NC GI NC F-,G3 

5AG F+,IS PT NC PO NC GT NC F-

5AL H P NC HM NC NC K H 

5AM H P IC K NC P H 

5AP H P K NC IC P H 

5AY G NC H H K NC P 

5B F P GI G2 F 

5BC H P G H K 

5BE F+ G2 G3 F- F- TOP LEAD P 
BOT LEAD GI 
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Termi- PIN NUMBER lal 
Oil- 1 
gram 2 4 6 8 9 10 11 12 Tt 

5BG HB K P HA HA 

5BO· P K IC K P IC K 

5BQ NC NC H H P HL K 

5BS P02 NC H H NC POI K 

5BT NC H K,G3 NC GI NC H G2 P 

5C F P GI G2 F 

5CE P NC H H NC G K 

50 H P02 POI K H 

50A IC H P02 POI H,K 

50E F IC F P02 POI 

5E H P G2 K H GI 

5F H P G2 K,G3 H GI 

5K F+ P GI G2 F-,G3 

5L NC H P02 POI H,K 

5M NC G H NC P NC H K G 
S M 

5Q NC NC P02 NC POI NC F F 

5R NC F P G2 NC F NC Gl 

5S NC F P NC G NC F NC 

5T NC G F P02 POI F 
S M 

5U H P NC H K GI 
5Y BC F+ P G2 NC F-,IS NC GI 

G3 
5Z BC F+ PT NC PO F- NC GT 
6A H P G2 GI K H 

6AA H P G2 NC NC GI K,G3 H 
6AB NC G K G P H H 

S M 

6AO NC H HM P H K 
&AE H P G2 NC NC GI K,G3 H 
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Termi- PIN NUMBER nal 
Oia- 1 
gram 2 5 9 10 11 12 TC 

6AF NC F+ P G2 GI F-,G3 NC 

6AM NC H NC G2 GI H K,G3 P 

6AR F-,IS P G2 NC F-,IS GI F+ 
G3 G3 

6AS H PT2 PTl GTl K H 

6AU F- NC PO G2P PP GIP F+ 
G3P 

6AX F+ PP G2P PO NC GIP NC F-
G3P 

68 H P G2 GI K H 
G3 

68A F+ P G2 NC NC Gl FM F-
G3 

68G P IC H H P G K 

68H P K H H P NC K 
6as" H P NC GI G2 H K 

68T K02 POI H H KOI IS P02 

68W F- PP G2P PO NC GIP F+ 
G3P 

68X F- P G2 NC FM,G3 GI F+ 

6C F PT2 GT2 GTl PTl F 

6CC GI G3,K H H P G2 NC 

6CE" Gl K H H G2 NC P 
6CK GI H G3,K P H GZ 
6CN KOZ H IC P02 POI H KOI 
6CO· K H GI P H G2 
60 H PT2 PTl GTl K H 

6E H P02 K02 KOI POI H 

6EC4 IC P HI H H Ie P P IC K 
6F H P G2 G3 K,IS H GI 
6G H PT P02 POI K H GI 
6J H ES P02 K POI H 
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Termi- PIN NUMBER aal 
Oil- 1 
grail 2 3 4 5 6 1 8 I 1. 11 12 TC 

6K HM H P02 K POI H 

6L F P G2 GI G3,G5 F G4 

6M F PT P02 POI GT F 

6Q NC G H P G H K 
S M 

6R H PT GT lA K H 
RCJ 

6S NC G H P02 POI H K 
S M 

6W F+ PP G2P P02 POI F- GIP 
G3P 

6X NC F+ P G2 GI F-,G3 

7AA NC F+ PT P02 POI Gl F- NC 

7AB NC F PT2 Gl2 GIl PTl F NC 

7AC NC G H P G2 GI H K 
S M G3 

7AF NC F+ PP P02 POI G2P F-' NC GIP 
G3P 

lAG NC H RCJB RCJA TA H K 

7AN NC H PT Pl G H K 
REM SHP 

lAJ H K02 P02 NC IS POI KOI H 

lAK F P G2 GI G3,G5 G4 NC F 

lAL NC H PT TA GT H K 
RCJ 

lAM NC F+ PP G2P GIP PO F- NC 
G3P 

lAO F+ P G2 G3 F-,IS GI NC F-,IS 

7AP NC F+ P GZ GI F- G3,FM 
lAQ NC F P GZ Gl F FM,G3 
7AT F-,G5 P G2,G4 Gl F-,G5 G3 F+ 

7AO NC H PlZ PTl GTl H K 
7AY F-,G3 P Gl G2 F-,G3 P F+ 
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Termi-
PIN NUMBER nal 

Oil- 1 
gram 2 3 4 5 6 9 10 11 12 TC 

7AW S F P G2 GI F G3 

lAX NC H P GB KB GA H KA 

7AZ S GIP K,G3P G2P PO PP H H 

7B H PT2 GT2 K GTl PTl H 

7BA F P GI G2 FM,G3 P F+ 

7BB F- P G2 GI FM P F+ 

7BC F- PT2 GT2 FM GTl PTl F+ 

7BO GI K,IS H H P G2 K,IS 
G3 G3 

7BF PT2 PTl H H GTl GT2 K 

7BK GI G3,IS H H P G2 K 

7BN* GI K H H G2 P G2 

7BO G,IS K H H G,IS G,IS P 

7BR H G P P G H K 

7BS P K H H P G K 

7BT GT K H H P02 . POI PT 

7BZ Gl K,G3 H H P G2 GI 

7C H P G3,G5 G2 GI K H G4 

7CC GI G3 H H P G2 K 

7CH GI K,G5 H H P G2,G4 G3 

7CK K,IS H G2 K,IS GI K,IS H BC P 
G3 G3 G3 

7CM GI K H H P G2 G3,IS 

7CV K,G3 GI H H GI G2 P 

7CY G2 FM,G3 GI F F FM,G3 P 
IS IS 

70 H PP G2P P02 POI K,G3P H GIP 

70C F P G2 GI G3,G5 G4 F 

70F K,IS GI H H G2 G3 P 

70K P G H H K G P 
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Termi- PIN NUMBER nal 
Dia- 1 
gram 4 5 & 9 10 11 12 TC 

7DQ GI K,G3 H H P G2 GI 

7DlI H K02 P02 NC NC POI KOI H 

7E H PP G2P PT GT K,G3P H GIP 

7EA K,G3P PO H H PP G2P GIP 

7EG K G H H P K G 

7EK K G2 H H GI GI P 

7EN GI K,IS H H P G2 G3 

7EW GI K,IS H H P G2 K,IS 

7F H P G2 GI K,G3 HM H 

7FB GT PT H H P02 POI K 

7FL NC P02 H H K IS POI 

7FP K GZ H H P IS K 

7FQ GI IS H H P G2 K 

7FZ K,G3 GI H H G2 HM P 

7G H PT ES P02 POI K H GlT 
7GA GI K,G2 H H P G3 K,G2 

G4 G4 

7GM GI K H H P IS K 

7H H P G2 G3 ES K H GI 
7K H PP G2P KO PO KP 

G3P 
H GIP 

7Q NC G H P02 K02 POI H KOI 
S M 

7R NC G H P G2 G3 H K 
S M IS 

7S NC G H P G2 Gl H K 
S M G3 

7T NC G H P G2 G3 H K GI S M G4 G5 

7U NC H H PP G2P PT GI K,G3P GIP 
7V NC H PT P02 POI H K GT 
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Termi- PIN NUMBER nal 
Dia- 1 
gram 10 11 12 TC 

7W NC H PT2 PTl GTl H K 

7Z BC F P G3,G5 GI G2 F NC G4 

BA NC G H P G3 GI G2 H K G4 
S M G5 

BAA KO H PB G2B GIB KB H PO 
G3B 

BAC H KTZ PT2 GT2 GTl PT1 KTl H 

BAD NC H P G2,G4 GI K,G5 H G3 

BAE H PP P02 POI G2P GIP K,G3P H 

BAJ NC F+ PP G2P GIP PT F- PO GT 
G3P 

BAl H P G2,G4 GI G5 G3 K H 

BAN NC H P02 K02 POI HM H KOI 

BAD KO H PB GIB G2B PO H KB 
G3B 

BAS FM,IS F PP G2P GT PT F- PO GT 
G3P 

BAV NC H PB GIB G2B KB PO KO 
G3B H 

BAY GT H PP G2P GIP PT H K,G3P 

BB NC G H PT2 GT2 GTl PTl H K 
S M 

BBD GT2 PT2 KT2 GTl PTl KTl H H 

BBE GT2 KT2 PT2 KTl GTl PTl H H 

BBF H KT PT GT P02 POI KOI H 
K02 

BBJ H P GZ K IS,G3 GI K H 

BBK S H K,G3 GI K,G3 G2 H P 

BBl H PHP PT GT G2HP GIHP K,IS H 
G3HP G4HP G5HP 

BBU GIBI K GIB2 PB2 G2BI H H PBI 
G3BI G2B2 
G3B2 

BBW GT2 H PT2 KT2 KTl PTl H GTl 
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Termi· PIN NUMBER nal 
Di .. 1 
gram 2 3 5 & 8 9 10 11 12 TC 

BBZ H PT2 GI KT,IS POI P02 K02 H 
KOI 

BC NC F+ PP2 GIP2 GIPI PPI F-,G3 G2 

BCB P03 KT PDI P02 KOI PT H H GT 
K02 
KD3 

BCH G H TA OJ2 OJ3 OJl H K 

BC) H KT2 GT2 PTZ IS PTl GTl KTl H 

BCK P02 KOI POI GT PT KT H H 
K02 

BCN IC GI NC F-,G5 F+ P G2,G4 G3 

BCP NC GI NC F-,G3 F+ NC P G2 

BCT G2,G4 Gl K H H G5,IS G3 IS P 

BOA PP NC GIP F- F+ PO NC G2P 
G3P 

BDC GI K,IS H G3 P H G2 K,IS 

BDE Gl K,G3 H K,G3 P H G2 K,G3 

BDS PT2 GT2 H KT2 KTl H GTl PTl 

BDJ P02 K02 H IS POI H KOI NC 

BDK G NC H NC K H NC P 

BE BC H PP P02 POI G2P H K,G3P GIP 

BEL G H NC P H K 

BEP G3' H P G2 GI NC H K 

BET G3 H P G2 GI NC H K 

BEZ lC H lC lC H,K P 
IS 

BF KO H PP G2P GIP PO H KP 
G3P 

BFU K H NC NC H NC P 

BS NC H PT2 KT2 GTl PTl H KTl GT2 

BGB IC IC K IC P IC H H 

BGC K H IC IC G Ie H IC P 
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Termi- PIN NUMBER nal 
Dia- 1 
rram 2 4 9 10 11 12 Te 

8GD G2 H G3,K GI GI G3,K H G2 P 

8GH LC H LC LC LC LC H,K LC P 
IS 

8GT IC H IC G2 GI H K,G3 P 

8H NC H PHP G2HP GT PT H K GIHP 
G4HP G3HP G5HP 

8HY GZ H P G2 GI GI H K,G3 

8JB G H G P H K 

8JC GI H G3,K G2 GI G3,K H G2 P 

8JP GIP2 H PP2 G2 GIPI PPI H K,G3 

8JX H K,G3 G2 GI H G2 P 

BK S H PHX G2HX GT PT H K G3HX 
G4HX GIHX 

BKB H P G2 GI H K,G3 

8KN H P G3,K GI H GZ 

BKQ H P G2 G3,K GI H G2 

BKS F F P02 P02 POI POI F F 

8LY P H P G2 GI H K,G3 

BMG IS H G3 G2 GI NC H K P 

8MH LC H LC LC H,K LC P 
IS 

BMK IC F Ie Ie F,IS Ie P 

BML IS H Ie Ie G K H IC P 

BMQ Ie H IS IC G K H Ie P 

8MT Ne Ie H Ie Ie Ie NC H,K P 
IS 

BMU IC H IC NC IC NC H,K Ie P 
IS 

BMW K,IS H Ie IC G NC H Ie P 

8MX H,K H IC NC Ie NC H,K IC P 
IS IS 

BMY Ne IC H Ie H Ie NC H P 

BMZ F,IS F F,IS NC F,IS NC F,IS NC P 

8N S H G3 GI K G2 H P 

8NB Gl K,G3 G2 NC Gl IC H H P 
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Termi- PIN NUMBER nal 
Dil- 1 
Iram 2 4 & 9 10 11 12 TC 

8NC Ie K,G3 G2 Ne GI Ie H H P 

8ND Ne Ie F Ie F Ie Ne F,IS P 

8NJ K,IS H Ie Ie G G H Ie P 

8Nl Ie H,K H Ne H H,K Ne H,K P 
IS IS IS 

8NP Ie Ie H IS IS G K H P 

8Q S GT K P02 POI PT H H 

aR S,G5 H P G2,G4 GI K H G3 

8S S PT2 GT2 GTl PTl K H H 

BY KP H PP G2P PT KT H GT GIP 
G3P 

8U H P G2 GI G3,G5 G4 K,G6 H " 
8Y H P G2 G3 IS GI K H 

8W H PT GT Ie P02 POI IS,K H 

ax H P G2 GI G3,G5 G4 K H 

BY G3,S H Ne GI K G2 H P 

IZ KO H PB G2B GIB PO H KB 
G3B 

9A PT2 GT2 KT2 HT2 HTl PTl GTl KTl HM 

9AC Ie K G H H G Ie Ie P 
9AD GI Ne K H H Ne G2 P G3 
9AE PT GIP G2P H H PP KP,IS KT GT 

G3P 

9AG K G HM H H Ne G Ne P 
9AJ PT2 GT2 KT2 H H PTl GTl KTl IS 
9AK G3P GT PT H H K GIP G2P PP 
9AQ K GI K H H IS P G2 G3 
9AU IS GI K H H IS P G2 G3 
9AX K03 P03 IS H H P02 K02 POI KOI 
9BD Ne P Ne H H Ne P Ne P K 
9BF K GI G3,IS H H HM P G2 G3,IS 
9Bl Ie GI K,G3 H H Ie P Ie G2 
9BQ P Ne GI H H K,G3 Gl G2 Ne 
'IBY K GI G2 H H P G3,IS G2 GI 



TERMINAL CONNECTIONS 623 

Termi- PIN NUMBER nal 
Dil- 1 
gram 4 5 1 9 10 11 12 TC 

90X G K G G P G H H G 

9CA G2HP GIHP K H H PHP G3HP PT GT 
G4HP G5HP 

9CB IC IC IC H H IC IC IC P K 

9CF PT GT KT H H P02 POI KOI HM 
K02 
IS 

9CK GZ NC GI H H G1 K,G3 NC P 

9CV IC GI K,G3 H H IC P IC G2 

9CY KP GIP G2P H H PP KO PO G3P 
IS 

9Cl PT2 KT2 GT2 H H PTl KTl GTl HM 

90A PT GT KT H H PP G2P GIP G3P 
KP,IS 

90C PT GIP G2P H H PP KP,IS KT GT 
G3P 

90E PT2 GT2 KT2 H H PTl GTl KTl IS 

901 P02 NC NC H H NC POI NC K 

90P OJ2 on G3 HB HA,IS GI K P2 PI 
G2 

90R P G G H H K G G P 

90S G2P G1P KP H H PO G3P KO PO 
IS 

90T H,K H NC H,K H H,K NC H H,K P 
IS IS IS IS 

90W GT PT K H H PP G2P G3P GIP 

90X KT GT PT H H G3P GIP G2P PP 
KP,IS 

90l KT GT PT H H GIP G3P G2P PP 
KP,IS 

9E P03 P02 KD2 H H POI KT,IS GT PT 
IS KDI 

KD3 

9EC G3P GT PT H H GIP KP G2B PP 
KT,IS 

9EO PP G2P KP H H,IS GIP KT PT GT 
G3P 

9EF PT2 NC GT2 H H PTl GTl KTl KTZ 



624 RCA RECEIVING TUBE MANUAL 

Termi- PIN NUMBER nal 
Dia- 1 
gram 4 6 7 8 9 10 11 12 TC 

9EG GT PT KT,IS H H PP G2P KP GIP 
G3P 

9EN P02 POI KOI H H KT GT PT HM 
K02 
IS 

9EP PT2 GT2 KT2 H H PTl Gll Kll Ie 

9EQ K GI K H H Ie P G3 G2 

9ER P02 K02 KOI H H POI PT GT KT 

9ES PT2 NC KTl H H PTl GTl GT2 KT2 

9EU G2 NC GI H H GI K,G3 G2 P 

9EX GT KP,IS GIP- H H PP G2P KT PT 
G3P 

9FA GT PT KT H H PP G2P KP,IS GIP 
G3P 

9FE P02 POI KOI H H PP G2P GIP KP 
K02 G3P 

9FG K G2,IS PP2 H H G3PZ GI PPI G3PI 

9FH P02 GP2 PP H H POI K GIP G3P 

9FJ KT GT PT H H P02 KOI K02 POI 

9FK K IC P H H IC IC P IC 

9FN GIP G3P KO H H PO PP G2P KP 
IS 

9FT KT PP G2P H H,IS KP GIP GT PT 
G3P 

9FX GT PT KT H H PTR G2TR KTR GlTR 
IS 

9FZ PT GIP KP,IS H H PP G2P KT GT 
G3P 

9G K,G3 GI K,G3 H H G2 P K,G3 G2 

9GA GT IC K H H TA RCJ Ie PT 

9GC GlTR KTR G2TR H H PTR KOI P02 POI 
K02 

9GE PT GlTR G2TR H H PTR KTR KT GT 
IS 

9GF GT PT K H H PP G2P G3P,K GIP 



TERMINAL CONNECTIONS 625 

Termi- PIN NUMBER nal 
Oia- 1 
gram 3 4 9 lD 11 12 TC 

9GK K GI G3,IS H H Ne P G2 G3,IS 

9GM KT,IS PP G2P H H KP GIP GT PT 
G3P 

9GH G2 K,G3 GI H H GI K,G3 Ie P 

9GS PT G2TR GlTR H H PTR KTR GT KT 

9H PT2 GT2 KT2 H H KTl GTl HM PTl 

9HE G2P GIP K,IS H H PP POI P02 G3P 

9HF PT2 GT2 GT2 H H PTl GTl KTl KT2 

9HG GIP KO PO H H PP GP3 G2P KP 
IS 

9HK P02 KOI POI H H GIP KP,IS G2P PP 
K02 G3P 

9HL GIP2 K,G3 GIPI HP2 HPI PP2 G2 PPJ HM 

9HN G2 Ne GI H H GI K,G3 Ie P 

9HP Ie P Ie H H Ie P Ie K 

9HH P02 KTR GlTR H H PTR G2TR KOI POI 
K02 
IS 

9HY GlTR K G2TR H H PTR Ie Ie PO 

9HX GT PT KT H H PP KP,IS GIP G2P 
G3P 

9HZ GlTR K G2TR H H P02 PTR KTR POI 

9JO GlTR KTR G2TR H II PTR KT,IS PT GT 

9JE GT KP,IS GIP H H PP G2P KT PT 
G3P 

9JF PP GT PT H H KT GIP KP,IS G2P 
G3P 

9JG K,IS GT PT H H K,IS GIP G2P PP 
G3P G3P 

9JT PT PP G2P H H KP,IS GIP KT GT 
G3P 

9JU P02 Ne GlTR H H PTR G2TR K PDI 

9K P Ne G3 H H G2 K GI GI 



626 RCA RECEIVING TUBE MANUAL 

Termi- PIN NUMBER nal 
Oia-
gram 1 4 & 7 10 11 12 TC 

9KA KT3 GT3 PT3 H H PT2 GT2 PT1 GTl 
KTl 
KT2 

9JX GlTR K G2TR H H PTR P02 IC POI 

9KP PIBTR GT PT H,K H GlTR G2TR PIATR P2TR 

9KR K02 POI KOI H H P02 KT GT PT 

9KS K,IS G2 GI H H PB PA OJB OJA 

9i<T 2PB 2G 2PA H H IPB IG IPA K 

9KU GT KT GIP H H,G3P G2P PP PO PT 
KP,IS 

9KY G2 GIHP PHP H H GT G5HP PT G3HP 
G4HP KT KHP 

IS 

9LG PT2 IC GT2 H H PTl GTl KTl KTZ 

9LK K GI G2 H H P G3 G2 K 

9LP PT2 GT2 KT2 H H PTl GTl KT NC 

9LQ G3P GIP K H H G2P PP PO IS 

9LS H H NC KT2 GT2 PT2 PH GTl KTl 

9LT KOI P02 POI H H KP GIP G2P PP 
K02 G3P 
ISO ISP 

9LW K G2 PPZ H H G3P2 GI PPI G3PI 
IS 

9LY PT GT KT H H PP G2 KP GIP 
G3P 

9LZ GT KT G2P H H PP KP,IS GIP PT 
G3P 

9M POI NC K H H NC P02 NC NC 

9MB GT3 PT3 GT2 H,GTl H PT1 KTl KT2 PT2 
KT3 

9MP KP GIP KT,IS H H GT PT PP G2P 

9MQ G2 IC IC H H Gl K,G3 IC P 

9MR PBTR NC PO H H K,IS GlTR G2TR PATR 

9NH GI GI G3,K H H G2 G2 G3,K IC P 



TERMINAL CONNECTION::; 627 

---_ .. ------------ _ .. _-------

Term i- PIN NUMBER nal 
Dia- 1 
gram 4 9 10 11 12 TC 

.-.------~-----.-- -~--------

9Hl GIPI G2PI PPI H H GIP2 K,IS PP2 G2P2 
G3 

9HK K GI K H H G2 P G3, G2 
IS 

9HW K GI G3 H H G2 P G2 G3 

9HY G K G H H G G P G 

9HZ G2 GI K,G3 H H GI G2 IC P 

9PA K,IS GIP G2P H H PP K,IS GT PT 
G3P G3P 

9PB F- GI G2 lC lC P G3 G2 F+ 

gPG H H IC KT2 GT2 PT2 PTl GTl KTl 

9Pl P K,G3 G2 H H K,G3 GI G2 K,G3 

9PM K GI K H H NC P G2 G3,IS 

gPO P04 P03 K03 H H IS POl POI KOI 
K04 K02 

9PV PT GT K,IS H H GIP G3P G2P PP 

9PK G2 NC IC H H GI K,G3 IC P 

9PZ P G3 G2 H H G3 K GI K 

gOA K,IS GIP K,IS H H PP G2P PT GT 
G3P G3P 

900 KTl GT2 KT2 H H PT2 NC PTl GTl 

gQG PIBTR P1ATR PO H H K,IS GlTR G2TR P2TR 

90l FB FA FA LC P02 P02 lC POI POI 

90K G2 GI K,G3 H H Gl G2 Ie IC P 

90L G2 GI K H H GI G2 G3 IC P 
90M K03 P03 IC H H P02 K02 POI KOI 
gOp KT GT PT H H,IS KP GIP G2P PP 

G3P 

90T KT GIB KB H H PB G2B PT GT 
G3B 

90U G2 GI K H II G3 G2 IC P 

gOY pr GT KT,IS H H GIP KP r,P2 PP 
G3P 

90Z PP2 G3P2 K H II PPI G3PI G2 GI 

9RA P IC G2 H H G3,PO GI GI K 

9RF K GI NC H H G3 P NC G2 



628 RCA RECEIVING TUBE MANUAL 

Termi- PIN NUMBER naJ 
Dia- 1 
gram 2 5 10 11 12 TC 

9RG F,IS IC IC IC F IC NC IC IC P 

9RJ GI G3 G2 H H G2 G3 GI K P 

9RL KP,IS G2P PP H H P02 KO POI GIP 
G3P 

9RQ PT3 PT2 PTl H H GTl K GT2 GT3 

9RT H,K H IC H,K H H,K IC H H,K P 
IS IS IS IS 

9RU OJ2 on G3 HB HA,IS GI K,G2 P2 PI 

9RX IC P IC H H P IC IC K 

9SB GI K,G3 K,G3 H H G2 Gl IC P 

9SG HI P IC H H IC P IC NC K 

9U P IC IC F F IC IC IC P 

9Y P NC H G G K G G H 

9X GI NC H K,IS NC P NC G2 H 
G3 

9Y F,IS F LC F,IS F F,IS LC F F,IS P 

10F GlTR2 G2TR2 PTR2 H H KTRI GlTRI PTRI KTR2 KDI 
IS 

lOG PT3 GP3 KT3 H H PT2 GTl PTl GT2 KTl 
KT2 

10K GIP G2P PP H H GP3 KT GT PT KP 
IS 

10K KT KP GIP G3P H H PP G2P PT GT 
IS 

10L GIP2 KP2 G2P2 PP2 H H KPI GIPI G2PI PPI 
G3P2 G3PI 

IS 

12AQ P G K H H 

12AS G2 GI K H H P 

12BF H KT2 GTZ PT2 GTl PTl KTl P02 KOI POI IS H 
KD2 

12BI H G2 Gl K,G3 IC IC P IC IC K GI H 

12Bl H NC NC P NC NC K NC NC P NC H 



TERMINAL CONNECTIONS 629 

PIN NUMBER Termi
nal 
Dil- 1 
gram 10 11 12 TC 

128M H NC GT2 NC PT2 IC KT2 NC KTl GTl PTl H 

12BQ H PT3 KT3 KTl PT2 KT2 GT2 I C GTl PT1 GT3 H 

12BT H G2P K,G3P PB G3B G2B GIB KB,IS PP NC GIP H 

12BO H KP GIP G3P IS PP G2P GIB KB G2B PB H 
G3B 

12BW H G2P2 PP2 G3P2 GIP2 KP2 G2PI KPI PPI G3PI GIPI H 
IS IS 

12BY H PT3 KT3 KTI PT2 KT2 GT2 IS GTl PTl KT3 11 

12CA H GIP G2P KT2 GT2 PT2 PTl GTl KTl KP,IS PP H 
G3P 

12eT K K K H SHEL H P 
G 

120A H KD2 PD2 KT2 GT2 PT2 PTl GTl KTl PDI KDI H 

120B H,K IC IC LC LC IC IC IC IC LC IC H P 
IS 

120M H PP2 G2P2 G3P2 GIP2 KP2 G3PI PPI G2PI GIPI KPI H 
IS 

120P H PP GI2 PT2 KTl GTl KT2 PT1 KP,IS G2P GIP H 
IS G3P 

120Q F,IS IC IC LC IC IC IC IC IC LC IC P 

120R H NC G2 K,G3 GI NC G2 NC GI K,G3 G2 H P 

120Z H PT NC PB NC GIB GIB G2B KB GT KT H 
G3B 

12EA P P G G K H H 

12EJ H NC GT2 NC PT2 IC KT2 GT2 KTl GTl PTl H 

12EO H NC GT2 NC PT2 NC KT2 IC KTl GTl PT1 H 

12ER H PP2 G2P GIP G3P2 PPI G3PI K GT KT PT H 
IS IS 

12ES H NC GI K,G3 G2 IC P IC G2 K,G3 GI H 

12EW H,K H,K IC LC IC H,K LC IC H,K LC IC H P 
IS IS IS IS 

12EY H GI G2 K,G3 NC P NC NC GI G2 K,G3 H 

12EZ H KP GIP NC G3P G2P PP GIB G3!l G2B PB H 
IS KB 



630 RCA RECEIVING TUBE MANUAL 

PIN NUMBER 
Termi
nal 

Dia
gram 1 4 5 9 10 11 12 TC 

12FA H IC IC IC K,IS G NC IC IC IC IC H P 

12FB H NC G2 K,G3 GI G2 NC G2 GI K,G3 G2 H P 

12FC H PO NC KO PP NC IC KP GIP G2P GIP H 
G3P 

12FE H PT3 KT3 KTl PT2 KT2 GT2 NC GTl PTl GT3 H 

12FJ H K G2 G3 GI NC NC IC NC G3 NC H P 

12FK H K G2 G3 NC NC P NC NC G3 GI H 

12FL H K GI G3 G2 IC P IC G2 G3 GI H 

12FM H PT NC GT KT IS NC GIP KP G2P PP H 
G3P 

12FN H PO NC KO PB NC IC KB GIB GIB G2B H 
G3B 

12FP H KT2 PT2 GT2 KTl GTl PTl GIP G2P PP KP,IS H 
IS G3P 

12FQ H PT2 KT2 KTl IC NC NC IS GTl PTl GT2 H 

12FR H PT2 KT2 KTl NC NC PT1 NC GTl PT1 GT2 H 

12FS H PO NC KO PP NC IC KP GIP IC G2P H 
G3P 

12FU H PP2 G2P2 G3P2 KP2 GIP2 PPI G3PI G2PI KPI GIPI H 
IS 

12FV H,K H,K IC NC H,K H,K NC H K NC IC H P 
IS IS IS IS 

NC NC P IC IC K IC IC P NC H 12FX H 

12FY H 

12GA H 

K G2 G3 GI NC IC NC IC G3 G2 H 

NC NC P IC NC K NC IC P NC H 

12GC H PP GT2 KT2 GTl KTl PTl KP,IS PT2 G2P GIP H 
G3P 

P 

12GD H K G2 G3 GI NC NC NC IC G3 IC H P 

12GF H KP2 GIP2 G2P2 PP2 G3P2 GIPI KPI G2PI G3PI PPI H 
IS IS 

12GH H NC G2 G3 GI NC IC NC IC K IC H P 

UGJ H K G2 G3 GI NC IC NCIC G3 IC H P 

12GK H IC IC P IC IC K IC IC P IC H 



TERMINAL CONNECTIONS 631 

PIN NUMBER Termi
nal 

Oia- 1 
gram 10 11 12 TC 

12GL H GIP G2P KP,IS KT2 PT2 KT1 GT2 PTl GTl PP H 
G3P IS 

12GS H PP GT2 KT2 GTl KTl PTl KP PT2 G2P GIP H 
G3P 
IS 

12GU H NC G2 G3 Gl NC IC NC IC K IC H P 

12GV H IC IC NC IC H IC IC IC NC IC H P 

12GW H 

12GY H 

K 

G 

G2 G3 Gl NC Ie NC GI G3 G2 H P 

BP K IC IC P IC IC BP G H 

12GZ H PT2 GT2 NC PP IC K,G3P GIP G2P GTl PTl H 

12HA H,K H,K IC NC H,K H,K NC IC H,K NC IC H P 
IS IS IS IS IS 

12H8 H G3P2 PPZ G2P2 KP2 GIP2 GIPI KPI G2PI PPI G3PI H 

12HC H IC IC IC K G IC IC IS IC IC H P 

12HO H KP2 GIP2 G2P2 PP2 G3P2 G3PI PPI G2PI KPI GIPI H 
IS IS 

12HE H PP NC G3P GT KT PT IS KP G2P GIP H 

12HF H IC NC P IC IC K IC IC P NC H 

12HG H PT3 K PT2 NC PTl NC GTl NC GT2 GT3 H 

12HJ H GT PT KT GIP GIP KP G2P G3P NC PP H 
IS 

12HK F,IS F,IS IC NC F,IS F,IS NC F,IS NC IC F P 

12HL H IC IC K,G3 GI NC IC NC IC K,G3 G2 H P 

.12HN H PT2 GT2 PTl KTl GTl KT2 GIP KP G2P PP H 
G3P 

12HR H PT2 GT2 PP G2P IC KT2 GIP PTl KTl GTl H 
KP 
G3P 

12HT H PD NC KD PP NC IC KP GIP NC G2P H 
G3P 

12HU H PT3 K PT2 NC PTl IC GTl IC GT2 GT3 H 

12HWH PT2 PP G2P GIP GIP KTZ KTl GTl PTl GT2 H 
KP 

12HX H IC NC P IC IC IC IC IC P NC H K 



632 RCA RECEIVING TUBE MANUAL 

fermi- PIN NUMBER nal 
Oil- 1 
gram 2 3 4 5 & 7 8 9 10 11 12 Te 

12HY H,K H,K IC NC H,K IC IC H H,K NC IC H P 
IS IS IS IS 

12JA H K G2 G3 Gl NC H NC G2 G3 G2 H P 

12JB H,K H,K IC NC H,K IC H,K H H,K NC NC H P 
IS IS IS IS IS 

12JF H K G2 G3 Gl NC NC NC IC G3 G2 H P 

11- Gl Gl G3 H H G2 G2 G3 K P 
BH25 

407A HT2 KT2 GT2 PT2 HM,IS PTl GTl KTl HTl 

991· K P 

991· P K OR 
F F P 

5672 P G2 F+ Gl F-,G3 

5678 P G2 F-,IS Gl F+ 
G3 G3 

5734 H G H K,IS SHEll P 

5783*K P K 

&3&1 GHdU K GHRZ HTRI HliR2 PTRI G2TRl PTR2 HM 
IS G2TR2 

6977F P G F 

8B8B 1< K K K SHEll G H H P 

8950 H K G2 G3 Gl K IC NC Gl G3 G2 H P 



METAL TYPES 

.400 1 MAX.! 

CERAMIC~tf TWELVAR .~~!i_ I 
BASE MAX. 

- _ I _800 
--.i MAX. 

-:';0 1 
-.I'::.~ 

-1-

-lA-
x y Z 

lAl 1.050 0_840 _255 
lA2 0_985 0.780 _255 
lA3 0.985 0.780 _317 

rTf~MAX-1 

I~I 

t,~.~ 
-4-

J 
"'-SMALL

WAFER 
OCTAL 

-2-
y x 

2A 2-5/8 2-1/16 
28 3-1/4 2-11/16 

GLASS TYPES 

~~~~ 
fEJTI IJJJjx-

L SMALL -BUTTON 
MINIATURE 7-PIN 

-5-
x y 

5A 1-5/8 1-3/8 
58 1-3/4 1-1/2 
5C 2-1/8 1-7/8 
5D 2-5/8 2-3/8 
5E 2-3/8 2-1/8 

Z 
1 ± 3/32 

1-1/8 ± 3/32 
1-1/2 ± 3/32 

2 ± 3/32 
1-3/4 ± 3/32 

All measurements in inches_ 

633 

Outlines 

-3-. 

=i~MAX_t 

frnT MlUJjx. 
L SMALL -BUTTON 

MINIATURE 9-PIN 

-6-
X y 

6A 1-3/4 1-1/2 
68 2-3/16 1-15/16 
6C 2-13/32 2-5/32 
6D 2-7I1B_ 2-13/16 
6E 2-5/11 2-3/8 
&F 2.3/4 2-1/2 
6C 3-1/16 2-13/16 
6N 3-1/8 2-7/8 
61 2 1-3/4 

&K 2-7/16 2-3/i6' 
6l 2-7/8 2-5/8 

&M 1-31/32 1-23/32 
&N 2-27/32 2-19/32 

Z 
&A 1-1/8 ± 3/32 
&B 1-9/16 ± 3/32 
&C 1-25/32 ± 3/32 
&D 1-13/16 ± 3/32 
&E 2± 3/32 
&F 2-1/8 ± 3/32 
&C 2-7/16 ± 3/32· 
&N 2-1/2 ± 3/32 
&K 1-29/32 



634 

x y 
7A 2-27/32 2-7/16 ± 1/8 
7B 3-1/16 2-15/32 MAX. 
7C 3-9/32 2-7/8 ± 1/8 
70 3-1/2 3-1/4 MAX. 
7E 2-17/32 2-1/8 ± 1/8 
7F 2-29/32 2-5/8 MAX. 
lG 2-23/32 2-1/8 ± 1/8 
78 3-3/16 2-15/16 

-lO-

X y Z 
lOA 2.630 2.320 1.770-2.010 
lOB 2.900 2.620 2.070-2.310 
10C 2.930 2.620 2.070-2.310 
100 3.230 2.920 2.370-2.610 
10E 4.125 3.750 
10F 3.110 2.730 
tOG 3.080 2.770 
10F 3.5!1 3.169 2.68 

RCA RECEIVING TUBE MANUAL 

ll.188 MAX.!= 

11 
"1}1' 

X y 
SA 1.875 1.250-1.500 
SB 2.375 1.750-2.000 
8C 2.625 2.000-2.250 
80 2.875 2.250-2.500 
8E 3.050 2.770 MAX. 
BF 3.125 2.500-2.750 
BG 3.375 2.750-3.000 

11~'~1l 

l "-mnr-mnJ" J<j' 
-~ 

11A 
llB 
llC 
110 
11E 

\ SMALL-BUTTON 
NOVAR 9-PIN 

-11-
X Y Z 

3.000 2.620 2.100-2.280 
3.080 2.700 2.050-2.230 
3.!10 2.730 2.210-2.390 
3.410 3.010 2.510-2.690 
2.960 2.580 2.060-2.240 

All. measurements in inches. 

X Y 
9A 3.375 2.750-3.000 
9B 3.625 3.000-3.250 
9C 4.!10 3.766 MAX. 
90 3.875 3.250-3.500 

life MAX~I-
,,11 /----\ J M~X. 

J o~" I~ MAX. 12 TYPE 

-12-
X '( 

12A 2-9/32 1-3/4 
12B 2-25/32 2-1/4 
12C 3-5/32 2-5/8 



OUTLINES 635 

-13- -14- -15-
X Y Z X y 

14A 3-5/16 2-3/4 1-5/16 
148 3-9/16 3 1-9/32 

15A 2.875 2.250-2.500 

14C 3-5/8 3-1/16 1-9/32 
158 3.375 3.000 MAX. 

14D 3-7/8 3-5/16 1-9/32 
15C 3.625 3.000-3.250 

14E 4-1/16 3-1/2 1-9/32 
15D 3.125 2.750 

14F 3-13/16 3-1/4 1-9/32 15E 3.875 3.250-3.500 

14G 3-13/16 3-1/4 1-3/8 15F 4.200 3.620-3.875 

14H 3-13/16 3-1/4 1-1/4 
14) 3-9/16 3 1-1/4 
14K 4-5/16 3-3/4 
14L 4-21/64 3-3/4 1-9/32 

X Y ): 
13A 2-7/8 2-5/16 1-9/32 
138 3 2-7/16 1-9/32 
13C 3-1/16 2_1/2 1-9/32 
13D 3-5/16 2-3/4 1-5/16 
13E 3-3/8 2-13/16 1-9/32 
13F 3-7/16 2-7/8 1-9/32 
13G 3-13/16 3-1/4 . 1-9/32 
13H 4-3/16 3-9/16 1-3116 

[""3~~~' r~~'ll l ,.'" ." r ..'i:l\\l:l', -rr 
'" ill U "' JjJ ............... "' blJ 

LARGE-BUTTON LARGE-BUTTON 
OUOOECAR 12-PIN -17- NOVAR 9-PIN 

-16- X Y Z 
X Y Z 17A 3.180 2.800 2.280-2.460 

l&A 3.625 3.000-3.250 1.563 178 3.410 3.030 2.510-2.690 
168 4.125 3.500-3.750 1.563 17C 4.160 3.780 3.260-3.440 IRA 
16C 4.875 4.250-4.500 1.563 17D 3.550 3.170 188 
160 4.375 4.000 MIN. 1.563 17E 3.710 3.330 2.810-2.900 18C 
16E 4.375 3.750-4.000 1.563 18D 
16F 4.95 4.57 MAX. 1.563 18E 
16G 4.625 4.000-4.250 1.563 18F 
l&H 4.75 4.125-4.375 1.563 

All measurements in inches. 

LARGE -BUTTON 
NOVAR 9-PIN 

-18-

X Y 
3.55 3.04 ± 0.13 
4.60 4.09 ± 0.13 
4.38 3.7:;-4.00 
4.625 4.25 
3.63 3.0-3.25 
3.85 3.21-3.47 
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TI2 

X Y Z 
19A 3-9~16 3 1-9/32 
19B 3- /8 3_5/16 1-13/32 
19C 4 3-7/16 1-13,32 
190 4-1/4 3-11/16 1- /8 
19E 4-518 4-1/16. 1-3/8 
19F 4-5/8 4-1/16 1-5/8 
19G 4-3/4 4-3/16 1-11/16 
19H 5-3/16 4-5/8 1-3/8 
191 4-1/2 3-7/8 

RCA ~ECEIVING TUBE MANUAL 

9 SKIRTED 
-I j6 MAX. --j MINIATURE 

~ /- CAP -Ill 
I 

Y 
I 

TI2 I 
I 

I 
X 

I MAX. 

I I __ l j 
I __ i~_ 
I- Z MAX.--+! OCTAL 

-20-

X Y Z 
20A 4-1/4 3-11/16 1-13/32 
20B 5 4-7/16 1-3/8 

-23-

All measurements in inches. 

['~~] ,~ 

~ll 
Tl2 J ~, 

L,~s1J 
21A 
21B 
21C 
210 

-21-
X y 

4-3/4 4 ± 3/16 
5 4-7/16 

5-7/32 4-1/4 
5 4-1/1 

SMALL-SHELL 
SMALL 4-,5-,6-, OR 7-PIN 

-24-
X Y 

24A 4-15/16 4-3/16 ± 1/8 
24B 4-17/32 3_25/32 ± 1/8 



OUTLINES 

28A 
28B 

-25-

-28-
X 

OCTAL 

Y 
5·1/8 

5--11/16 
H/16 ± 5/32 

4-31/32 ± 5/32 

29A 
29B 
2ge 
29D 
29E 
29F 
29G 
29H 
Z91 
Z9K 
29L 
Z9M 
29N 
29P 
2!11l 

STI4 

MEDIUM-SHELL 
SMALL 4-,·5-, OR 6- PIN; 

MEDIUM 1-PIN 

-26-

MAX. 
LENGTH 

1·3/4 
1·3/4 

2·5/16 
2·5/8 
2·1/8 

3 
H/16 

4 
4-7/8 

5--1/32 
6-1/4 

3·15/32 
5.31 
3.~37 
4.062 

MAX. 
DIAMETER 

0.4 
1·5/16 
1·5/16 
H/16 
1·5/16 
1·5/16 

H5/16 
H/16 
1-9/16 

1·13/16 
2·7/16 
H/16 

1.813 
1.530 
1.530 

-29-

All measurements il inches. 
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y 

x 

b 
OCTAL OR SMALL-SHELL 

SMALL 4-, 5-,6-, OR 1-
PIN 

-27-
X y 

27A !H/8 4-3/8 ± 3/16 
278 5·3/8 4-9/16 ± 3/16 

11.1a8~t 

11 T9 

1li 
SMALL-BUTTON 

NOVAR9-PIN 

-30-

3DA 
3GB 
3ac 
30D 
30E 
30F 

X y' 
2.380 . 2.000 
3.005 2.625 
3.080 2.700 
3.110 2.730 
2.125 1.750 
3.380 3.000 
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ll'562M=-~ 

11 
-ill 

-31-
x y 

31A 2.880 2.500 
31B 3.130 2.750 
31e 3.880 3.500 
310 3.380 3.000 

-33-
X y 

33A 3.06 MAX. 2.52-2.68 

RCA RECEIVING TUBE MANUAL 

1.562 MAX'I~ SMALL 
~CAP 

111 
~dJj' 

LARGE-BUTTON 
NOVAR 9-PIN 

-32-
X y 

32A 3.505 2.875-3.125 
32B 4.130 3.500-3.750 
32e 4.380 3.750-4.000 
320 4.60 4.09-4.22 

OCTAL 

-34-
X y 

34A 4.312 MAX. 3.75 MAX. 

All measurements in inches. 



OUTLINES 

MAGNOVAL 
9- PIN 

-35-
x y 

35A 4.133 3.760 
35B 4.125 3.750 
35C 4.54 4.18 

iV' ~ Ml~. SMALL 
CAP 

y T12 X 
MAX. MAX. 

1J YMAGNOVAL 
9-PIN 

- 38-

x y 
38A 4-29/32 4-9/16 

[ITsll :~ MAX. 

I 
416 

," :t T 
,,,,, I I .:LL I 
~I~~~ 

MAX. 

-36-

SKIRTED ['""] ""'''"'' ____ CAP /11 
TIZ 

~J 
- 39-

x y z 
39A 3.525 3.0-3.250 1.563 
39B 4.375 4.0 MAX. 1.563 

All measurements in inches. 
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-37-

1.188 
MAX. 

y 

T9 
X 

MAX. 

MAGNOVAL 
9-PIN 

-40 -

x y 
40A 4.133 3.760 
40B 3.850 3.470 
40B (Novar Base) 
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l-Glass Envelope 

2-lntemal 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-lnsulating Spacer 

13-Spacer Shield 

14-lnter-Pin Shield . 

15-Glass Button-Stem Seal 

16-Lead Wire 

17-Base Pin 

18-Glass-to-Metal Seal 

Structure of a Miniature Tube 

HI504 
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Resistance-Coupled 
Amplifiers 

RESISTANCE-COUPLED, audio
frequency voltage amplifiers utilize 

simple components and are capable of 
providing essentially uniform amplifica
tion over a relatively wide frequency. 
range. 

Suitable Tubes 
In this section, data are given for 

4!! types of tubes suitable for use 
ill resistance-coupled circuits. These 
types include low- and high-mu triodes. 
twin triodes, triode-connectd pentodes, 
and pentodes. The accompanying key 
to tube types will assist in locating the 
appropriate data chart; 

Circuit Advantages 
For most of the types shown, the 

data pertain to operation with cathodc 
bias; for all of the pentodes, the data 
pertain to operation with series screell
grid resistor. The use of a cathode-bias 
resistor where feasible and a series 
screen-grid resistor where applicable 
on'ers several advantages over fixed
voltage operation. 

The advantages are: (I) effects of 
possible tube differences are minimized; 
(2) operation over a wide range of plate
supply voltages without appreciable 
change in gain is feasible; (3) the low 
frequency at which the amplifier cuts 
off is easily changed; and (4) tendency 
toward motorboaling is minimized. 

Number of Stages 
These advantages can be enhanced 

by the addition of suitable decoupling 
filters in the plate supply of each stage 
of a multi-stage amplifier. With proper 
filters, three or more amplifier stages 
can be operated from a single power
snpply nnit of convention<ll design with-

Type Chart No. Type Chart No. 

3AU6 2 6FQ71 
3AV6 9 6CG7 8 
3BC51 6SL7GT 5 

3CE5 II 6SN7GTB 8 
3CB61 6T8A 5 

3CF6 II 7AU7 3 

4AU6 
4AV6 
4BQ7AI 

4BZ7 
4CB6 
5BK7A 

5BQ7A 
5T8 
6AB4 
6AG5 
6AT6 
6AU6A 

6AV6 
6BC51 

6CE5 
6BK7B 
6BQ7AI 

6BZ71 
6BS8 

6C4 
6CB6AI 

6CF6 
6CN7 
6EU7 

2 8CN7 
9 8FQ71 

8CG7 
10 9AU7 
11 12AT6 
10 12AT71 

ECC81 

5 

8 
3 
5 

4 

10 12AU6 2 
5 I 2AU7A I 
4 ECC82 3 

II 12AV6 9 
5 12AX7AI 
2 ECC83 9 

9 12AY7 1 
12FQ7 8 

II 12SL7GT 5 
10 12SN7GTA 8 

19T8 5 
20EZ7 9 

10 

3 5879P 
5879T 

II 7025 
5 7199P 
9 7199T 

6 
7 
9 

12 
13 

T 0= Triode Unit or Triode Connection 
P 0= Pentode Unit or Pentode Connection 

KEY TO CHARTS 
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out encountering any difficulties due to 
coupling through the power unit. When 
decoupling filters are not used, not 
more than two stages should be op
erated from a single power-supply unit. 

Symbols Used in Resistance
Coupled Amplifier Charts 

C = Blocking Capacitor (I'F). 
C. = Cathode Bypass Capacitor 

(I'F) . 
c.. = Screen-Grid Bypass Capacitor 

(lLf). 
Ebb = Plate-Supply Voltage (volts). 

Voltage at plate equals plate
supply voltage minus drop in R,. 
and R •. 

R. = Cathode Resistor (ohms). 
R.. = Screen-Grid Resistor 

(megohms). 
R. = Grid Resistor (megohms) for 

following stage. 
R. = Plate Resistor (megohms). 
V.G.= Voltage Gain. 
E. =Output Voltage (peak volts). 

This voltage is obtained across 
R. (for following stage) at any 
frequency within the flat region 
of the output vs. frequency 
curve, and is for the condition 
where the signal level is ade
quate to swing the grid of 
the resistance-coupled amp1il1er 
tube to the point where ils gidd 
starts to draw current. \ 

Note: The listed values for Eo are the I'e~k 
output voltages available when the grid is 
driven front a low-impedance source. T e 
listed Vtl Illes for the cathode resistors are 0 -

timum for tiny signal source. With a high
impedance source, protection against severe 
distortion lInd loss of gain due to input load
ing may be obtained by the use of a coupling 
capacitor connected directly to the input grid 
and a high-value resistor connected between 
the grid and ground. 

General Circuit Considerations 
In the discussions which follow, 

the frequency (f.) is that value at which 
the high-frequency response begins to 
faU off. The frequency (f,) is that value 
at which the low-frequency response 
drops below a satisfactory value, as 
discussed below. A variation of 10 per 
cent in values of resistors and capaci
tors has only slight effect on perform-

RCA RECEIVING TUBE MANUAL 

ance. One-half-watt resistors are usually 
suitable for R." Rg , R,., and R. resistors. 
Capacitors C and C., should have a 
working voltage equal to or greater 
than Ebb. Capacitor C. may have a low 
working voltage in the order of 10 to 
25 volts. 

Triode Amplifier 
Heater-Cathode Type 

Capacitors C and C. have been 
chosen to give an output voltage equal 
to 0.8 E" for a frequency (f,) of 100 
Hz. For any other value of fl, multi
ply values of C and C. by 100/f,. In 

Diagrtlm No. I 

the case of capacitor C., the values 
shown in the charts are for an amplifier 
with dc heater excitation; when ac is 
used, depending on the character of the 
associated circuit, the gain, and the 
value of flo it may be necessary to in
crease the value of C. to minimize 
hum disturbances. It may be desirable 
to operate the heater at a positive volt
age of from 15 to 40 volts with r~spect 
to the cathode. The voltage output at 
f, of "n" like stages equals (0.8)" X En, 
where E. is the peak output voltage of 
final stage. For an.amplifier of typical 
construction, the value of f. is well 
above the audio-frequency range for any 
value of R •. 



RESISTANCE-COUPLED AMPLIFIERS 643 

Pentode Amplifier 
Heater-Cathode Type 

Capacitors C, Ct, and C g2 have 
been chosen to give an output voltage 
equal to 0.7 X E. for a frequency (f,) 
of 100 cycles. For any other value of 
f" multiply values of C, C., and C g2 

by 100/f,. In the case of capacitor Ct, 
the values shown in the charts are for 

c 

-=- Ebb-=-
Di:lgr:lm No. 2 

Eb" H. H. HgO H. 

0.1 0.24 - 1800 
90 0.24 0.51 - 3700 

0.51 1.0 - 7800 

0.1 0.24 - 1300 
180 0.24 0.51 - 2800 

0.51 1.0 - 5700 

0.1 0.24 - 1200 
300 0.24 0.51 - 2300 

0.51 1.0 - 4800 

• One triode unit. * Peak volts . 

an amplifier with de heater excitation; 
when ac is used, depending on the 
character of the associated circuits, the 
voltage gain, and the value of f" it 
may be necessary to increase the value 
of C. to minimize hum disturbances. 
It may be desirable to operate the 
heater at a positive voltage of from 
15 to 40 volts with respect to the 
cathode. The voltage output at f, for 
"n" like stages equals (0.7)" X Eo where 
Eo is peak output voltage of final stage. 
For an amplifier of typical construc
tion, and for R,. values of 0.1, 0.25, 
and 0.5 megohm, approximate values 
of f2 are 20000, 10000, and 5000 Hz, 
respectively. 

CgO C. C E." Y.B. 

- - - 13 24 
- - - 14 26 CD 
- - - 16 27 

- - - 31 27 
- - - 33 29 
- - - 33 30 12AY7' 
- - - 58 28 
- - - 30 30 
- - - 56 31 

Diagram 1 

• Coupling capacitors should be selected to give desired frequency response. C"tho<ie resistors 
should be "dequately bypassed. ' 
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3AU6 
4AU6 
6AU6A 
12AU6 

See Circuil 
Diagram 2 

® 
6C4 

7AU7· 
9AU7· 

12AU7A/ 
ECC82· 

See Circuit 
Diagram 1 

Ebb Rp 

0.22 
0.22 
0.22 
0.47 

90 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0.22 
0.47 

180 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0,22 
0.47 

300 0.47 
0.47 
1.0 
1.0 

0.047 
0.047 
0.047 
0.1 

90 0.1 
0.1 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.1 

180 0.1 
0.1 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.1 

300 0.1 
0.1 
0.22 
0.22 
0.22 

• One triode unit. 

R. 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.047 
0.1 
0.22 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

0.047 
0.1 
0.22 
0.1 
0.22. 
0.47 
0.22 
0.47 
1.0 

0.047 
0.1 
0.22 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

RCA RECEIVING TUBE MANUAL 

Rg2 R. C •• C. C Eo· V.B. 

0.340 2700 0.057 5.8 0.0081 16 79 
0.370 2900 0.050 5.4 0.0055 22 104 
0.380 3100 0.050 5.3 0.0034 25 125 
1.00 6000 0.027 2.8 0.0042 13 105 
1.00 6200 0.023 2.7 0.0027 17 137 
1.00 6300 0.027 2.8 0.0019 25 161 
1.90 10800 0.017 1.7 0.0025 10 139 
2.40 13100 0.017 1.7 0.0017 19 184 

0.520 1340 0.059 8.8 0.0081 31 143 
0.520 1390 0.059 8.7 0.0053 43 192 
0.520 1420 0.059 8.6 0.0032 48 223 
1.05 2700 0.039 5.5 0.0041 34 189 
1.15 2880, 0.037 5.4 0.0027 43 249 
1.20 2960 0.036 5.4 0.0019 50 294 
2.40 5500 0.028 3.2 0.0023 33 230 
2.70 6000 0.022 2.8 0.0015 40 323 

0.530 780 0.077 13.2 0.0082 53 200 
0.540 783 0.077 13.2 0.0053 65 270 
0.540 800 0.077 13.1 0.0033 74 316 
1.15 1590 0.057 8.4 0.0045 56 275 
1.22 1650 0.049 7.4 0.0027 72 357 
1.31 1720 0.045 7.2 0.0017 82 418 
2.50 3300 0.036 5.3 0.0022 57 352 
2.80 3500 0.031 4.2 0.0015 72 466 

- 1600 - 3.2 0.061 9 10 
- 1800 - 2.5 0.033 11 11 - 2000 - 2.0 0.015 14 11 - 3000 - 1.6 0.032 10 11 - 3800 - 1.1 0.015 15 11 - 4500 - 1.0 0.007 18 11 - 6800 - 0.7 0.015 14 11 - 9500 - 0.5 0.0065 20 11 
- 11500 - 0.43 0.0035 24 11 

- 920 - 3.9 0.062 20 11 - 1200 - 2.9 0.037 26 12 - 1400 - 2.5 0.016 29 12 - 2000 - 1.9 0.032 24 12 - 2800 - 1.4 0.016 33 12 - 3600 - 1.1 0.007 40 12 - 5300 - 0.8 0.015 31 12 - 8300 - 0.56 0.007 44 12 - 10000 - 0.48 0.0035 54 12 

- 870 - 4.1 0.065 38 12 
- 1200 - 3.0 0.034 52 12 
- 1500 - 2.4 0,016 68 12 
- 1900 - 1.9 0.032 44 12 
- 3000 - 1.3 0.016 68 12 
- 4000 -- 1.1 0.007 80 12 
- 5300 - 0.9 0,015 57 12 
- 8800 - 0.52 0.007 82 12 
- 11000 - 0.46 0.0035 92 12 

• Peak volts. 
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Ebb R. R. R .. R. C •• C. 

0.1 0.1 - 2680 - 2.4 
0.1 0.22 - 3060 - 2.00 
0.1 0.47 - 3390 - 1.84 
0.22 0.22 - 5500 - 1.33 

90 0.22 0.47 - 6300 - 1.01 
0.22 1.0 - 6930 - 0.92 
0.47 0.47 - 10900 - 0.63 
0.47 1.0 - 12500 - 0.52 
0.47 2.2 - 13500 - 0.47 

0.1 0.1 - 1407 - 3.6 
0.1 0.22 - 1674 - 3.0 
0.1 0.47 - 1786 - 2.6 
0.22 0.22 - 2890 - 1.75 

180 0.22 0.47 - 3860 - 1.34 
0.22 1.0 - 4660 - 1.14 
0.47 0.47 - 6960 - 0.83 
0.47 1.0 - 8450 - 0.67 
0.47 2.2 - 9600 - 0.55 

0.1 0.1 - 974 - 4.0 
0.1 0.22 - 1404 - 3.1 
0.1 0.47 - 2169 - 2.5 
0.22 0.22 - 2510 - 1.9 

300 0.22 0.47 - 4200 - 1.3 
0.22 1.0 - 4950 - 1.1 
0.47 0.47 - 5700 - 0.90 
0.47 1.0 - 8720 - 0.62 

I 0.47 2.2 - 9700 - 0,51 

0.1 0.1 - 4200 - 2.5 
0.1 0.22 - 4600 - 2.2 
0.1 0.47 - 4800 - 2.0 
0.22 0.22 - 7000 - 1.5 

90 0.22 0.47 - 7800 - 1.3 
0.22 1.0 - 8100 - 1.1 
0.47 0.47 - 12000 - 0.83 
0.47 1.0 - 14000 - 0.7 
0.47 2.2 - 15000 - 0.6 

0.1 0.1 - 1900 - 3.6 
0.1 0.22 - 2200 - 3.1 
0.1 0.47 - 2500 - 2.8 
0.22 0.22 - 3400 - 2.2 

180 0.22 0.47 - 4100 - 1.7 
0.22 1.0 - 4600 - 1.5 
0.47 0.47 - 6600 - 1.1 
0.47 1.0 - 8100 - 0.9 
0.47 2.2 - 9100 - 0.8 

0.1 0.1 - 1500 - 4.4 
0.1 0.22 - 1800 - 3.6 
0.1 0.47 - 2100 - 3.0 
0.22 0.22 - 2600 - 2.5 

300 0.22 0.47 - 3200 - 1.9 
0.22 0.1 - 3700 - 1.6 
0.47 0.47 - 5200 - 1.2 
0.47 1.0 - 6300 - 1.0 
0.47 2.2 - 7200 - 0.9 

° Olle triode unit. 
, 

• Peak volts. 

C Eo* 

0.026 8 
0.014 11 
0.0074 13 
0.0136 10 
0.0067 14 
0.0038 15 
0.007 13 
0.0043 14 
0.0031 18 

0.029 20 
0.016 28 
0.0083 31 
0.0140 24 
0.0077 35 
0.0047 42 
0.0075 31 
0.0046 39 
0.0032 45 

0.028 37 
0.015 57 
0.0083 78 
0.015 50 
0.0074 78 
0.0046 85 
0.0076 57 
0.0041 81 
0.0030 88 

0.025 5.4 
0.014 7.5 
0.0065 9.1 
0.013 7.3 
0.007 10 
0.0035 12 
0.006 10 
0.0035 14 
0.002 16 

0.027 19 
0.014 25 
0.0065 32 
0.014 24 
0,0065 34 
0.0035 38 
0.0065 29 
0.0035 38 
0.002 43 

0.027 40 
0.014 54 
0.0065 63 
0.013 51 
0.0065 65 
0.0035 77 
0.006 61 
0.0035 74 
0.002 85 

V.U. 

24 
25 
28 
25 
28 
28 
26 
28 
28 

31 
33 
34 
33 
33 
33 
31 
32 
32 

34 
34 
33 
33 
33 
32 
33 
32 
32 

22 
27 
30 
30 
34 
37 
36 
39 

I 41 

30 
35 
37 
38 
42 
44 
44 
46 
47 

34 
38 
41 
42 
46 
48 
48 
50 
51 
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6AB4 
12AT7/ 
ECC81-

See Circuit 
Diagram 1 

5T8 
6AT6 
6CN7 

6SL7GTo 
6T8A 
8CN7 
12AT6 

12SL7GTo 
19T8 

See Circuit 
Diagram 1 
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As Pentode: 

5879 

See Circuit 
Diagram 2 

(j) 

As Triode: 

5879 

See Circuit 
Diagram 1 

Ebb Rp 

0.1 
0.1 
0.1 
0.22 

80 0~22 
0.22 
0.47 
0.47 
0.47 

D.1 
D.l 
0.1 
0.22 

180 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

300 0.22 
0.22 
0.47 
0.47 
0.47 

0.047 
0.047 
0.047 
0.1 

90 0.1 
0.1 
0.22 
0.22 
022 

0.047 
0.047 
0.047 
0.1 

180 0.1 
0.1 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.1 

300 0.1 
0.1 
0.1 
0.22 
0.22 

• Peak volts 

Re R,. 

0.1 0.35 
0.22 0.35 
0;47 0.35 
0.22 0.80 
0.47 0.80 
1.0 0.80 
0.47 1.9 
1.0 1.9 
2.2 1.9 

D.1 0.35 
0.22 0.35 
0.47 0.35 
0.22 0.80 
0.47 0.80 
1.0 0.80 
0.47 1.9 
1.0 1.9 
2.2 1.9 

0.1 0.35 
0.22 0.35 
0.47 0.35 
0.22 0.80 
0.47 0.80 
1.0 0.80 
0.47 1.3 
1.0 1.3 
2.2 1.3 

0.047 -
0.1 -
0.22 -
0.1 -
0.22 -
0.47 -
0.22 -
0.47 -
1.00 -
0.047 -0.1 -0.22 -
0.1 -0.22 -0.47 -0.22 -0.47 -1.00 -
0.047 -0.1 -0.22 -0.1 -0.22 -0.47 -0.22 ..... 
0.47 -
1.00 -

RCA RECEIVING TUBE MANUAL 

R. Ce. C. C E.- V.B. 

1700 0.044 4.6 0.020 13 29 
1700 0.046 4.5 0.012 17 39 
1700 0.047 4.4 0.006 20 47 
3000 0.034 3.2 0.010 15 43 
3000 0.035 3.1 0.005 21 59 
3000 0.036 3.0 0.003 24 67 
7000 0.021 1.8 0.005 21 59 
7000 0.022 1.7 0.003 2S 75 
7000 0.023 1.7 0.002 28 87 

700 0.060 7.4 0.020 24 39 
700 0.062 7.3 0.012 28 56 
700 0.064 7.2 0.006 33 65 

1200 0.045 5.5 0.010 24 65 
1200 0.046 5.3 0.005 31 87 
1200 0.048 5.2 0.003 34 101 
2500 0.033 3.5 0.005 27 98 
2500 0.034 3.4 0.003 32 122 
2500 0.035 3.3 0.002 37 140 

300 0.075 10.8 0.020 25 51 
300 0.077 10.6 0.012 32 68 
300 0.080 10.5 0.006 35 83 
600 0.056 7.9 0.010 28 81 
600 0.057 7.5 0.005 37 109 
600 0.058 7.4 0.003 41 123 

1200 0.044 5.3 0.005 34 125 
1200 0.046 5.2 0.003 42 152 
1200 0.047 5.1 0.002 48 174 

1800 - 2.9 0.060 9 10 
2100 - 2.4 0.033 12 11 
2200 - 2.3 0.016 14 21 
3200 - 1.8 0.027 10 12 
3900 - 1.3 0.015 13 13 
4300 - 1.0 0.007 16 13 
6200. - 0.87 0.015 12 13 
8100 - 0.53 0.006 16 13 
9000 - 0.49 0.003 19 14 

1200 - 3.5 0.063 21 12 I 1600 - 2.6 0.033 29 13 
1800 - 2.4 0.016 35 13 
2200 - 1.9 0.031 26 13 
2900 - 1.35 0.Dl5 33 14 
3400 - 1.1 0.007 40 14 
4500 - 0.92 0.015 28 14 
6400 - 0.61 0.006 39 14 
8200 - 0.52 0.003 47 14 

1100 - 3.9 0.063 42 13 
1500 - 2.8 0.033 65 13 
1700 - 2.5 0.016 71 14 
2000 - 2.1 0.032 45 15 
3400 - 1.4 0.015 74 15 
3700 - 1.1 0.007 83 15 
4300 - 0.97 0.015 50 15 
7200 - 0.63 0.007 88 15 
7400 - 0.63 0.003 94 15 



RESISTANCE-COUPLED AMPLIl<'IERS 

Ebb Rp R. R,. Rk e •• 
0.047 . '0.047 - 1870 -
0.047 0.1 - 2230 -
0.047 0.22 - 2500 -
0.1 0.1 - 3370 -

90 0.1 0.22 - 4100 -
0.1 0.47 - 4800 -
0.22 0.22 - 7000 -
0.22 0.47 - 9100 -
0.22 1.00 - 10500 -
0.047 0.047 - 1500 -
0.047 0.1 - 1860 -
0.047 o.n - 2160 -
0.1 0.1 - 2750 -

180 0.1 0.22 - 3550 -
0.1 0.47 - 4140 -
0.22 0.22 - 5150 -
0.22 0.47 - 7000 -
0.22 1.00 - 7800 -
0.047 0.047 - 1300 -
0.047 0.1 - 1580 -
0.047 0.22 - 1800 -
0.1 0.1 - 2500 -

300 0.1 0.22 - 3130 -
0.1 0.47 - 3900 -
0.22 0.22 - 4800 -
0.22 0.47 - 6500 -
0.22 1.00 - 7800 -

0.1 0.1 - 4400 -
0.1 0.22 - 4700 -
0.1 0.47 - 4800 -
0.22 0.22 - 7000 -

90 0.22 0.47 - 7400 -
0.22 1.0 - 7600 -
0.47 0.47 - 12000 -
0.47 1.0 - 13000 -
0.47 2.2 - l4000 -
0.1 0.1 - 1800 -
0.1 0.22 - 2000 -
0.1 0.47 - 2200 _. 
0.22 0.22 - 3000 -

180 0.22 0.47 - 3500 -
0.22 1.0 - 3900 -
0.47 0.47 - 5800 -
0.47 1.0 - . 6700 -
0.47 2.2 - 7400 -
0.1 0.1 - 1300 -
0.1 0.22 - 1500 -
0.1 0.47 - 1700 -
0.22 0.22 - 2200 -

300 0.22 0.47 - 2800 -0.22 1.0 - 3100 -
0.47 0.47 - 4300 -0.47 1.0 - 5200 -
0.47 2.2 - 5900 -

• One triode unit. • Peak volts. 

ek e 
3.1 0.063 
2.5 0.031 
2.1 0.Q16 
1.8 0.034 
1.3 0.015 
1.1 0.006 
0.80 0.013 
0.65 0.007 
0.60 0.004 

3.6 0.066 
2.9 0.055 
2.2 0.Q15 
1.8 0.028 
1.4 0.015 
1.3 0.007 
1.0 0.016 
0.71 0.007 
0.61 0.004 

3.6 0.061 
3.0 0.032 
2.5 0.015 
1.9 0.031 
1.4 0.014 
1.2 0.0065 
0.95 0.015 
0.69 0.0065 
0.58 0.0035 

2.7 0.023 
2.4 0.013 
2.3 0.007 
1.6 0.012 
1.4 0.006 
1.3 0.003 
0.9 0.006 
0.8 0.003 
0.7 0.002 

4.0 0.025 
3.5 0.013 
3.1 0.006 
2.4 0.012 
2.1 0.006 
1.8 0.003 
1.3 0.006 
1.1 0.003 
1.0 0.002 

4.6 0.027 
4.0 0.013 
3.6 0.006 
3.0 0.013 
2.3 0.006 
2.1 0.003 
1.6 0.006 
1.3 0.003 
1.1 0.002 

Eo" 

14 
18 
20 
15 
20 
23 
16 
22 
25 

33 
41 
47 
35 
45 
51 
36 
45 
51 

59 
73 
83 
68 
82 
96 
68 
85 
96 

5 
6 
8 
6 
9 

11 
9 

11 
13 

18 
25 
32 
24 
34 
39 
30 
39 
45 

43 
57 
66 
54 
69 
79 
62 
77 
92 

V.G. 

13 
14 
14 
14 
14 
15 
14 
14 
15 

14 
14 
15 
15 
15 
16 
16 
16 
16 

14 
15 
16 
16 
16 
16 
16 
16 I 16 

29 
35 
41 
39 
45 
48 
48 
52 
55 

40 
47 
52 
53 
59 
63 
62 
66 
68 

45 
52 
57 
59 
65 
68 
69 
73 
75 
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6FQ7/ 
6CG7-

6SN7GTS-
8FQ7/ 
8CG7-
12FQ7-

12SN7GTA-
See Circuit 
Diagram 1 

® 

3AV6 
4AV6 
6AV6 

6EU7-
12AV6 

12AX7A/ 
ECC83-
20EZ7-
7025-

See Circuit 
Diagram 1 



648 

4SQ7A/ 
4BZ7-

5BK7A-
5BQ7A-
6BK7B· 
6BQ7A/ 
6BZ7/ 
6BS8-

See Circuit 
Diagram 1 

® 
3BC5/ 
3CE5 

3CS6/ 
3CF6 
4CB6 
6AG5 
6BC5/ 
6CE5 

6CB6A/ 
6CF6 

See Circuit 
Diagram 2 

Ebb Rp 

0.047 
0.047 
0.047 
0.1 

90 0.1 
0.1 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.10 

180 0.10 
0.10 
0.22 
0.22 
0.22 

0.047 
0.047 
0.047 
0.10 

300 0.10 
0.10 
0.22 
0.22 
0.22 

0.22 
0.22 
0.22 
0.47 

90 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0.22 
0.47 

180 0.47 
0.47 
1.0 
1.0 

0.22 
0.22 
0.22 
0.47 

300 0.47 
0.47 
1.0 
1.0 

• One triode unit. 

Rr 

0.047 
0.10 
0.22 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

0.047 
0.1 
0.22 
0.1 
0.22 
0.47 
0.22 
0.47 
1.0 

0.047 
0.1 
0.22 
0.10 
0.22 
0.47 
0.22 
0.47 
1.0 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

RCA RECEIVING 'TUBE MANUAL 

Rrt R. Cr. C. C Eo· V.G. 

- 1580 - 4.0 0.058 9 18 
- 1760 - 3.5 0.032 13 19 
- 1820 - 3.0 0.015 16 20 
- 2920 - 2.1 0.029 12 19 
- 3570 - 1.7 0.015 17 20 
- 4020 - 1.4 0.0075 20 20 
- 6040 - 0.98 0.0135 16 19 
- 7500 - 0.78 0.0075 21 20 
- 8800 - 0.63 0.0036 25 20 

- 694 - 6.0 0.062 25 23 - 817 - 4.4 0.032 32 24 - 905 - 4.0 0.0155 35 25 
- 1596 - 2.80 0.030 30 23 
- 1630 - 2.30 0.0152 32 24 
- 1860 - 2.00 0.0073 38 24 
- 3950 - 1.24 0.0150 35 22 
- 4500 - 0.96 0.0072 41 23 
- 5530 - 0.79 0.0038 49 23 

- 438 - 6.70 0.062 38 26 
- 542 - 5.50 0.032 48 27 
- 644 - 4.30 0.016 57 27 
- 1009 - 3.5 0.031 42 25 
- 1332 - 2.5 0.015 56 26 - 1609 - 2.1 0.0074 64 25 - 2623 - 1.5 0.015 50 24 - 3900 - 1.1 0.0073 70 24 - 4920 - 0.88 0.0039 84 24 

0.480 3800 0.046 5.5 0.0084 10 89 
0.480 3800 0.049 5.5 0.0054 16 114 
0.500 4400 0.045 5.3 0.0034 23 128 
1.04 7200 0.033 2.9 0.0044 10 111 
1.04 7700 0.033 2.8 0.0029 15 133 
1.10 8400 0.031 2.6 0.0020 18 152 
2.50 16000 0.018 1.4 0.0023 10 118 
2.50 18600 0.016 1.2 0.0017 11 139 

0.550 1600 0.072 9.5 0.0090 30 161 
0.620 1800 0.062 8.5 0.0053 36 208 
0.650 1900 0.062 8.5 0.0034 43 239 
1.00 3400 0.059 6.0 0.0048 34 183 
.1.00 3500 0.059 6.0 0.0031 41 229 
1.00 3800 0.059 5.8 0.0020 46 262 
2.60 7300 0.029 2.7 0.0022 33 227 
2.60 7400 0.029 2.7 0.0016 38 281 

0.600 980 0.085 13.0 0.0085 51 223 
0.680 1090· 0.084 12.0 0.0055 64 288 
0.700 1150 0.081 11.0 0.0033 74 334 
1.25 2000 0.064 7.9 0.0045 52 285 
1.34 2150 0.061 7.6 0.0029 67 363 
1.53 2350 0.057 7.1 0.0019 79 416 
2.60 ·4000 0.044 5.2 0.0023 51 334 

3.00 4700 0.038 4.3 0.0015 69 427 i 

• Peak volts. 



RESISTANCE-COUPLED AMPLIFIERS 

Ebb R. R. R •• R. e •• e. 
0.22 0.22 0.560 3700 0.046 4.50 
0.22 0.47 0.600 3900 0.043 4.30 
0.22 1.0 0.640 4200 0.039 4.00 
0.47 0.47 0.870 6000 0.036 2.70 

90 0.47 1.0 0.980 6700 0.044 3.00 
0.47 2.2 1.00 6700 0.043 2.80 
1.0 1.0 2.00 12200 0.021 1.44 
1.0 2.2 2.20 12800 0.024 1.74 

0.22 0.22 0.530 1570 0.069 7.50 
0.22 0.47 0.600 1730 0.064 7.40 
0.22 1.0 0.650 1820 0.061 7.30 
0.47 0.47 1.12 3200 0.053 5.30 

180 0.47 1.0 1.40 3500 0.042 5.10 
0.47 2.2 1.57 3740 0.040 5.40 
1.0 1.0 2.50 6500 0.039 .2.80 
1.0 2.2 3.40 7500 0.026 2.30 

0.22 0.22 0.600 9200 0.086 11.2 
0.22 0.47 0.670 1010 0.076 10.5 
0.22 1.0 0.720 1100 0.076 10.0 
0.47 0.47 1.25 1950 0.060 7.0 

300 0.47 1.0 1.43 3210 0.053 6.4 
0.47 2.2 1.45 2200 0.055 6.3 
1.0 1.0 3.00 4100 0.040 4.2 
1.0 2.2 3.30 4340 0.037 3.6 

0.047 0.047 - 1292 - 3.3 
0.047 0.1 - 1401 - 2.8 
0.047 0.22 - 1470 - 2.4 
0.10 0.1 - 2630 - 1.60 

90 0.10 0.22 - 3090 - 1.24 
0.10 0.47 - 3440 - 1.10 
0.22 0.22 - 6550 - 0.70 
0.22 0.47 - 8270 - 0.51 
0.22 1.0 ~ 9130 - 0.44 

0.047 0.047 - 723 -- 4.0 
0.047 0.1 - 836 - 3.5 
0.047 0.22 - 948 - 2.9 
0.10 0.1 - 1543 - 2.0 

180 0.10 0.22 - 2002 - 1.6 
0.10 0.47 - 2522 - 1.2 
0.22 0.22 - 4390 - 0.79 
0.22 0.47 - 6122 - 0.57 
0.22 1.0 - 8060 - 0.47 

0.047 0.047 - 534 - 4.0 
0.047 0.1 - 726 - 3.6 
0.047 0.22 - 840 - 3.0 
0.10 0.1 - 1117 - 2.3 

300 0.10 0.22 - 1613 - 1.7 
0.10 0.47 - 2043 - 1.31 
0.22 0.22 - 3133 - 0.93 
0.22 0.47 - 4480 - 0.69 
0.22 1.0 - 4930 - 0.56 

• Peak volts. 

e Eo" 

0.0090 12 
0.0055 17 
0.0033 19 
0.0046 16 
0.0030 22 
0.0020 25 
0.0028 15 
0.0016 21 

0.0088 32 
0.0064 38 
0.0034 45 
0.0046 35 
0.0028 40 
0.0019 45 
0.0024 34 
0.0015. 39 

0.0085 52 
0.0052 66 
0.0033 77 
0.0044 41 
0.0027 72 
0.0019 82 
0.0022 57 
0.0016 74 

0.060 8 
0.032 10 
0.016 11 
0.029 9 
0.015 12 
0.008 14 
0.015 12 
0.0077 16 
0.0045 18 

0.061 16 
0.032 20 
0.016 24 
0.031 17 
0.016 24 
0.0082 30 
0.015 24 
0.0078 33 
0.0046 41 

0.061 27 
0.031 38 
0,015 44 
0.031 26 
0.0155 41 
0.0078 51 
0.015 36 
0,0079 51 
0.0045 55 

V.G. 

73 
95 

109 
95 

113 
131 
119 
167 

82 
164 
190 
147 
209 
250 
179 
277 

182 
236 
257 
221 
296 
345 
295 
378 

12 
13 
13 
13 
13 
14 
12 
12 
12 

14 
14 
15 
14 
14 
13 
13 
12 
12 

15 
15 
15 
15 
14 
14 
13 
13 
13 
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@ 
7199 

Pentode 
Unit 

See Circuit 
Diagram 2 

@ 
7199 

. Triode 
Unit 

See Circuit 
Diagram 1 
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Replacelllent Guide

Entertainment Receiving Types 
This guide was prepared to assist in the selection of current direct replacement 
tube types for foreign and domestic receiving tubes. Domestic and foreign receiv
ing tubes are listed in numerical alphabetical sequence with the RCA type that 
can be used as a direct replacement. Types replaceable only by themselves are 
not included. Whenever possible, a defective tube should be replaced by a type 
having the same number, or a superseding number. 
The primary considerations in selecting direct replacement tubes for this guide 
are: (1) mechanical interchangeability, (2) electrical interchangeability, (3) per
formance characteristics similar to that of the original equipment. All replace
ments shown are unilateral - that is the RCA tube can replace the indicated 
type. The reverse however, is not always permissible because of differences in 
electrical ratings. In some compact equipment designs, space limitations may make 
the suggested replacement impractical. 
Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Repllced 

Replace by 
RCA Type 

OZ4,OZ4A, OZ4A/OZ4 2FY5 2GK5/2FQ5i\ 3EH7 3EH7/XFl83 
OZ4G 2GK5 2GK5/2FQ5A 3EJ7 3EJ7/XFl84 

IAE4 IL4*, IT4' 2GU5 2FS5 3EV5 3CYS 
IAF4 IU4* 2HA5,2HK5, 2HM5/2HA5 3FH5, 3FQS, 3ERS*, 3GK5 
lAM4 1T4 2HM5 3FQSA, 

3FY5 
IAQS lR5" 2T4 2AF4B/20Z4' 

3GS8 3BU8/3CSS lARS IUS 3AF4, 3AF4A 3AF4A/30Z4 
lAS5 IUS 3AW3 3A3C, 3GUS 3FSS* 
IB3GT IG3GTA/IB3GT 30B3/3CY3,. 3HA5, 3HM5 3HM5/3HA5 
IBX2 lX2C,IX2B 30J3 3HM6 3JC6A 

3HT6 3JC6A 
IBY2A lA02A* 3B2 3AlC, 

3JD6 3JC6A 1CI IR5 30Bl/3CY3,' 
3KF8 3BU8/3GSS, IONS 1U5 30J3 

1F2 1L4 3B5 3Q5GT 3H88 
3M-R24 3DK6 1F3 1T4 3BAS 3AU6 
3M-V7 3BZ6 

!FOg 1S5 3BCS 3BCS/3CE5 3Q563Q5G, 3Q5GT 
1GigIGrA 

1G3GTA/IB3GT 3BE6 3CS6 3 5GT, 3BS2, 3BS2A,3BW%3BS2A/ 3QSGT/G 
1H33 IR5' 3BS2B, 3B 3S4,3W4, 3Q4* 
IJ3, 1J3A IK3A/IJ3 3BT2, 3Z4 3BT2A 
lK3, lK3A lK3A/IJ3 

3BU8, 3BU8A 3BU8/3GS8 4BA6 4AU6* 
IN2,lN2A IG3GTA/IB3GT 4BC5 4CB6*; 40K6* 

lKA3A/IJ3 3BW2 3BW2/3BS2A/3BT2 4BE6 4CS6 
IPIO 354 3BYS 3CS6 4BL8 4BL8!XCF80 
IPll 3V4 3C4 3V4* 4BQ7, 4BQ7A 4BQ7A/4BZ7 3C5GT 3Q5GT 
lU6 lL6* 

JeB6 3CBS/3CF6 
48S8 4BQ7A/4BZ7 

2A3H 2A3 4BU8, 4BU8A 4BU8/4GS8 
2AF4,2AF4A,2AF4B/20Z4 3CE5 3BC5/3CE5 4BX8 4BQ7A/4BZ7 

2AF4B 3CFS 3CBS/3CFS 4BY6 4CSS 
2AH2 2BU2/2AH2 3CV3, JeV3A 3A3C, 30B3/3CY3 4BZ7 4BQ7A/4BZ7 

30J3 
2BA2 2AV2 4BZ8 4BQ7A/4B27, 
2BU2 2BU2/2AH2 3CX3 30A3/3DH3 4BC8 
2C22 6J5 6J5GT 3CY3 30B3/3CY3, 30J3 4CE5 4CBS*,40KS* 
20Z4 2AF4B/20Z4 30A3 30A3/30H3 4CF6 4CB6, 40E6, 40K6 
2EA5 2CY5 3DB3 30B3/3CY3 4EH7 4EH7/lFlB3 

30E6 3BZ6 
2ERS 2GK5/2FQ5i\ 4EJ7 4EJ7/LFl84 
2ES5 2GK5/2FQ5A 30H3 30A3/30H3 4ES8 4ES8XCCl89 
2EV5 2CY5 3DZ4 3AF4A/30Z4 4EW6 4LU6 
2FQ5, 2FA5A 2GK5/2FQ5A 3E5 3V4* 4F~MFQ5A, 4GK5 2FV6 2CYS 3EAS 3CY5 

* Replacement type may not work in some circuits. 



REPLACEMENT GUIDE-ENTERTAINMENT TYPES 651 

Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

4Gl7 4Gl7/XCF801 6AG5WA 6AG5 6CC31 6l6A 
4GM6 4lU6 SAG7Y SAG7 SCC43 SAQS/ECCSS 
4GS7 4US", SFG7" SAHSWA SAHS 6C03 SCE3/SC03/S0T3 
4GSS 4BUB/4GSS SAl4 SAM4" SCE3 6CE3!6C03/S0T3 
4HA5,4HK5, 4HM5/4HAS, SAl7 SAC7, SSG7', SCE5 SBC5/SCE5 

4HM5 4HQ5 SSH7" 
6CF6 SCBSA~SCFS 

4HT6 4l06,4lCSA" SAJS SAlS/ECHSl 6CG3 SCG3/ BW3/S0Q3 

4lK6 4lUS SAK5 SAK5/EF95 6CGS SBA6/EF93, 6BOS 
4JlS 4LU6 SAK7 6AG7 SCG7 SFQ7/SCG7 

4FKS 4BUS/4GSB, SAKS SAKS/EABCSO 6CH3 6Cl3/SCH3 

4HSS 6Al3 SAl3/EYSS 6Cl3 SCJ3/SCH3 

SAl9 SAG9 
SCK3 SCl3/SCK3 

4KNS 4KNS/4RHHS 6Cl3 SCl3 'SCK3 
4RHH2 4BQ7Aj4BZ7 SAQS ~~:lEccs5 6CQ4 60E4/6CQ4 
4RHHS 4KNS/4RHHS SARS 6CRS SCMS", SKZS' 
5AR4 5AR4/GZ34 6AU7 7AU7 
SAU4 SV3Aj5AU4, SAWS SCBSA/SCFS, 6CS5 SCM6' 

5U4GB, 5AS4A SOE6, SOC6 SCSS 6CMS", SKZS" 
6CU6 SBQSGTB/6CUS 

5AVS SBS" SBS, SBSG SQ7 6CW5 6CW5/El86 

SA~~4GT SU4GB, 5AS4A, SBSG, 6BSGT SBS S02 SAl5 
6B32 SAl5 SV3A/5AU4 SBA6 68A6/EF93 SOS, SOSG 6AS 

S8CS 5BQ7A SOM, SOMA SOM4A{SOM 
58ES 5BRS/5FVS" 6BC5 6BC5/SCE5 &OE4 SOE4/SCQ4 

6BCB SBCS/6BZS SOK3 SOl3 
S8RS 5BRS/SFVB SB04, SB04A 6BK4C/6El4A SOl4 SOl4/ECSS 
S8SS 5BQ7A 6BE3, SBE3A SBE3/SBZ3 SOl5 60l5/El95 SBZ7 5BQ7A 
5CG4 5AR4/GZ34, 

SBES, SBESA SBRSA/6FVSA, 60M4, 60M4Aj60M 
5V4GA,5Z4 

SClSA,6FG7 SOM4A 
SOQ3 SCG3/6BW3/S0Q3 

SBC32 SATS SOQ4 SAX4GTB, 
SCMS 5KZS SBOSGT 6AUSGT", SAVSGA" 60E4/SCQ4 SCQS SGHSA, SEAS, 5US 6BK4,6BK4A,SBK4C/SEL4A 
SCRS SKZS" SBK4B, SOQ6, S06A, SGW6/60QSB 
SOHS 5BR8/SFVS" 6BK4C SOQ6B 
SEHS SXS' SOT3 SCE3/6C03/60T3 

SBK6 6ATS,6AV6 SDT4 SAU4GTA, 
SFVS SBRS/SFV8, SBKll SKll/SBQll" , 60E4/SCQ4, 

SCLBA" SAClO 60M4A/SOQ4 
SGl7 SGl7/lCF80l SBlS SBl8/ECF80 

SOWS SCMS SGXS SHZS 68MS SAQ5A, SHG5 
SMHH3 516 SOX8 SOXS/ECl84 

SBMS SBM8/EClS2 SOYS SC~~a4 68Q5/ 
SMQS SMU8, SHlS, 6BNS SBN6/SKS6 

5GHSA SBQ5 6BQ5/El84 SEM SEH4A 
5RHH2 5BQ7A SBQSG, SBQ6GTB/6CU6 

SEAS SEV5, SAKS& SRHPI 4BlS/XCFSO SBQSGA, 
ST4 SR4GB SBQSGT, 

SEA7 
EF9S", S Y5 

SAR4/GZ34 SBQSGTA, 6EM7/SEA7 
SBQ&GTB 6EBS SAl5 

SEC4, 6EC4A SEC4A/EYSOO SV3, SV3A 5V3AjSAU4 
5W4,5W4G, 5Y3GT,5Z4 6BQ7, SBQ7A SBQ7A/SBZ7/6BSS 6EF4 SEl4A 

5W4GT 6BR3 SBR3/RK19 6EF6 SEZS', SWSGT', 
SX3 SO SBRS SBRSAlSFVSA 

SBSS SBQ7 A/SBZ7 /6BS8 60GSGT' 
SY4G, 5Y4GA,5U4GB, 5AS4A, SBTS SATS, SAVS SEH7 SEH7/EF1S3 

SY4GT 5V3Aj5AU4 SEl7 6EJ7/EF1S4 

5Z4, SZ4G, 5Y3GT, 5U4GB, SBUS SBFS SEL4, SEl4A 6BK4C/6EL4A 6BW3 6CG3/SBW3/S0Q3 5Z4GT, SAS4A, SBW7 SHMS', SEl7*, 6El7 SHMS', SEl7', 
5Z4GT/G, 5V3A/SAU4 SlCSA' SlCSA" 
Sl4MG SBXS SBCS/SBIS, SEM7 SEM7/SEA7 

SlID SU4GB 6BQ7A/SBZ7/ SESS SESS/ECClS9 

SA8G, SASGT, SAS 
SBSS SETS SOTSA", 

SABGTX, SBl3 SBE3/68Z3 
6GYS/SGXS" , 

6ASMG SBZ7 SBQ7 A/6BZ7 /SBSS 
6HZS" 

SAB7, 6AB7Y 6AC7, SSG7" , SET7 SKUS' 
SSH7' 

SBZS 6BCB/SBZS SEXS SCOSGA SC4W, SC4WASC4 SEYS 6EZ5 
SAC7A, SAC7 

SCSG,6CSGT SCS 
SFSG, 6FSGT, 6F5 

6AC7~ 6CSG SFSG" 6FSMG 
6AC7 , SC16 6BlB/ECFS() 6F6, 6FGG, 6F6, 6F6GT 
6AC7WA 6C3l SKS SFSGT, 

SA06G SAF6G 6CA7 6CA7/EL34 6FGGT/G, 
6AFSGT SAFSG SCB6, 6CBSA 6CBSA/6CF6 6F6MG 

" Replacement type may not work in some circuits, 



652 RCA RECEIVING TUBE MANUAL 

Type to lie 
Replaced 

Replice by 
RCA Type 

Type to "e. 
Replaced 

Replau by 
RCA Type 

Type to be 
Replace. 

Replace b, 
RCA Type 

SF10 SAC7 6JS,6JSG, SJS, SJSGT SlN8 6lN8/lCF80 
SF24 6EJ7/EF184 6JSGT, 6lPI2 6BM8/ECL82 
6F29 6EH7/EFI83 SJSGT/G, 6lQS 6MJ6/6lQS/ 
6F30 SEJ7/EF184 6JSGTX, SJE6C, 
6F31 6AU6A 6JSGX, 6lQ6/6JE6C 

6JSMG 6lX8 6lX8/lCF802 
6F32 6AKS/EF95 
SF36 6AH6 6JM~~G, 6J7 6Ml SUS 
SFGS 6FSS, 6HS6' 6M7G 6K7' 
6FG6, 6FG6G 6FG6tEM84 6J7GTX, 6MH6 6lF6/6MH6, 
6FH6 6GW /60Q6B 6J7MG 6lX6' 

SFQ5, 6FQSA 6GKS/6FQSA 
6J10 6Z10/6J10 6MHH3 6JS 

6MJ6 SMJS/6lQ6/SJE6C 
6FQ7 6FQ7/6CG7 6JBS 6J BS/6H ES 6FR7 6F07 6JCS 6JBS/6HES 6N7,6N7G, 6N7,6N7GT 
6FV8,6FV8A 6B R8A/6FV8A 6JOS 6HIS/6JOS 6N7GT, 
-6FW8 6KN8!6RHH8, 6JE6, 6JE6A, 6MJ6/6lQ6/ 6N7GT/G, 

60J8/ECC88, 6JE6B, 6JE6C, 6N7MG 
6ES8/ECCI89 6JE6C 6lQ6/6JE6C 6P9 6lOSA,6HGS 

SFYS 6FYS/EC97 6Jl6 6EW6,6JKS, 6PIS 6BQS/EL84 
6GS 6US 6PL12 6BM8/EClS2 
6GA8 6FQ7/6CG7', 6GM6 6Q7,6Q7G, 6Q7 

6GU7' 6JN6, 6JN6A 6JN6 6Q7GT, 
6GB3A 6BQ6GTB/6CU6 6JW8 6JW8/ECF802 6Q7MG 

6K6,6K6G, 6K6GT 
6Q8 6AS 

6GBS 6GBS/El500 
6G::~:GB7, 6GW6/60Q6B 6K6GT, 6Qll 6Kll/6Qll 

6K6GT/G, 6R3 6AF3R 6Al3/EY88, 
6G07 6US',6CGBA*, 6K6MG 6B 3/6RK19 

6FG7' 6R8 6TBA 
6K7,6K7G, 6K7 6RHH2 6BC8/6B18 

6GJ7 6GJ7/ECF80I 6K7GT 
6GJ8 6GHBA', 6Hl8, 6K7GTX, 6RHH8 6KN8'6RHH8 

6MU8 6K7MG 6RKI9 6BR3/6RKl9 
6GKS 6GKS/6FQSA 6SSG 6ES 
6GK17 6AU4GTA 6K8,6K8G, 6K8 6S7,6S7G 6K7 
6GQ7 6BC7',6BJ7' ~~gh 6SA7G, 6SA7 
6GSS 6BU8,6HS8, 6KU 6Kll/6Qll 6SA7GT, 

6MKBA 6K08 6U8A/6KD8 6SA7GT/G, 
6GUS 6FSS' 6SA7GTX, 
6GV8 6GV8/ECl8S 6KF8 6BUSS;HS8k 

6SA7GTY, 
6GW6 6GWS/60Q68 6G ,6M 8A 

6SA7Y 

6KG6A 6KG6A~EL509 6SB7, 6SB7Y 
6GW8 6GW8/ECL8S 6KN8 6KN8/ RHH8 6SB7GTY, 
6GX6 6GY6/6GX6 6KS6 6BN6/6KS6 6SB7Y 
6GY6 6GY6/6GX6 6SC7 6SC7 
6HS 6US 6KS8 6AW8A, 6JV8, 6SC7Gty 
6H6Gi; 6H6GT,6H6 6SC7G 

6H GT/G, 6lF8,6HF8 
6H6MG 6KV8 6JT8,6KR8, 6SG7 6SG7 

6lB8,6lQ8 6S(;7GT, 
6H31 6BE6 6lSG 6JS, 6JSGT, 6CS 6SG7Y 
6HAS 6HMS/6HAS 6SH7, 6SH7 
6HA6 6HB6/SHA6 6l6,6l6A, 6l6GC ~~~~tT, 
6HB6 6HB6/6HA6 6l6G, 
6HC8 6BMS/ECl82' 6L6GA, 6SJ7, 6SJ7 6L6GB, 6SJ7GT 
6HES 6JBS/6HES 6l6GC, 6SJ7GTX, 
SHG8 6HG8/ECF86 6l6GT, 6SJ7GTY, 
6HKS 6HQ5 6L6GX, 6SJ7Y 
6HK8 6BC8/6B18, 6L6Y 

SSK7, 6SK7G,6SK7, 6SK7GT 6BQ7A/6BI7/ 
68S8,6BK7B 6l7,6l7G 6L7 6SK7GT, 

6LIO 6AG7 6SK7GT~G, 
6HMS 6HMS/6HAS 6L12 6AQ8/ECC8S SSK7GT , 
6HQ6 6826, 6JH6, 6GM6' 6L13 I2AX7A/ECC83 6SK7GTY, 
6HT6 6HM6, 61C6A, . 6l3l 6AQSA 6SK7Y, 

6106 6SK7W, 
6L43 6Cl6 6SK7WA, 

6HU6 6HU6/EM87 6LOI2 6AK8/EABC80 6SK7WGT 
SHU8 6HU8/ELl80 6lF6 6lF6/6MH6, 6Sl7A, 6Sl7GT 
6H2S 6HI~JOS 6lF6/6lX6 6Sl7GT, 
6H28 6AW ,6HF8, 6lH6, 6lH6A 6U6A/6lH6A 6Sl7TY, 

6LF8,6JV8 6U6, 6USA 6l16A/6lH6A 6Sl7l 

.. Replacement type may not work in some circuits. 



REPLACEMENT GUIDE-ENTERTAINMENT TYPES 653 

Type t. ~e 
Replaced 

Rellice .y 
Re Type 

Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

6SN7A, 6SN7GTB SKSS SAUS, SAWSA, 12EA6 12EK6/12DZ6/12EA6 
6SN7GTA, SJVS 12E05 12FX5 
6V6GTA, 9AS 9AS/PCF8D 12EH5 12CA5, 12CU5/12C5 
tiSN7GTB, 9AQS 9AQS/PCCS5 12EK6 12EK6/12DZ6/12EA6 
6SN7GTY, 9EAS 9GHSA,9USA 12EN6 12L6GT, 12W6GT 
6SN7L 9GV8 9GV8/XCL85 

6SQ7, 6SQ7 12EX6 12EK6/12DZ6/12EA6 
6SQ7G, 9JW8 9JW8/PC F8D2 12F31 12BA6 
6SQ7GT 9RALI 10DE7,10EW7 12FT6 12AE6A, 12BF6 
6SQ7GT/G 9RHH2 9GH8A 12GB3 12BQ6GTB/12CU6 

6S:M~fG,SSR7 lOCW5 lOCW5/LL8S 12GB6, 12GW6/12DQ6B 
10D2 12AL5 12GB7 

6SS7, 6SK7, 6SK7GT 12GK17 12D4 
6SS7GT 100X8 10DX8/LCL84 12GN7, 12HG7/12GN7A 

6ST7 SSR7 10GVS 10GVS/LCLS5 12GN7A, 
6SZ7 SSQ7 10JAS lOJAS/10LZS 12GW6 12GW6/12DQSB 
sn 6AF4, 6AF4A, lOllS 10JA8/10LZS 12H31 12BES 

6DZ4 10P112 50BMS/UCLS2 12HG7 12HG7/12GN7 A 
6T5 6U5 
ST7G SQ7 12ACS 12AFS, 12BL6 12RK19 12AF3/12BR3/12RK19 
SU4GT SAX4GTB, SDM4A/ 12AD7 12AX7A1ECCS3,7025 12RLL3 12AV7 . 

60Q4, 12AF3 12AF3/12BR3/12RK19 12RLL5 12FQ7 
60E4,6CQ4, 12AG6 12AD6 

12SA7G, 12SA7 6W4GT 12AS5 12CAS, 12RS 
12SA7GT, 

6U6GT 6Y6GA/6YSG 12AT7 12A T7/ECCS1 
12SA7GT/G 

6U7G 6K7,6J7 12AU7, 12AU7A/ECC82 
12SA7GTY, 

6US,6USA 6USAl6KDS 12AU7A 
12SA7Y 

12SF7GT, 12SF7 6U9 6U9/ECF201 12BB14 13GBS/XLSOO 12SF7Y 6V4 SCM 12BC22 12AV6 
6V6G. 6V6GTA 12BC32 12AV6 12SG7GT, 12SG7 

6VSGT, 12SG7Y 
6V6GTA, 12BD6 12BAS 12SH7GT 12SH7 
6V6GT/G, 12BK6 12AT6, 12AV6 12SJ7GT 12SJ7 
6VSGTX, 12BQ6GAG 12BQ6GTB/12CU6 

12SK7G, 12SK7 6V6GX, 12BQ6 T, 
6V6GTY, 12BA6GTA, 12SK7GT, 
SV6Y 12BQ6GTB 12SK7GT/G, 

6WSG, 6AXSGT, 6XSGT 
12SK7GTY, 

6WSGT 12BU6 12BF6 12SK7Y 

6W7G 6J7 12BR3 12AF3/12BR3/12RKI9 12SQ7G, 12SQ7 
6XS.6XSG, 6XSGT 12BS3. 12BS3A/120W4A 12SQ7GT, 

6XSGT, 12BS3A 12SQIGT/G 
6XSGT/G, 12BT6 12A T6, 12A V6 12SX7GT 12SN7GTA 
6X5l, 12BV7 12BY7A/12BV7/12DQ7 12SY7, 12SA7 
6X5MG, 

12BY7A/12BV7/12DQ7 
12SY7GT 

6X5W, 12BY7, 
6XSWGT 12BY7A 1302 6SN7GTB 

6X!! 6X9'ECF200 12CS 12CUS/12CS 13EM7 13EM7/1SEA7 
6Y6G, 6Y6GA/6Y6G 12CK3 12CL3, 12BS3A/ 13FM7 13FM7/1SFM7 

6Y6GT, 12DW4A 13FR7 13FD7 
12CS6 12BE6 13GBS 13GBS/XLSOO 6Y6GA 12CUS 12CUS/12CS 6Y9 6Y9/EFl200 13110 13Z10/13J10 6110 6ll0/6J10 12CU6 12BQ6GTB/12CU6 13Z10 13Z10/13J10 

SZ31 6X4 12CXS 12BL6, 12AF6 14JGS 14GTS 
6ZYSG 6XSGT 12DF7 12AX7A/ECCS3,7025 lSCWS lSCWS/PlS4 
7011 6CA7/EL34 12DLS 120S7" 150QS 15DQS/PCLB4 
7HGS 7HGS/PCFS6 120M4, 12D4 lSEA7 13EM7/1SEA7 SAS 9AS/PCF8D, 120M4A 

9GHSA,9USA 
ISEW7 13DE7 
ISFM7 13FM7/1SFM7 

SBABA SAUS, SAWSA 12DMS 12FXS lSMXS lSKYSA 
8BHS SAUS, SAWSA, 120M7 12~Ns'VECCS3" , 16AS lSCWS* 

SJVS 
SCG7 8FQ7/8CG7 120Q6, 12GWS/12DQ6B 16AB lSA8'PCL82 
8CWS, SCW5/XLS6 12DQ6A, 16AQ3 16AQ3/XY88 

8CWSA 12DQ6B 16MYS 16LUSA 
SEBS SGNS/SEBS 12DQ7 12BY7A/12BV7/12DQ7 17AS 19EAS 

17ABI0 17ABI0/17X10 
8FQ7 SFQ7/SCG7 
SGJ7 SGJ7/PCF8Dl 

120T7 12AX7 A I ECCS3, 702S 17BE3 17BE3/17BZ3 12DW4A 12BS3A/120W4A SGNS SGNS'SEBS 12DZ6 f~fsW12DZ6/12EA6 
17BQ6GTB 17GW6/17DQ6B 

SGX7 8GJ7/PCF8D1* 12ESGT 17BR3 17BR3/17RK19 
SJE8 8CX8, SGN8/8EBS 12E13 6S5O, 6CA7/EL34 17~~~S3A 17BS3A/17DW4A 

• Replacement type may not work In some circuits. 
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Type to be Replace lIy Type to lie Replace lIy Type to be Replace lIy 
Replaced RCA Type Replaced RCA Type Replaced RCA Type 

17BZ3 17E3/17BZ3 30PLl3, 16GK6 B65 6SN7GTB 
17C5 17CU5/17C5 30PLl4 B152 12A T7 / ECC81 
17CL3 17CK3, 17BS3A/ 32ET5, 34G05A B309 12AT7 /ECC81 

170W4 32ET5A B329 12AU7A/ECC82 
,17CUS 17CU5/17C5 8339 12AX7A/ECC83 
170Q4 170M4A, 1704 35Z5, 35Z5G, 35Z5GT 

35Z5GT/G 8719 6AQ8/ECC85 
170Q6, 17GW6/170Q68 36K06 36K06/40K06 8739 12AT7 /ECC81 

170Q6A, 40K06 36K06/40K06 B749 12AU7A/ECC82 
170Q6B 8759 12AX7A/ECC83 

170W4A 17BS3A/l70W4A 4OKG6, 4OKG6A/PL509 BPM04 6AQ5A 
l7EW8 17EW8/HCC85 40KG6A 

42EC4, 42EC4A/PY500 CKlOO3 OZ4A/OZ4 17GW6 17GW6/170Q6B 42EC4A CSF80 4BL8/XCFBO 17JR6 17JG6A 48A8 5OBM8/UCL82 CY1758, 17L08 15KY8A CY2742, lL4 17RK19 17BR3/17RK19 5OBM8 5OBM8/UCL82 C2795 17XlO 17AB10/17XIO 5OCA5 5DEH5 D2M9,027 6AL5 
52KU, 53KU, 5Y3GT 

17Z3 17Z3/PY81 54KU 
063 6H6 18G85 18GB5/LL5oo 58HE7 53HK7 

18GE6, 18FY6A 077, 0152, 6Al5 
18GE6A 77 6C6 0717 

18GV8 18GY8/PCL85 274 5Y4GA OAF92 IU5 
310A, 328A 6C6 006 6AL5 

19C8 19T8 349A 6K6GT 
19CG3 19CG3/19DQ3 351A 6X5GT OF91 IT4 
19C18A 19JN8/19CL8A OF92 lL4 
190Q3 19CG3/190Q3 403A 6AK5/EF95 DFOO4 IU4 
191N8 19JN8/19CL8A 731A 6AK5/EF95 OH63 6Q7 

1217 6BE6 DH77 6AT6 
19MR9, 18G06A 1221 6C6 

6AK8/EABC80 19MR10 1225 617 DH719 
19MRI9 18FW6A OK91 1R5 
2OAQ3 20AQ3/LY88 1381HQ 6AK5/EF95 Dl33 3Q5GT 
21EX6 25C06GB, 25DN6 1611 6F6,6F6GT Dl37 6L6GC 

1613 6F6,6F6GT OL94 3Y4 
2IJS6A 23JS6A 1649 6AC7 
21MY8 21LU8 1655 6SC7 Dl95 3Q4 
24JE6, 24lQ6/24J E6C OLOl2 6T8A 

24JE6A, 1852 6AC7 OP61 6AK5/EF95 
24JE68 2057/6H6 6H6 OY30 1G3GTA/1B3GT 

3107 5V4GA OYBO 1X2C, 1X2B 
24lQ6 24lQ6/24JE6C 4707 6X4 
25BQ6GA, 25BQ6GTB/25CU6 5661 12SK7 E81CC 12AT7/ECC81 

25BQ6GT, E82CC 12AU7 A/ECC82 
25BQ6GTB 5ii93 6SJ7 E83CC 12AX7 A/ECC83 

25CA5 25C5,25EH5 5871 6V6GT E90F 6BH6 
5910 1U4 E90Z 6X4 

25CU6 25BQ6GT8/25CU6 5931 5U4GB 
25E5 25E5/Pl36 5932 7027A E95F 6AK5/EF95 
25EC6 25C06GB E99F 6B16 
25G86 25BQ6GTBj25CU6 5992 6V6GTA E902 6X4 

6087 5Y3GT E2157 12AT7/ECC81 
25L6, 25L6G, 25L6GT/25W6GT 6100 6C4 E2163 12AU7A/ECC82 

25L6GT, 6106 5Y3GT 
25l6GT/G 6113 6Sl7GT E2164 12AX7A/ECC83 

25W6GT 25L6GT /25W6GT EAA91 6AL5 
6134 6AC7 EABC80 6AK8/EABCBO, 

25Z6, 25Z6G, 25Z6GT 6135 6C4 6T8A 
25Z6GT, 6853 5Y3GT EB34 6H6 
'25Z6GT/G, 6968 6AK5/EF95 EB91 6AL5 
25Z6MG 7700 6C6 

27GB5 27GB5/Pl500 EBCOO 6AT6 
7717 6CY5 EBC91 SAV6 

28GB5 27GB5/Pl500 7724 14GT8 EBF32 6B8 
29KQ6 29KQ6/PL521 7732 6CB6A/6CF6 EC88 60L4/EC88 
lOA5 35C5,35EH5 7733 12BY7A/12FV7/120Q7 ECOO 6C4 
lOAE3 lOAE3/PY88 B016 IG3GTA/1B3GT 
lOCI 9A8/PCFBO EC92 6AB4 

A61 17Z3/PY81 EC94 6AF4,6AF4A 
lOP4 25E5/Pl36 A677 6C6 EC95 6ER5 
lOP18 15CW5/PL84 A863 6J7 EC97 6FY5/EC97, 
lOP19 25E5/PL36 A2900 12AT7/ECC81 6ER5 
3(}PLl2 16A8/PCl82 B36 ECOOO 6HM5/6HA5 

• Replacement type may, not work in some circuits. 
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Typa to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

Type to be 
Replaced 

Replace by 
RCA Type 

ECC32 6SN7GTB El4 6CM N18 3Q4 
ECC3S 6SL7GT El3S 6XSGT N19 3V4 
ECC81 12AT7/ECCSl El81 6CM N30EL 6LF6 
ECCS2 12AU7A/ECC82 El90, El900 6X4 N63 6F6,6F6GT 
ECC83 12AX7 A/ECC83 Gn SC6 N66 6K6GT 

ECC8S 6AQS/ECC8S Gl30 SY3GT N77 6L6GC 
ECC88 6ESS/ECClS9 Gl31 SU4GB N308 2SESfPL36 
ECC91 6J6A Gl32 SV4GA N369 16A8/PCL82 
ECClSO 6BQ7Aj6Bl7/6Bsa Gl34, Gl37 SAR4/Gl34 N378, N379 15CWS/PL84 
ECC186 12AU7A/ECC82 HS2 5U4GB N709 6BQ5 

ECC189 6ES8fECC189 H63 6FS N727 6AQSA 
ECCSOI 12AT7/ECC81 H2SO 6C6 OBC3 12SQ7 
ECCS02 12AU7AjECC82 HAA91 12ALS OM3 6H6 
ECCS03 12AX7 AjECC83 HABCSO 19T5 OM6 6K7 
ECC900 6HM5/6HAS HBC90 12AT6 OSW2190 6AC7 

ECFSO 6BLS/ECF80 HBC91 12AV6 OSW2192 6AG7 
ECFS2 6USA HCC85 17EW8fHCCS5 OSW2600 6AC7 
ECF86 6HG8/ECF86 H093 1X2B, lX2C OSW2601 6AG7 
ECF200 6X9/ECF200 HD94 6BQ6GTB/6CU6 OSW3104 6SA7 
ECF201 6U9/ECF201 H096 25BQ6GTB/25CU6 OSW3105 6SQ7 

ECFSOI 6GJ7/ECFSOI HF93 12BA6 OSW3106 6V6,6V6GTA 
ECFS02 6JWS/ECF802 OSW3107 SAR4/Gl34, 
ECH42 6C10 HF94 12AU6 5V4GA,5l4 
ECH81 6AJ8/ECHS1 HK90 12BE6 OSW3109 6H6 
ECL82 6BM8/ECL82 HL92 SOC5 OSW3110 6E5 

HM04 6BE6 
ECLB4 6DX8/ECL84 

HY90 35W4 
OSW3111 6SK7, 6SK7GT 

ECL85 6GV8/ECL85 OSW3112 6J5,6J5GT 
ECL86 6GW8/ECL86 HY145 JU4 PC95, PC97 4GK5 
ECLlOO 6BQ7 A/6Bl7 /68SS Hl90 12X4 PC900 4HM5/4HAS 
ECL180 6BQ7 Aj6Bl7 /6BS8 KT32 25L6GT /25W6GT PCCI8 7AU7 

KT63 6F6, 6F6GT 
ED2 6AL5 PCC85 9AQ8fPCC85 
EF36, EF37 6J7* KT66 6L6GC, 7027 A * PCC186 7AU7 
EF39 6K7 KT7l 50L6GT PCF80 9A8/PCFSO 
EF93 6BA6/EF93 KT77 6CA7/EL34 PCF82 9U8A 
EF94 6AU6A KTW63 6K7 PCF86 7HG8/PCF86 

KTZ63 6J7 
EF95 6AK5/EF9S PCFSOI SGJ7/PCFSOI 
EF96 SAG5 L63 6J5, 6J5GT PCFS02 9JW8/PCFS02 
EFI83 6EH7/EF1S3 L77 6C4 PCFS06 8GJ7/PCFSOI 
EF184 6EJ7/EF1S4 LC97 3GKS PCL82 16AS/PCL82 
EF190 6Bl6 LC9lO 3HM5/3HA5 PCL84 15DQ8/PCLB4 

EF8ll 6EH7/EFl83 
LCFSO 6LNS/LCFSO 

PCLS5 ISGVS/PCLS5 
EFSl4 6EJ7/EF184 LCFS6 5HG8/LCFS6 PCLSOO 16GK6 
EF905 6AK5/EF95 LCF21}1 5U9fLCF201 PF9 6K7 
EFL200 6Y6/EFL200 LCFSOI 5GJ7/LCFSOI PH4 6AS 
EH90 SCS6 LCFS02 6LX8fLCF802 PL36 25ES/PL36 

EK90 6BE6 LCLS2 llBMS PL84 15CW5/PL84 
EL34 6CWI,EL34 LCLS4 IODX8/LCL84 PLSOO 27GB5/PLSOO 
EL36 6G /6DQ6B* PLS05, PLS0940KG6AjPL509 
ELJ7 6L6GC LCL8S 10GVS/LCLS5 PLS21 29KQ6/PL521 
ELB4 6BQ5/EL84 LCL200 10DXS/LCLS4 PM04 68A6 LF183 4EH7/LF183 
ELS6 6CW5/EL86 LF1S4 4EJ7/LFl84 PM05 6AKS/EF9S* 
EL90 6AQ5A 

LLS6 IOCWS/LLS6 PYSI, PYS3 17Z~PY81 EL95 60LS/EL95 PYS8 30/1. 3/PY8S 
EL1SO 12BY7 Aj 12B V7/ LLSOO lSGBS/LLSOO PYSOO 42EC4/PYSOO 

12DQ7 LLS21 21KQ6 PY800, 17Z3/PYSI 
ELSOO 6GBS/ELSOO LN1l9 50BMS/UCl82 PYSOI LYSS 20AQ3/LY88 
ELS05, 6KG6A/ELS09 

Ll319, Ll3299A8/PCfSO 
QA2401 6C4 

ELS09 QA2404 6AL5 
ELf86 6HG8/ECFS6 MSOSO 6C4 QA2406 12AT~ECCSI 
ELLSO 6HU8/ElL80 MSOS1 6J6A QB65 6SN7 TB 
EM3S 6US MSIOI 6BA6/Ef93 QB309 12A T7/ECC81 
EM84 6FG6/EM84 MS136 12AU7 A/ECC82 

QL77 
EM87 6HU6/EM87 

6C4 
M8137 12AX7AlECC83 R19 1X2B,lX2C 

EM840 6FG6/EM84 M8162 12AT7/ CC81 RS~S:J2, 5Y3GT 
EY83 6ALJ/EY88 M824S 6AQSA 
EY88 6ALJ/EY88 MV6-S 6SA7 T2MOS 6JSA 
EYSOO 6EC4A/EYSOO N15, N16 3Q5GT TTZ63 617 

* Replacement type may not work in some circuits. 
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Type tt ,. Repllce ~ Type t. ~. Repllc. by Type to be Repllce by 
RepIH •• RCA Type Repllced RCA Typ. Replaced RCA Typ. 

U41 1G3GTA/1B3GT WT210-0082 6V6,6V6GTA X719 6AJ8/ECH81 
U50, U51 5Y3GT WT210-0084 6N7,6N7GT X727 68E6 
U52 5U4GB WT211HlO8S 50B5 XAA91, XB91 3Al5 
US4 5AR4/GZ34 WT2lO-OOB7 6K8 XC95, XC97 2GKS/ZFQ5A 
un SAR4/GZ34 WT210-0088 6JS,6JSGT XC900 2HMS/2HAS 

U78 6X4 WT210-OO90 6C6 XCC82 7AU7 
Ul47 6XSGT WT210-0148 6AXSGT XCCI89 4ES8/XCC189 
UI535 UI93, 17Z3/PY81 WT26l, 6H6 XCF80 4BL8/XCF80 

U2 I, U349 WT261A XCF82 5UB 
U707 6X4 WT308 6XSGT XCF801 4GJ7/XCF80I 

WT3B9 3Q5GT 
U709 6CA4 WT390 6CS XCL8S 9GV8/XCL8S 
UCL82 SOGM8/UCL82 XF94 3AU6 
UUl2 6CA4 WTTlO2 5Y3GT XF183 3EH7/XF183 
VZM70 6X4 WITI03 6H6 XFl84 3EJ~XF184 
VI53 17Z3/PY81 WITU4 OZ4A/OZ4 XL84 88Q WITl22 6SJ7 
V741 6C4 WTTl23 mk6V6GTA 

XL86 8CWStXL86 
V8M70 6X4 WIT124 XLSOO jl~ /Xl5OO WI7 1T4 WTTl2S gs~56N7GT 

XXA91 
~U7W63 6K7GT WTT126 XY88 16AQ3/XY88 

61<7 WTTl28 6K8 Y6l, Y64 6U5 

W727 68A6 WITI29 6JS,6J5GT YC9S 3ERS 
WT21G-0006 6H6 WITl3l 6C6 YC97 3GKS 
WT210-0007 6L6,616GC WITl35 SU4GB YCF86 5HG8/LCF86 
WT210-0021 6XSGT Xl7 IRS YCl180 5BQ7A 
WT210-OO28 3Q5GT X63 6A8 YC184 lODX8/LCl84 

WT210-OO29 6C5 X64 617 YFl83 4EH7/lFI83 
WT210-OO42 5Y3GT xn 6BE6 YFl84 4EJ7/LFI84 
WT210-0048 5U4GB XI07 18FX6* YL84 lOBQ5· 
WT21O-OO60 OZ4A/OZ4 X1SO 6CIO YL86 lOCW5/Ll86 
WT2lO-OO81 68J7 X1S5 6BC8/6BZ8 Z63 6J7 

* Replacement type may not work in some circuits. 
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Replacement Guide-Industrial 

Receiving Types 
How to Use 

This guide was prepared to assist in the selection of current replacement 
types for foreign and domestic industrial receiving tubes. The first column 
lists in numerical-alphabetical sequence the type designation of the industrial 
receiving tube types to be replaced. The next two columns give the RCA 
Replacement Types. The column under the heading "Direct" gives direct 
replacements for the type in the left hand column. The column under the 
heading "Similar" gives the types that are similar in many respects to the 
type to be replaced but which are not directly interchangeable because of 
differences in mechanical and/or electrical characteristics. For more informa
tion as to the degree of interchangeability of "Similar" types, refer to the 
data for the respective tube types. 

Types replaceable only by themselves are not included. 

Type t. h RCA Replacement Type ta h RCA Replacement 
Replaced Direct Similar Replaced Direct Similar 

OAZ OA2, OA2WA· 2C51 5670 
16073,6073/ 2021 2021,5727 

OA2 2D21W 5727 2021 6626/0A2WA 
5R4G,5R4GTY, 5R4GB 5U4GB OA2WA OA2WA, 6626/ 0A2,6073, 

OA2WA 6073/0A2 5R4GY, 
5R4GYA, 

OA3, OA3,OA3A 5R4GYB 
0A3/VR75 6AC7W, 6AC7 

OA3A OA3A 0A3 6AC7WA, 
OB2 OB2,OB2WA 6AC7Y 

6074, 6074/ 6AG5WA 6AG5 
OB2 

OB2WA OB2WA OB2,5074, 6AG7Y 6AG7 
6074/0B2 6AH6WA 6AH6WA 6AHIi 

OC3, OC3,OC3A 6AK5W 5654 6AK5/EF95 
OC3/VRI05 6AL5W 5726 6AL5,6663/ OC3A OC3A OC3 6ALS 

OC3W OC3,OC3A 5AQ5W 6005 6AQ5A 003, 003,003A 
003/VRI500 6AS6,6AS6W 5725,6AS6 

003A 003A 003 6AS7G 6AS7G, 6AS7GA, 
003W 003,003A 6080, 
OG3 565lA 6080WA 

IC21 lC21,5823 6AS7GA 6AS7GA, 6080, 6AS7G 
IF2 lL4 6080WA 

IG50 2.050, 2050A 6AS7GYB 6AS7G, 6AS7GA, 

IG84 884 
6080, 6080WA 

6AU6WA, 6AU6WB 
C22 

6136 
6J5, 6J5GT 6AU6WB 2 



658' RCA RECEIVING TUBE MANUAL 

Type to be RCA Replacement Type llbe RCA Replue.eat 
Repleced Direct Similar Repleced Direct Similar 

6BA6W 5749 6BAS/EF93, 150C1, 150C2 0A2,OA2WA, 
6S60/.6BAS 6073, 

6BE6W 5750 6BE6 6073/0A2 
6CC10 5692 6626/0A2WA 

602 5726 150C3 003,003A 
150C4 OA2WA, 6073; OAt 60J8 60J8/ECC88 6ES8/ECC189 6073/0A2, 

6J4- 6J4,8532 6626/0A2WA 
6J4WA 8532 6J4 18OC1 OB2,OB2WA; 
6J6W.6J6WA 6J6WA; 5964, 6J6A 6074, 

6101 6074/0B2 
6l6W, 6l6WA, 5881,6l6GC 245 884 

6l6WGA, 274A,274B 5R4GB 
6L6WGB, lOlA 83 6l6WGT, 
6l6Y 310B 1620 

6MH1 6J4 313C 1C21 
6RR8,6RR8C 5847/404A 328A 6C6 
6SA7Y 6SA7 348A 1620 
6SG7Y 6SG7 349A 6F6, 6F6GT, 6K6 
6SllWGT, 5963 6SJ7 351A 6X5GT 

6SllY, 359A 1C21 
6SJ7WGTY, 395A 5823 
6SJ7W 403A,403B 6AK5/EF95, 

6Sl7W, 5691 6Sl7GT 5654 
6Sl7WGT 404A 5847/404A 

6SN7GTY, 5692 6SN7GTB 
6SN7W, 409A 6AS6 
6SN7WGT, 417A 5942/417A 
6SN7WGTA 421,421A 6AS7G, 6AS7GA, 

6V6Y, 6V6GTY 6V6GTA;6V6 6080 
6X4W 6X4W, 6202 6X4 423A 5651A, 5651WA 
6Z31 6202 502A 2050, 2050A· 
7011 6550 630,63OA 2050,2050A 
12AT7WA 12ATlWA, 6201,6679/ 885 884 

12ATlWB 12AT7 954 9001 
12AT7WB 12AT7WB 12AT7WA, 62Q1, 956 9003 

6679/.12AT7 958A 9002 
12AU7WA 6189 .6670/12AU7 A, 1217 5915 

5814A, 1219 5670 12AU7 A/ECC82 
12AX7WA 6681112AX7 A 12AX7A/ECC83 1221 6C6 

1223 12El3 6550 1620 

12SA7Y 12SA7 1225 617 

12SG7Y 12SG7 1266 5823 

12SK7Y 12SK7 1267 OMG 

20A3 2021 1381HQ SAK5/EF95, 
5654 

25B6G 5824 1603 6C6 
26AS 26A6 1611 162.1 6F6,6F6GT 
26A7GT 26A7GT 1612 1612 617 
85A3 5783 1613 1621 6F6,6F6GT 
IOBC1 082,OB2WA OC3,OC3A 1614 1614 6L6 6l6GC 
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Type tD ~e RCA Replacement Type tD ~e RCA R.,lacement 
Replace' Direct Similar Replaced Direct Similar 

1620 1620 6J7 5751WA 5751,6681/ 
1621 1621 6F6,6F6GT 12AX7A 
162Z 1622 6L6,6l6GC 5812 5763 
1629 1629 6E5 5814,5814A 5814A 12AU7 MCC82, 
1,631 1614, 6l6, 6L6GC, 6189 

1622 5814WA 5814A,6189 
1649 6AC7 5840, 5840A, 5840W 584.0 

1650 955 5840W 
5842,5842/ 5842/.417A 1655 6SC7 417A 

1657,1665 2050,2050A 5844 5964,6J6A 
18S2 6AC7 5871 6V6GT 
Z013 6211 5881 5881 6l6GC 
2014 6197 6CL6, 667716CL6 5897 5718 
2(}50 2050 2050A 5899, 5899.A, 5899 
205M 2050A 2050 5900 
2051 2050 2050A 5901 5840W 5915 
2057/6H6 6H6 5910 1U4 
12AY7 12AY7 2082112AY7 5915,5915A 5915 
2081, 2081/6AW8A 6AW8A 5920 5964, 6J6A, 6101 

2081/SAW8A 5931 5U4GB 
2082, 2082/12AY7 12AY7 5932 7027A 2082/12AY7 

5963 59.63 5814A, 5590/401B 5654, 6AK5/,EF95 12AU7 A/ECC82, 5591/403B ,6680/12AU7 A 
5636A 5636 5964 5964 6J6WA,6101 
5651,565.1A 5651A,5651WA 5965A 5965 
5651WA 5651WA 565.1A 5992 6V6GTA 
5654, 5654 6AK5/EF95 6005,6005/ 6005 6AQ5A 5654/6AK5W 6AQ5W, 
5659 12A6 6005/ 
5663 5663 5696,5696A ,6AQ5W/ 
5670WA 5670 6095 
5691 5691 6Sl7GT 6012 6012 5727 
5692 5692 6SN7GTB 6028,6028/. 408A 
5693 5693 6SJ7 408A 

~58 5726,6Al5 5696 5696 5696A 
6060 6201 

5696A 5696A 5696 606Z 5763 
5725, 5725 6AS6 6003 6X4W 

5725/6AS6W 6007 5814A, 
5726/6Al5W 5726 6663/6Al5, 6AlS 12AU7 MCC82, 
5727, 5727 2021 6680/12AU7 A 

5727120Z1W 6072 6072,6072A 12AY7, 

5731 955 
2082/12AY7 

6072A 6072A 12AY7, 
5734 5734 2082./12AY7, 
5749, 5749 6BAG/EF95 6072 

5749/.6BAGW 6073,6073/ 6073,6626/ OAZ,OA2WA 
5750 5750 SBES OAZ OA2WA, 

6073/ 
5751 5751 6681/12AX7A OAl 



660 RCA RECEIvING TuBE MANUAL 

Type t. ~e RCA . Replace.elt Type to ~e RCA Replacemelt 
Replacell, Direct Si_iln Replaced Direct SI.lln 

6074,6074/ 6074,6074/ 082,OB2WA 6550 6550 7027A 
082 OB2 6626/0A2WA, 6626/0A2WA 02A,60]3, 

6080 6080, 6080WA 6AS7G,6AS7GA 6626 6073/0A2 
6080WA 6080WA 6080, 6AS7G, 6627 OB2.0B2WA. 

6AS7GA· 6074. 
6082 6082,6082A 6074/0B2 
6082A 6082 6660/6BA6, 6660/6BA6 5749. 6BA6/EF93 
6084 5879 6660 

6085 5962/ 6SN7GTB 666l!6BH6. 666l!6BH6 6BH6 

6087 5Y3GT 
6661 

666216B16, 6662/6B16 6B16 
6094 600S,6AQ5A 6662 
6095 6005 6AQ5A 6663/6ALS, 6663/6Al5 5726,6ALS 
6096 5654, 6663 

6AK5/EF95 6664/6AB4, 6664/.6AB4 6AB4 
6097 5726,6Al5, 6664 

6663/6Al5 6t669/6AQ5A, 6/i69/6AQ5A 6005,6AQ5A 
6099 5964, 6101, 616WA 6669 
6100 6C4 6676/6CB6A, 6676/6CB6A 6CB6A/5CF6 
6101,610l! 6101 5964,616WA 6676 

616WA· 6677/6Cl6, 6677/6Cl6, 6CLS 
6106 5Y3GT 6677 6197 
6113 6Sl7GT 6678/.6U8A, 6678/6U8A 6U8A/6KD8 
6134 6AC7 6678 
6135 6C4 6679!l2AT7, 6679/12AT7 12AT7WA, 

6136 6136 6AU6WB 6679 12AT7WB 
6680/12AU7 A, 6680/12AU7 A 12AU7A/ECC82 

6140/423A 5651A 6680 
6180 5S92,6SN7GTB 6681/12AX7A, 6681/,12AX7 A 12AX7A/ECC83 
6186.6186/ 6AG5 6681 

6AG5WA 6687 5915 
6187 6AS6 5725 6829 5965 
6189,6189/ 6189 5814A, 5963, 6853 5Y3GT 

12AU7WA 12AU7 A/ECC82, 6922!E88CC, 6922/E88CC 6680/12AU7A 
61'97 6197 6CLS,6677/ 6922 

6Cl6 6968 6AK5/EF95 

6201 6201 12AT7WA, 7000 1620 
12AT7WB, 7025,7025A 7025 12AX7A/ECC83 
6679/12AT7 7036 5915 

6202 6202 6X4W 7054 7054,8077/ 
I 6211A 6211 7054 

6336, 6336A, 6336A 7062 5965 i 
6337 7105 6080, 6080WA, 

6360 6360, 6360A 6AS7G~ 
6360A 63GOA 6360 6AS7G 
6385 5670 7184 6V6,6V6GTA 
6394 6082 7244,7244A 5964,6101, 
6414 5965 6J6WA 

6417 6417 7551 7245, 7245A 614,8532 

648S,648SA 5725,6ASS 7318 5814A, 
6680/12AU7 A, 

6520 6AS7G, 6AS7GA 12AU7 A/ECC82 
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Tn' to be RCA Replace.eat tYpe to.e RCA R,placemeat 
Re.lacell Direct Similar Replaced Direct Similar 

7370 5687 B739 6679/12AH, 
7494 12AX7A/ECC83, 12AHWA 

6681112AX7 A B749 58.14,6189, 
7543 6AU6WB 6680/12AU7 A 

7645 6939 B759 5751 
7700 6C6 BA2 2050 
7701 7551 CC81E 12AT7WA, 6679/12AH, 

7717 6CY5 12AHWB, 12AH /ECC81 

7724 14GT8 
6201 

CCa 6922/E88CC 
7728 6201 CV216 003,003A 
7729 6681/12AX7 A, 

12AX7A/ECC83 CV618 83 

7730 6189, 5814A, CV686 OC3,Oe3A 
6680/12AU7 A CV752 OMG 

7731 6678/SU8A, CV797 2021,5727 
6U8A/6K08 CV807 3M 

7732 6CB6A/6CF6 CV1758 1L4 
7733 12BY7A/12BV7/ CV1832 OAZ, 

120Q7 OA2WA, 6073, 
7752 6AS6 6073/0AZ, 
8016 1G3GTA/lB3GT 6626/0AZWA 

CV1833 OB2,OB2WA, 8077,80771 807717054 7054 
7054 S074, 

8136 8136 60K6 
6074/0B2 

CV1834 6AS7G, 6AS7GA, 
8162 12AHWA 12AH /ECC81 6080, 6080WA 
8196 5754 6AS6 CV1992 OMG 
8203 8203 CV2129 5763 
8204 5727 2021 CV2240 3B4WA 
8380 7587 CV2241 5642 
8382 7586 CV2390 3M 
8441 7895 CV2466 6939 
8532,8532/ 8532 614 CV2492 6922/E88CC 

6J4WA CV2522 SAS6,5725 
8556 8056 CV2573 5651A. 5751 WA 
8627 8627 8627A CV2642 5842/417A 
8627A 8627A 8627 CV2742, 1L4 
A1834 60BO,6080W 6AS7G,6AS7GA CV2795 
M91E 5726 6AL5,6663/ CV2876 5727 2021 

6ALS CV2984 60BO, 6080WA 6AS7G,6AS7GA 
ABC91 12A6 CV3508 6201 12AT7WA,12AT7WB, 
AG5210 OB2.0B2WA, 6679/12AT7 

6074, CV3512 5696, 5696A 
6074/0BZ CV3789 5842/417A 

AG5211 OAZ,OAZWA, CV3798 0A3,OA3A 
6073, 6073/0AZ CV3928 5636 5840W 
6626/0AZWA CV3930 5718 

ASG51Z, 2021,5727 
ASG5121 CV3986 6021 

B339 5751,668,1/ CV4009 5749 6BA6/EF93 
12AX7A CV4011 57125 6AS6 
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Type t. ~e RCA Replacement TYpe t. be RCA Replacement 
Replaced Direct Similar Replaced Direct Similar 

CV4017 5751 6681112AX7 A, E810F 7788 
12AX7 A/ECC83 El955 2021,5727 

CV<W18 5727 2021 EAA901, 5726 6AL5, 6663/I6AL5 
CV4020 OAlWA OAl EAA901S 
CV4023 6AU6WB 6AU6A EC70, EC71 5718 
CV4024 12AT7WA, 6679/12AT7 ECC70 6021 

12AT7WB ECC88 60J8/ECC88 
CV4025 5726 6AL5, 6663/6AL5 ECC91 6101 
CV4028 082WA OB2,6074, ECC230 S080, S080WA 6AS7G,6AS7GA 

6074/0B2 ECC801 6201 
CV4031 6101 6J6WA ECC802, 6189 6680/12AU7 A, 
CV4039 5763 ECC802S 12AU7 A/ECC82 
CV4048 5651A, 5651WA EF7l 5899 
CV4100 OA2WA, OA2,6073, EF72 5840W 

6626/0A2WA 6073/0A2 EF93 5749, 6660/SBA6 
CV4101 OB2WA OB2,6074, EF94 6136 6074/0B2 

EF95 5.654 6AK5/EF95 CV5122 5823 
EF730 5636 CV5186 5651A,5651WA 
EF731 5899 CV5212 6201 12AT7WA, 

12AT7WB, EF732 5840 
6679!12AT7 EF905 5654 6AK5/EF95 

02M9 5726 EH900S 5915 
OM160 6977 EK90 5750 
077,0152, .- 5726 EL37 , 5881,6L6GC 

0717 EN32 2050,205OA 
OCC90 3A5 EN91 2021,5727 
006,006G 5726 EN92 5696,5696A 
0077 5726 EZ90 6202 
OF92 1L4 G/50/4K 0A2 
OL93 3M ~75/20 0A3 
OL98 3B4WA G105/.1D OC3 
OP61 5654 G150/30 003 
OY70 5642 GL546 5696,5696A 
E55L 8233 GQ5G 884 
E81CC 6201, 12AT7WA 6679/12AT7, H051 OA2,OA2WA, 

12AT7 /ECC81 6073, 
E81L 6686 6073/0A2, 
E82CC 5814A,6189 6680/12AU7 A 6626/0A2WA 

12AU7A/ECC82 H052 082,082WA, 
E83CC 6681112AX7 A 6074, 

12AX7 A/ECC83 6074/082 
E88CC 6922/E88CC HM04 5750 
E91AA 5726 6AL5, 6663/6AL5 KD21 0A3 
E91H 5915 K024 OC3,OC3A 
E91N 5727 2021 K025 003,003A 
E95F 5654 6AK5/EF95 KTS6 5881 

E180F 6688A KT88 6550 
M8079 5726 6663/.6AL5, 

El82F 5847/404A 6ALS 
E188CC 7308 M8081 6101 6J6WA 



REPLACEMENT GUIDE-INDUSTRIAL TYPES 663 

Type to be RCA Replacement Type to be RCA Replacement 
Replaced Direct Similar Replaced Direct Similar 

M8096 5763 QSl211 O81WA 081,6074, 
M8098 565.1A 6074/0B2 
M8100 5654 6AK5/EF95 QS2406 6201 12AT7WA, 
M8101 5749,6660/6BA6 12ATlWB, 

6679/12AT7 
M8136 6189/12AU7WA 12AU7 A/ECC82, QS2404 5726 6Al5 5814 

QS2406 6201 12AT7WA, M8137 5751 12ATlWB 
M8138 6202 Rl2l 2021, 5727 
M8162 6201 6679/12ATl RU267 OA4G 
M8180 5654 6AK5/EF95 S856 0A2,OA2WA, 
M8190 5783 6073/0A2, 
M8196 5725 6626/0A2WA 
M8204 5727 S860 OB2,OB2W, 
M8212 5726, 6Al5 6074, 

6663/6Al5 6074/0B2 

M8223 OA2WA, OA2,6073, STV85110 5651A 
6627/0A2WA 6073/0A2 STV108/30 OB2,0B2WA, 

M8824 O81WA OB2,6074, 6D74, 
6074/0B2 6074/0B2 

M8245 6005 6AQ5A STV150/30 OA2WA, 6627/ 0A2 

ME1501 2050 
0A2WA,6073, 
6073/0A2 

NE48 991 T2M05 6ID1 
PL21 5727 2021 T60 8005 
PL1267 OMG T66G-GT, 884 
PM04 5749 TY66G 
PM05 5654 6AK5/EF95 U78 6202 
QA2404 5726 VR75 OA3,OA3A 
QA2408 5692 6SN7GTB VR105 OC3,OC3A 
QE03/1O, 5763 VR150, 003,003A 

QV03-12 VR150W 
QM556 6X4W VT83 83 
QQEQ2/5, 6939 VT138 1629 6E5 

QQV02-6 VT139 003,003A 
QS150/40 003,003A VT202 9002 • 
QS150C1, OA2,OA2WA, VTl03 9003 

QS150C2 6073, W727 5749 6073/0A2, Wl630, 2050 6626/0A2WA Wl630A 
QS150C3 003,003A WT6 1614 6l6,6L6GC 
QS1205 OA3,OA3A WT2l0-0D01 2021,5727 
QS1216 OC3, DC3A WT2l0-{)003 884 

QS1207 OA2,OA2WA, WT21O-0004 2050 2050A 
6073, WT210-D006 6H6 
6073/0A2, WT21 0-0007 6l6,6l6GC 
6626/DA2WA WT210-00Il OC3,OC3A 

QSl208 OB2, DB2WA, WT21O-{)018 003,003A 
6074, WT210-{)019 83 6074/0B2 

QS1210 OA2.WA, 0A2,6073, WT2lU~0021 6X5GT 
6626/0A2.wA 6073/0A2 WT2100028 3Q5GT 



664 RCA RECEIVING TUBE MANUAL 

Type to be RCA Replacement Type to be RCA Replacement 

Replaced Direct Similar Replaced Direct Similar 

WT2l0-0029 6C5 WT308 6X5GT 

WT2l0-0040 6X4W 6X4 WT389 3Q5GT 

WT21O-0042 5Y3GT WT390 6C5 
WT210-0048 5U4GB WT606 2021,5727 
WT2l0-0060 OZ4A/OZ4 wmoo 6X4W 6X4 
WT210-0077 5727 2021 WTTl02 5Y3GT 
WT21O-008l 6SJ7,5697 WTTlO3 6H6 
WT2l0-0082 6V6,6V6GTA WTTl08Cl OB2,OB2WA, 
WT2l0-0084 6N7,6N7GT 6074, . 

WT2l0-0085 50B5 
6074/002 

WTTl14 OZ4A/OZ4 
WT210-0087 6K8 WTTl22 5693 6SJ? 
WT2l0-0088 6J5,.6J5GT WTTl23 6V6,6V6GTA 
WT2l0-0090 6C6 WTTl23 6AT6 
WT2l0-009l OMG 

.. 

WTTl25 6N7,6N7GJ 
WT210-0l08 6AS7G, 6080, 6AS7GA 

6080WA WTT126 50B5 

WTZ10-0l48 6X5GT WTTl27 833A 

WT210-3QOO 2021,5727, WTTl28 6K8 
5727/2021W WTT129 6J5,6J6GT 

WT245 884 WTTl3l 6C6 
WT246 2050,2050A WTTl32 OMG 
WT26l, 6H6 WTT135 5U4GB WT261A 
WT269 OC3,OC3A X77 5750 

WT294 003,003A X727 5750 
WT30l, 83 Z900T 5823 

WT301A Z3000T 0 MG 
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Cutaway Views of Typical Nuvistor Triodes 
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PICTURE TUBE CHARACTERISTICS CHART 
Color Picture Tubes 

Range of 
Range of Nom. Focus Voltage 

Termi-Enve- Safety Detlec- Mu. in Volts or 82 Voltage 
lope Fea- tlDn Anode % of at 81 = Screen nal 

Type Cade ture Angle Heater Voltage Anode -150 V Diag. -Diagram 
No. • * Degrees Volts/mA kv+ Voltage Volts Incbes • 

14VAHP22h SGA H 90 6.3/900 22.5 -75V - +400V9 150 - 3901 13.557 14BH 
14VALP22h SGA M 90 6.3/900 22.5-75V - +400V9 150 - 3901 13.557 14BH 
15AEP22c SGA M 90 6.3/900 22.5 -75V - +400V9 150 - 3901 13.557 14BH 
15LP22c SGAT 0 90 6.3/900 22.5 -75V - +400V9 150 - 390; 13.557 14BH 
15NP22c SGA H 90 6.3/900 22.5 -75V - +400V9 150 - 390; 13.557 14BH 
15VADTCD1 hp SGA H 90 6.3/900 27.5 16.8 - 20.0 425 - 820 15.051 13D 
15VAETCD1 hmp SGA H 90 6.3/900 d27.5 16.8 - 20.(} 425 -820 15.051 130 
16VACP22b SGA H 90 6.3/900 22.5 -75V - +400V9 165 - 420; 16.191 14BH 
17EZP22c SGA H 90 6.3/900 22.5 -75V - +400V9 150 - 390; 16.191 14BH 
17VACP22h SGA F 90 6.3/900 22.5 -75V - +400V9 150 - 385 1 17.018 14BH 
17VADP22hm SGA F 90 6.3/900 22.5 -75V- +400V9 150 - 385; 17.018 14BH 
17VARP22hm SGA F 90 6.3/900 27.5 16.8 - 20.0 255 - 655 17.018 14BE 
17VAYTCWmP SGA F 90 6.3/900 d27.5 16.8 - 20.0 426 - 820 17.018 130 
18VAHP22b SGAT D 90 6.3/900 27.5 16.8 - 20.0 285 - 685 18.075 14BE 
18VAZP22h SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 390; 18.075 14BH 
18VBDP22b SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 390; 18.075 14BH 
18VBGP22h SGAT 0 90 6.3/900 22.5 -75V - +400Vg 150 - 390; 18.075 14BH 
18VBJP22h SGA K 90 6.3/900 22.5 -75V - +400Vg 285 - 685 18.075 14BH 
18VBKP22hm SGA F 90 6.3/900 27.5 16.8 - 20.0 285 - 68S 18:075 14BE 
19GVP22/ 

19EXP22c SGA A 90 6.3/900 27.5 16.8 - 20.0 285 - 685 18.075 14BE 
19GWP22/ 

19EYP22c SGAT 0 90 6.3/900 
19HCP22/ 

27.5 16.8 - 20.0 285 - 685 18.075 14BE 

19HKP22c SGA F 90 6.3/900 27.5 16.8 - 20.0 285 - 685 18.075 14BE 
19HNP22c SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 3901 18.075 14BH 
19JWP22c SGAT 0 90 6.3/900 22.5 -75V - +400Vg 150 - 3901 18.075 14BH 
19VABP22h RGAT D 70 6.3/1800 27.5 16.8 -20.0 310 - 690 19.250 14AU 
19VANP22h SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 390; 18.897 14BH 
19VBLP22h SGA F 110 6.3/900 27.5 16.8 - 20.0 265 - 665 18.897 13C 
19VBQP22hm SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 375; 18.897 14BH 19VBRP22,m SGA F 90 6.3/900 27.5 16.8 - 20.0 285 - 685 18.897 14BE 
19VCTP22,m SGA F 90 6.3/900 27.5 16.8- 20.0 260-650 18.897 14BE 
19VDSP22hm SGA F 90 6.3/900 d27.5 16.8 - 20.0 260 - 660 18.897 14BE 
19YDTP22h SGA F 90 6.3/900 d27.5 16.8 - 20.0 260 - 600 18.897 14BE 

, 19YEDP22hm SGA F 90 6.3/900 d32.0 16.8 - 20.0 250 - 645 18.897 14BE 
llVEUP22" SGA F 90 6.3/900 d32.0 16.8 - 20.0 250 - 645 18.897 14BE 
2DVAGP22h SGAT D 90 6.3/900 '27.5 16.8 - 20.0 285 - 685 20.233 14BE 
20YAHP22h SGA F 90 6.3/900 22.5 -75V - +400Vg 150 - 390; 20.233 14BH 
21FJP22c RGAT D 70 6.3/1800 27.5 16.8 - 20.0 310 - 690 19.250 14AU 
21 GUP22/ 

21 FBP22Ac RGA A 70 6.3/1900 27.5 16.8 - 20.0 310 - 690 19.250 14AU 
21 GYP22/ 

21FJP2~Ac RGAT 0 70 6.3/1900 27.5 16.8 - 20.0 310 - 690 19.250 14AU 
21YAKP22~m SGAT D 90 6.3/900 27.5 16.8 - 20.0 285 - 685 20.871 14BE 
21YAMP22' SGAT D 90 6.3/900 17.5- 16.8 - 20.0 285 -£85 20.871 14BE 21YBEP22h SGA F 90 6.3/900 d32.0 16.8 - 20.0 250 - 645 20871 HBE 
22JP22' SGAT D 90 6.3/900 27.5 16.8- 20.0 285 - 685 20.233 14BE 
22KP22c SGA A 90 6.3/900 27.5 16.8 - 20.0 285- 685 20.233 14BE 
22UP22c SGA F 90 6.3/900 27.5 16.8 - 20.0 285 - 685 20.233 14BE 
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Color Picture Tubes (Cont.) 
Ringe of 

Nom. Focus Valhge 
Enve· Safety Deftec· Max. in Volts or Rlnl! ef Termi· 
lope Fea· tian Anede % of at Gl = Screen nil 

T"e Code ture Angle Helter Valtlce A.ade -158 V Dil,. Dillnll 
NI. • * Delrees Valts/IIA kV+ Valhee V.lts laches .. 

23VALP22bm SGAT D 90 6.3/900 27.5 16.8 - 20.0 260 - 660 22.995 14BE 
23VANP22b SGAT D 90 6.3/900 27.5 16.8 - 20.0 260 - 660 22.995 14BE 
23VAQP22c SGA F 90 6.3/900 27.5 16.8 - 20.0 260 - 660 22.995 14BE 
25BCP22cm SGAT D 90 6.3/900 27.5 16.8 - 20.0 260 - 660 22.995 14BE 
25VABP2ZCm SGAT D 90 6.3/900 27.5 16.8 - 20.0 260 - 660 24.658 14BE 
25VAEP22c SGAT D 90 6.3/900 27.3 16.8 -20.lJo 260 - 660 24.658 14BE 
25VAMP22cm SGAT D 90 6.3(900 27.5 16.8 - 20.0 250 - 650 24.658 14BE 
25VBEP22hm SGA K 90 6.3/900 27.5 16.8 - 20.0 285 - 685 24.658 14BE 
25VCKP22cm SGAT D 90 6.3/900 d32.0 16.8 - 20.0 250 - 645 24.&58 14BE 
25VCZP22hm SGA F 90 6.3/900 d32.0 16.8 - 20.0 295 -680 24.658 14BE 
25VOXP22hm SGA D 90 6.3/9QO d32.0 16.8 - 20.0 250- 645 24.658 14BE 
25XP22/ 

25AP22Ac SGAT D 90 6.3/900 27.5 16.8 - 20.0 285 - 685 22.995 14BE 
25YP22/ 

25BP22A" SGA A 90 6.3/900 27.5 16.8 - 20.0 285 - 685 22.995 14BE 

Color Test Picture Tube 

1B30m SGAT D 90 6.3/900 27.5 16.8 - 20.0 285-685 18.075 14BE 
1895P22 SGAT D 90 6.3/900 d32.0 16.8 - 20.0 260 - 660 18.075 14BE 

Silvera mao Types for Black-and-White TV 
Nam. Design MIx. 

Enve· Safety Dellec· Facus· Max. Typical Over- Termi-
lope Fea- ti.1 ing AnDde G2 Screen .11 nal 

Type Code ture Angle Heater Method Voltage Voltage Diag. Length Dialnm 
ND. • * Degrees Volts/mA • kV Volts Inches Inches .. 

5VABP4 SGA A 70 12.0/79 E 15.0 115 5.036 7.550 7GR 
80P4* SG A 90 6.3/600 E 9.0 200 7.750 10.750 12AB 
9AEP4 SGA F 85 6.3/450 E 15.0 100 9.024 8.700 7GR 
9VABP4 SGA F 85 6.3/450 E 15.0 140 9.024 8.700 7GR 
9VAJP4 SGA H 90 11.0/140 E 15.0 90 9.000 8.700 7GR 
9WP4 SGA G 90 12.0/75 E 12.0 100 8.270 8.270 7GR 
10ATP4 SGA F 85 6.3/300 E 15.0 140 9.024 8.700 7GR 
10AVP4 SGA F 85 12.0/79 E 15.0 90 9.024 8.700 7GR 
11CP4 SGA A 110 6.3/450 E 15.0 400 10.125 9.188 8HR 
11GP4 SGA C 110 6.3/450 E 15.0 135 10.188 9.188 8HR 
12BNP4A SGA J 110 6.3/450 E 16.0 250 11.625 9.598 8HR 
120EP4 SGA F 110 6.3/450 E 15.0 100 11.625 9.690 7GR 
120FP4 SGA H 110 6.3/450 E 15.0 200 11.620 9.060 7GR 
120KP4 SGA F 110 6.3/450 E 16.0 140 .11.625 9.374 7GR 
120SP4 SGA H 110 6.3/300 E 15.0 140 11.625 9.274 7GR 
12VAGP4 SGA G 110 6.3/300 E 14.0 200 11.500 9.530 7GR 
12VAQP4 SGA G 110 4.2/450 E 15.0 140 11.500 9.530 7GR 
12VAWP4 SGA J 110 6.3/450 E 15.0 130 11.500 9.53 7GR 
12VAXP4 SGA J 110 11.0/82 E 14.0 150 11.500 9.530 7GR 
12VBNP4 SGA H 9a 11.0/140 E 15.0 90 11.500 11.125 7GR 
.. Terminal diagrams for RCA picture tubes are shown on pages 672 and 673. 
For SAFETY PRECAUTIONS and NOTES refer to page 670. * Requires ION trap. 
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Silveramaa Types for Black-and-White TV (Cont.) 

Nom. Design Max. 
Enve- Safety Deflec- Focus- Max. Typical Dver- Termi-
lope Fea- tion ing Anode G2 Screen all nal 

Type Code ture Angle Heater Method Voltage Voltage Diag. Length Diagram 
No. • * DegreEs Volts/rnA • kV Volts Inches Inches ... 

15VACP4 SGA H 114 6.3/450 E 20.0 30 14.875 1O.S11 SHR 
16CMP4A SGA G 114 6.3/450 E lS.0 300 14.875 10.811 8HR 
16RP4B SGA A 70 6.3/600 M 17.5 300 14.875 19.125 12N 
16VAGP4 SGA H 114 6.3/450 E 20.0 30 16.250 11.445 SHR 
16VBYP4 SGA F 114 11.0/140 E 22.0 130 16.250 11.450 8HR 
17BP4D SGA A 70 6.3/600 M 17.5 300 15.562 19.562 12N 
17CFP4 SGA A 90 6.3/600 E 17.5 300 15.750 14.375 12l 
170QP4 SGA A 110 6.3/450 E 17.5 50 15.750 12.375 7FA 
170RP4 SGA A 110 2.6S/450 E 17.5 300 15.750 11.000 SJK 
17LP4B SGCA A 70 6.3/600 E 17.5 300 15.562 19.562 12l 
17QP4B SGCA A 70 6.3/600 M 20.0 300 15.562 19.562 12N 
18VAUP4 SGA F 114 6.3/450 E 23.5 30 17.562 l1.S75 SHR 
19ABP4 SGA A 114 2.68/450 E 20.0 300 17.562 11.125 SJK 
19AFP4 SGA B 114 6.3/600 E 20.0 300 17.625 l1.93S 8HR 
19AJP4 SGA A 114 6.3/450 E 20.0 50 17.562 11.625 7FA 
19AVP4 SGA A 114 6.3/600 E 23.0 400 17.562 11.625 SHR 
19AYP4 SGA A 114 6.3/450 E 23.0 400 17.562 11.625 8HR 
19BOP4 SGA A 92 6.3/600 E 19.8 50 17.562 15.625 12l 
19CHP4 SGA A 114 6.3/600 E 20.0 50 17.562 l1.S75 8HR 
19CMP4 SGA A 114 6.3/450 E 20.0 30 17.562 11.875 8HR 
19CVP4 SGA B 114 6.3/450 E 23.0 50 17.625 l1.93S SHR 
19CXP4 SGA A 114 6.3/600 E 20.0 45 17.562 I1.S75 . 7FA 
190BP4 SGA D 114 6.3/450 E 19.5 40 17.562 12.125 7FA 
190QP4 SGA G 114 6.3/450 E 23.0 300 17.562 11.875 8HR 
19DRP4 SGA G 114 6.3/600 E 23.0 300 17.562 11.875 8HR 
1905P4 SGA G 114 6.3/600 E 20.0 50 17.562 l1.S75 SHR 
190UP4 SGA F 114 6.3/450 E 22.0 50 17.562 11.969 8HR 
19EBP4 SGA C 114 6.3/600 E 23.0 400 17.562 l1.S75 SHR 
19EGP4 SGA C 114 6.3/450 E 21.0 50 17.562 11.875 8HR 
19EZP4 SGA C 114 6.3/450 E 19.5 45 17.562 11.875 7FA 
19FLP4 SGA G 114 6.3/450 E 23.0 300 17.562 11.625 SHR 
19GAP4 SGA C 114 6.3/450 E 19.8 400 17.562 l1.S75 SHR 
19GEP4A SGA l 114 6.3/450 E 23.0 300 17.562 11.875 SHR 
19VAHP4 SGA H 114 6.3/450 E 23.0 30 18.625 12.519 SHR 
19VAJP4 SGA H 114 9.45/300 E 23.0 30 18.625 12.519 SHR 
19VALP4 SGA C 114 6.3/450 E 23.0 300 lS.625 12.519 SHR 
19VFEP4 SGA F 114 1 Ul/14D E 23.0 130 18.625 12.644 8HR 
20RP4 SGA F 114 6.3/450 E 22.0 50 18.625 12.613 SHR 
20VAQP4 SGA F 114 6.3/450 E 23.5 30 19.625 12.937 SHR 
21AM·P4B SGA A 90 6.3/600 M 20.0 300 20.250 20.375 12N 
21 AVP4C SGA A 72 6.3/600 E 22.0 300 20.250 23.406 12l 
21 AWP4A SGA A 72 6.3/600 M 20.0 400 20.250 23.406 12N 
21CBP4A SGA A 90 6.3/600 E 22.0 300 20.250 lS.375 12l 
21CQP4 SGA A 110 6.3/600 E 20.0 300 20.250 14.S12 7FA 
210LP4 SGA A 90 6.3/600 E 22.0 300 20.250 17.375 12l 
210SP4 SGA A 90 6.3/600 E 22.0 50 20.250 lS.375 12l 
21EMP4/ 

21EQP4 SGA A 110 6.3/600 E 20.0 500 20.250 13.440 SHR 
21 EP4C SGCA A 70 6.3/600 M 20.0 300 20.000 23.406 12N 
21 FOP4 SGA A 110 6.3/600 . E 20.0 300 20.250 13.375 SKW 
21 FP4B SGCA A 70 6.3/600 E 20.0 300 20.000 23.406 12l 
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Silveramaa Types for Black-and-White TV (Cont.) 

Nom. Design Max. 
Enn· Safety Deftee· Focus- Max. Typical Over- Termi-
lope Fea- tion ing Anode G2 Screen all nal 

Type Code ture Angle Heater Method Voltage Voltage Diag. Length Diagram 
No. • * Degrees Volts/mA • kV Volts Inches Inches & 

21 FVP4 SGA G 114 6.3/450 E 23.0 400 19.625 12.937 BHR 
21GAP4A SGA G 114 6.3/450 E 23.5 30 19.625 12.937 BHR 
21WP4B SGA A 70 6.3/600 M 20.0 300 19.250 22.B12 12N 
21XP4B SGA A 70 6.3/600 E 20.0 300 19.250 22.B12 12L 
21YP4B SGA A 70 6.3/600 E 20.0 300 20.000 23.406 12L 
21ZP4C SGA A 70 6.3/600 M 20.0 300 20.000 23.406 12N 
22VABP4 SGA F 110 6.3/450 E 23.5 30 22.312 14.406 SHR 
22VACP4 SGAT D 110 6.3/450 E 23.0 30 22.312 14.594 BHR 
22VADP4 SGA C 92 6.3/450 E 25.0 400 22.312 1B.375 12L 
22VAEP4 SGA K 110 6.3/450 E 23.0 300 22.312 15.156 BHR 
23AHP4/ 

23ASP4 SGA A 92 6.3/600 E 22.0 400 22.312 17.B75 12L 
23ARP4 SGA A 110 6.3/600 E 22.0 400 22.312 15.156 BHR 
23BGP4 SGA B 110 6.3/600 E 22.0 50 22.312 15.562 BHR 
23BJP4 SGA A 92 6.3/600 E 25.0 50 22.312 lS.500 12L 
23BKP4 SGA B 92 6.3/600 E 25.0 50 22.312 lS.875 12L 
23BQP4 SGA B 110 6.3/450 E 23.0 300 22.312 15.562 SHR 
23CGP4 SGA A 92 6.3/450 E 22.0 500 22.312 lS.375 12L 
23CP4 SGA B 110 6.3/600 E 22.0 400 22.312 15.562 SHR 
23CP4A SGA B 110 6.3/600 E 23.5 300 22.312 15.562 SHR 
23CQP4 SGA A 114 6.3/450 E 23.5 500 22.312 14.000 SHR 
23DAP4 SGA A 94 6.3/600 E 23.0 50 22.312 17.391 BHR 
23DBP4 SGA A 110 6.3/600 E 22.0 50 22.312 15.156 BHR 
23EKP4 SGA G 92 6.3/450 E 25.0 400 22.312 lS.375 12L 
23ENP4 SGA G 92 6.3/600 E 25.0 50 22.312 lS.500 12L 
23EP4 SGA B 110 6.3/600 E 22.0 50 22.312 15.562 SKP 
23ETP4 SGA G 110 6.3/600 E 23.0 300 22.312 15.156 BHR 
23EWP4A SGA F 114 6.3/450 E 22.0 400 22.312 14.B12 SHR 
23EYP4 SGA C 92 6.3/600 E 25.0 35 22.312 18.500 12L 
23EZP4 SGA K 94 6.3/450 E 23.5 50 22.312 17.390 BHR 
23FP4A SGA A 114 6.3/600 E 23.5 500 22.312 14.062 BHR 
23FRP4 SGA C 110 6.3/450 E 23.0 50 22.312 14.500 8HR 
23FSP4 SGA C 110 6.3/600 E 23.0 400 22.312 15.125 BHR 
23GWP4 SGA F 110 6.3/450 E 22.0 50 22.312 14.7Bl BHR 
23HFP4A SGA G 110 6.3/450 E 23.0 300 22.312 15.156 8HR 
23HWP4A SGA L 110 6.3/450 E 22.0 50 22.312 15.156 8HR /, 

23JEP4 SGA K 110 6.3/450 E 23.0 300 22.312 15.156 SHR 
23JP4 SGA B 110 6.3/450 E 22.0 50 22.312 15.875 7FA 
23NP4 SGA A 114 6.3/600 E 22.0 50 22.312 14.S12 BHR 
23YP4 SGA B 92 6.3/600 E 22.0 300 22.312 lS.750 12L 
24AEP4 SGA A 90 6.3/600 E 22.0 300 22.S12 19.500 12L 
24AHP4 SGA A 110 6.3/600 E 22.0 400 22.B12 16.1S8 SHR 
24AUP4 SGA A 90 6.3/600 E 22.0 300 22.S12 18.500 12l 
24CP4B SGA A 90 6.3/600 M 22.0 300 22.B12 21.500 12N 

BlaCk-and-White Test Picture Tube 

8XP4 SGA A 90 6.3/600 A 22.0 400 7.750 11.750 12S 
& Terminal diagrams for RCA picture tubes are shown 
For SAFETY PRECAUTIONS and NOTES refer to page 670. 

on pages 672 and 673. 
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SAFETY PRECAUTIONS 

In servicing a television re
ceiver that requires a replacement 
picture tube, a tube with the same 
type number or an RCA recom
mended replacement tube type 

should be used to assure the same 
or improved integral x-radiation 
shielding and implosion protection. 

Note: For additional Safety 
Precautions, refer to page 93. 

Notes for Picture Tube Characteristics Chart 

• Envelope Code (All types 
have spherical faceplate ex
cept where noted) 

R Round 
S Rectangular 
G Glass 
C Cylindrical faceplate 
A Aluminized 
T Treated faceplate 

* Safely Feature 

A Conventional Tube - Re
quires Safety Window in 
Receiver 

B Integral Moulded-Glass 
Safety Panel (Bi-Panel.) 

C Filled Rim (Shelbondt) 
D Integral Safety Panel 

(Laminated) 
F Tension Band Over Formed 

Rim Bands (Kimcode .) 
G Welded Tension Band Over 

Formed Rim Bands (Pan
O-Ply·) 

H Tension Band Over Tape 
(T-Band) 

J Welded Tension Band Over 
Tape (T-Band) 

K Tension Band Over Formed 
Rim Bands With Mounting 
LUgs (Kimcode/Lugs) 

L Welded Tension Band Over 
Formed Rim Bands With 
Mounting Lugs 
(Pan-O-Ply/Lugs) 

M Tension Band With Mount
ing Lugs Over Tape 
(T-Band Lugs) 

• }'oc:using Method 

A Automatic focus 
E Electrostatic focus 
M Magnetic focus 

Footnotes 

a. All Materials and parts 
used in the manufacture of 
RCA Silverama Picture 
Tubes are new except for 
the envelope which, prior 
to reuse, was carefully in
spected to meet the stand
ards of the original new 
envelope. 

b. Both Colorama and Hi
Lite versions are available. 

c. Only Colorama versions 
(prefix C- or CA-) are 
available. RCA Colorama 
Picture Tubes contain used 
materials which, prior to 
reuse, are carefully in-

spected to meet RCA's 
high quality standards. 

d. Absolute-Maximum value. 
g. This type has an einzel lens 

focus system. Values shown 
are in volts which do not 
vary with anode voltage. 

h. Only Hi-Lite Versions (pre
fix H-) are available. RCA 
Hi-Lite Color Picture Tubes 
contain all New Parts and 
Materials. 

j. At Grid-No.1 voltage of 
-100 volts. 

k. At Grid-No.1 voltage of 
-50 volts. 

m. MATRIX Color Picture 
Tube. 

p. Precison In-Line Color 
Picture Tube. 

• Trademark of RCA, Lan
caster, Pa., 17604 .. 

t Trademark of Coming 
Glass Works, Coming. 
N.Y. 14830 

• Trademark of Owens-
Illinois, Inc., Columbus, 
Oh. 58727 

+ Design-Maximum value un
less otherwise noted. 
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Key to Color Picture Tube Type Designation System 

Comparable 
Equivalent Japanese 

Old-Design a- New Designa- Designation Other 
tion Series tion Series Series Designation 
(Rounded-off (Rounded-off (Rounded-off Series 
Tube Glass Min. Screen Tube Glass Replaced 
Diagonal in Diagonal in Diagonal in by this 
Inches) Inches) mm) Series 

11 10V 270 
12 
13 12 V 320 
14 350 
15 14 V 370 
16 400 

15V 420 
17 16 V 440 

17V 470 
19 18 V 490 

19 V 510 
21 
21 (Round) 19 V 
22 20V 550 21 
22 21 V 
23 
25 23V 23 
26 25V 

Key to Black-and-White Picture Tube Type Designation System 

Comparable 
Equivalent Japanese 

Old-Designa- New Designa- Designation 
tion Series tion Series Series 
(Rounded-off (Rounded-off (Rounded;off 
Tube Glass Min. Screen Tube Glass 
Diagonal in Diagonal in Diasonal in 
Inches) Inches) mm 

9 230 
10 240 
11 10 V 280 
12 12V 310 
13 

13 V 340 
14 
15 
16 15 V 400 
17 16V 440 
19 18 V 470 
20 19V 500 
21 20V 520 
22 21 V 
23 22V 590 
24 
Z5 
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Terminal Diagrams for 

Picture Tubes 

H 

7FA 7FG 7GR 
Anode=G,+G,+CL 

Focusing Electrode= G, 
Anode ~ G3 + Gs + CL 
Automatic Focusing 

Anode=G,+G,+CL 
Focusing Electrode=G. 

8HR 
Anode=Gd-G,-f-CL 

Focus.lng Electrode = G, 

8KP 
Anode = G.+G5+CL 

Focusing Electrode = G. 

8JK 
Anode=G,+ G,+ CL 

Focusing Electrode=G. 

~
G44 C 

GI 3 L.::: b G2 

::: ANODE 

7 K 

I 8 
H H 

8KW 
Anode = G,-+- G,-+- CL 

Focusing Electrode=G 4 



TERMINAL DIAGRAMS FOR PICTURE TUBES 

IINOLJr 

12AB 
Anode=G,+G.+CL 

Focusing Electrode=G. 

ANODE 

128 
Anode; G3 + Gs + CL 
Automatic Focusing 

14AU 
Anode=G.+G.+CL 

Focusing Electrode=G, 

12L 
Anode=G,+G.+CL 

Focu.ing Electrode - G, 

l3C 
Anode = G4 + CL 

Focusing Electrode = GJ 

14BE 
Anode=G.+G.+CL 

Focusing Electrone=G, 

'673 

ANODE 

12N 
Anode=G.+CL 

130 
Anode; G2 + CL 

Focusing Electrode; GJ 

14BH 
Anode = Ga+G5+CL 

Focusing Electrode = G. 

) 
; 
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Circuits 

THE circuits included in this Man
ual illustrate' some of the more 

important applications of RCA re
ceiving tubes; they are not nec
essarily examples of commercial 
practice. These circuits have been 
conservatively designed and are ca
pable of excellent performance. The 
brief description provided with each 
circuit explains the functional rela
tionships of the various stages and 
points out intended applications, ma
jor performance characteristics, and 
significant design features of the 
over-all circuit. Detailed descriptive 
information on individual circuit 
stages (for example, amplifiers, de
tectors, or oscillators) is given in the 
section on Electron-Tube Applica
tions earlier in this Manual, as well 
as in many textbooks on electron
tube circuits. 

Electrical specifications are given 
for circuit components to assist those 
interested in home construction. Lay
outs and mechanical details are omit
ed because the.yvary widely with the 
requirements of individual set build
ers and with the sizes and shapes of 
the components employed. 

Circuits designed for operation 
from both ac and dc voltage sup
plies should be installed in non-me
tallic cabinets or properly insulated 
from metallic cabinets. Potentiome
ter shafts and switches should make 
use of insulated (plastic) knobs. In 
practical use, no metallic part of an 
"ac! dc"chassis should be exposed to 
touch, accidental or otherwise. When 
such circuits are tested outside of 
their cabinets, a line isolation trans
former such as the RCA. WP-25A 
Isotap. should be used. 

Performance of these circuits de
pends as much on the quality of the 
components selected and the care em
ployed in layout and construction as 
on the circuits themselves. Good 
signal reproduction from receivers 
and amplifiers requires the use of 
good-quality speakers, transformers, 
chokes, and input sources (micro
phones, phonograph pickups, etc.). 

Coils for the receiver circuits 
may be purchased at local pa~ deal
ers by specifying the characteristics 
required: for rf coils, the circuit po
sition (antenna or interstage), tun
ing range desired, and tuning ca
pacitances employed; for if coils or 
transformers, the intermediate fre
quency, circuit position (1st if, 2nd 
if, etc.), and, in some cases, the 
associated tube types; for osciUator 
coils, the receiver tuning range, the 
intermediate frequency, the type of 
converter tube, and the type of wind
ing used (tapped or transformer
coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having sub
stantially higher voltage ratings than 
those specified are used, they may not 
"form" completely at the operating 
voltage, with the result that the ef
fective capacitances of such units may 
be below their rated value. The watt
age ratings specified for resistors as
sume methods of construction that 
provide adequate ventilation; com-
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pact installations having poor venti
lation may require resistors of higher 
wattage ratings. 

erly dressed to minimize undesirable 
coupling aDd capacitance effects. Cor
rect circuit alignment and oscillator 
tracking may require the use of a 
cathode-ray oscilloscope, a high-im
pedance vacuum-tube voltmeter, and 
a signal generator capable of sup
plying a properly modulated signal 
at the appropriate frequencies. Un
less the builder has had considerable 
experience with broad-band, high
frequency circuits, he should not 
undertake the construction of such 
circuits. 

Circuits which work at very high 
frequencies or which are required 
to handle very wide bandwidths de
mand more than ordinary skill and 
experience in construction. Place
ment of component parts is quite 
critical and may require considerable 
experimentation. All rf leads to com
ponents including bypass capacitors 
must be kept short and must be prop-
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER 

( 
I 
I 
I 
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117-V. 
AC 

LINE 

CHASSIS 

DIODE DETECTOR,Ave, 
If" AMPLIf"IER AUDIO AMPLIFlER 
TYPE 12BA,!._~ __ ..., TYPE 12AV6 

...----.r-If--., 

POWER 
AMPLIf"IER 
TYPE ~OC~ 

TYPE TYPE TYPE 
12BE6 12BA6 ~OC~ 

~~~--------------~~ 
SI 

Parts List 
C1, C=Ganged tuning ca

pacitors ; C1, 10-365 pF, 
CG, 7-115 pF 

C.=Trimmer capacitor, 4-30 
pF 

C.=0.05 p.F, paper, 50 V 
C.=O.1 p.F, paper, 400 V 
Ce=Trimmer capacitor, 

2-17 pF 
C.=56 pF, ceramic 
C.= 30 p.F, electrolytic, 

150 V 
Co, ClO=150 pF, ceramic 
Cu, C,,=0.02 p.F, paper, 

400 V 
Cu=0.002 p.F, paper, 400 V 
C18=330 pF, mica 

Circuit Description 

C15=0.05 p.F, paper, 400 V 
C18= 50 p.F, electrolytic, 

150 V 
I1=Panel lamp, No. 40 or 47 
L=Loop antenna or ferrite

rod antenna, 540-1600 kHz 
(with specified values of 
capacitance for C1 and 02) 

R1=0.22 megohm, 0.5 watt 
R.=33000 ohms, 0.5 watt 
&=100 ohms, 0.5 watt 
R.=3.3 megohms, 0.5 watt 
R.=47000 ohms, 0.5 watt 
R.=Volume control, potenti-

ometer, 0.5 megohnl 
R.=4.7 megohms, 0.1> watt 
Ro, R.=0.47 megohm. 

0.5 watt 

R1o=150 ohms, 0.5 watt 
Ru=1200 ohms, 1 watt 
S1=On-otf switch; single-

pole, single-throw 
Sp.=Speaker 
T.= Oscillator coil for use 

with 7-115 pF tuning ca
pacitor and 455-kHz intel'
mediate-frequency trans
former 

T., T.=Intermediate-fre
queney transformers, 455 
kHz (permeability-tuned 
type may be used) 

T.=Output transformer for 
matching impedance of 
voice coil to 2500-ohm 
load 

This basic five-tube superhetero
dyne radio receiver operates directly 
from an ac power line or a dc supply 
of 117 volts. AC power inputs are con
verted to dc power by the 35W4 half
wave rectifier circuit. The receiver 
uses a series heater arrangement. 
With ON-OFF switch 81 closed, the 
heater string is connected directly 
across the 117 -volt input terminals. 
A 6.3-volt panel lamp 11 connected be
tween heater pins 3 and 6 of the 35W 4 

rectifier tube lights to indicate that 
power is applied to the receiver. 

A ferrite-rod or loop antenna L 
and tuning capacitor C1 select ampli
tude-modulated rf signals from the 
desired broadcast-band (550 to 1600 
kHz) radio station and couple these 
signals to grid No.3 (pin 7) of the 
12BE6 pentagrid converter. A local
oscillator signal, developed by the 
resonant circuit formed by oscillator 
coil T1 and variable capacitors C. and 
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER (Cont'd) 

Circuit Description (Cont'd) 

Cr., is also applied to the 12BE6 pen
tagrid converter, at grid No.1 (pin 
1). The modulated-rf and local-oscil
lator signals are mixed across the 
nonlinear impedance of the converter 
tube to produce the 455-kHz inter
mediate frequency used in the re
ceiver. The antenna and oscillator 
tuning capacitors C, and C. are me
chanically ganged so that the an
tenna and oscillator resonant circuits 
can be adjusted together to maintain 
the 455-kHz difference frequency for 
any dial setting in the broadcast-fre
quency band. Trimmer capacitors C~ 
and C. are adjusted to assure that 
the desired tracking relationship is 
maintained across the band. Positive 
feedback to sustain .oscillations is in
ductively coupled by T, from the cath
ode of the 12BE6 converter to the 
local-oscillator resonant circuit. 

A single if stage, which uses 
a high-transconductance 12BA6 re
mote-cutoff pentode, provides the re
quired amplification of the interme
diate-frequency signals. This stage 
is made selective at 455 kHz by the 
double-tuned input and output trans
formers T2 and T". Audio-signal com
ponents are extracted from the if 

signal by the second-detector circuit, 
which consists of the pin 6 diode 
section in the 12A V6 tube and asso
ciated components. (The pin 5 diode 
section of the 12A V6 is not used and 
is shorted to the tube cathode, pin 
2.) The audio output from the de
tector is developed across the VOL. 
CONT. potentiometer RIl, which pro
vides manual adjustment of the out
put sound level of the receiver. The 
detector also develops a negative dc 
voltage proportional to the rf input 
across a 150-picofarad capacitor Co 
for automatic volume control in the 
receiver. This avc voltage is used as 
bias for the converter and if amplifier 
and automatically controls the gain 
of these stages. 

The audio-signal voltage at the 
wiper arm of the VOL. CONT. poten
tiometer is amplified by the triode 
(audio-voltage-amplifier) section of 
the 12A V6 and is then used to drive 
the 50C5 audio output stage. The out
put stage develops the audio power 
required to produce an audible out
put from the speaker. Audio output 
transformer T" matches the 2500-ohm 
plate-load impedance of the 50C5 to 
the speaker voice coil. 

29-2 AM/FM SUPERHETERODYNE RADIO RECEIVER 

Circuit Description 

This AM/FM radio receiver op
erates directly from either an ac 
power line or a dc supply of 117 volts. 
AC power inputs are converted to dc 
power by a IN3756 silicon-rectifier 
half-wave power supply. The receiver 
uses a series heater string, which is 
connected across the 117 -volt input 
when ON -OFF switch Sa and inter
lock S" are closed. The interlock as
sures that power is auto~atically dis
connected when the receiver is re
moved from the chassis. 

AM or FM operation of the re
ceiver is selected by means of switch 
S,. For AM operation (S, set to AM 

position), amplitude - modulated rf 
signals in the AM broadcast band 
(550 to 1600 kHz) from the desired 
radio broadcast station are selected 
by antenna L2 and tuning capacitor 
C~". These signals are amplified and 
converted to the 455-kHz AM inter
mediate frequency by the 12BE6 pen
tagrid converter. Tuning capacitors 
C,. and C" are mechanically ganged 
so that the antenna and local-oscil
lator sections of the converter can be 
tuned simultaneously to maintain the 
455-kHz difference frequency for any 
station setting. Trimmer adjustments 
are provided by variable capacitors 
C", and C". 
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29-2 

AM 
ANT. 
L2 

AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 
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I FM-AFC -
I ~-4----{ 
I 

~----~----------------------~------~D 

TYPE IN37S6 
O~--~.~------~----~~~----~----~--~ 

vdL~s 52 RI4 J;C39 8+ 
AC-DC ~ C37 

a ~ 53 TYPE TYPE TYPE TYPE TYPE 
~W SDCS 12DTB 12BE6 19HR6 12AU6 

TYPE 
14GTB 

1 U 1 
CHASSIS RI3 

Parts List 

C1=Part of PC1 
C.=Part of PC. 
es, C1!?=Ganged tuning ca· 

pacitOl·s ; tune L1 and T. to 
88·108 MHz 

Cj, C13=Trimmer capacitors, 
1·7 pF 

CG_ C16, C18=1000 pF, feed
through, 500 V 

C.=0.1 p,F, ceramic, 500 V 

C7=36 pF, ceramic, 600 V 
Cs, 014=6.8 pF, ceramic, 

500 V 
C.=l1 pF, ceramic, 500 V 
C10=68 pF, ceramic, 600 V 
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29-2 

1 ST. IF AMP. 

C40.;!; 

RCA RECEIVING TUBE MANUAL 

AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

2 NO. FM IF AMP.fLlM .• AM DET. RATIODET. 

C421 

lC43 ~4 
R24 

C41 RIB R21 R23 R25 

RIG Rig 

+---r---3-'\NV-'. I SIC 
RI7 R22 A~ 

I 
I 

r-----------------~ 

Parts List (Cont'd) 

Cll=21 pF. ceramic, 500 V 
C15= 500 pF. feedthrough. 

500 V 
C17=0.22 p.F. ceramic disc, 

500 V 

I ST. AUDIO AMP. AUDIO OUTPUT 

C,., Cc'O=2 pF, feedthrough, 
500 V 

Cn, Ca., Coo=2000 pF, 
feedthrough, 500 V 

C22==IF transformer tuning 
capacitor; value. with cable 
capacitance. tunes Ta to 
10.7 MHz 
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29-2 AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

Circuit Description (Cont'd) 

With switch 8, in the FM or FM
AFC position, the FM tuner selects 
rf signals in the FM broadcast band 
(88 to 108 MHz) from the desired 
FM radio station, amplifies these sig
nals, and converts them to the 10.7-
MHz FM intermediate frequency. The 
rf-amplifier and converter stages of 
the tuner each use one section of a 
12DT8 high-mu twin triode. Ganged 
tuning of the rf-amplifier and con
verter tuning capacitors, C. and C'" 
assures that the converter local-oscil
lator frequency tracks the input tun
ing at 10.7 MHz above the center 
frequency of the FM channel selected. 
Trimmer adjustments are provided 
by variable capacitors C, and CJ •• 

The 19HR6 if amplifier is used 
in both FM and AM modes of opera
tion. Depending upon the setting of 
selector switch 8" this stage ampli
fies the frequency-modulated 10.7-
MHz intermediate-frequency output 
from the FM converter or the am
plitude-modulated 455-kHz interme
diate-frequency signal from the AM 
converter. Additional amplification of 
FM if signals is provided by the 
.12AU6 pentode stage, which is used 
as a combination second FM if am
plifier and noise limiter. A portion of 
the 12A U6 stage is also used as a 
second detector circuit to extract the 
audio-signal components from the 
455-kHz AM if signals. For this de
modulation function, the cathode and 
control grid of the 12AU6 are used 
as the detector diode. The 10.7-MHz 
FM if signals are demodulated and 
amplitude distortion is removed by a 
ratio detector that uses the diode sec
tions of a 14GT8 twin diode-high-

mu triode. Good selectivity in the if 
amplifier and detector at 10.7 MHz 
is provided by the double-tuned trans
formers Ta, To, and TR, and at 455 
kHz by the double-tuned transform
ers T. and T7• 

Depending upon the mode of op
eration, a section of 8, selects the 
audio output from the AM detector 
or from the FM ratio detector. The 
selected audio output is amplified by 
an audio voltage amplifier which 
uses the high-mu triode section of 
a 14GT8 and a 50C5 audio output 
stage. The output stage provides the 
power necessary to produce the re
quired speaker output. Transformer 
T. matches the 2500-ohm plate im
pedance of the 50C5 to the speaker 
voice coil. Manual adjustment of the 
receiver output is provided by the 
VOL. CONT. potentiometer R", in the 
control-grid circuit of the audio volt
age amplifier. 

A negative dc voltage propor
tional to the input signal level is de
veloped across R,. and C" during 
either AM or FM operation of the 
receiver. This voltage is applied as 
bias to the control grill (pin 1) of the 
19HR6 if amplifier and the signal grid 
(pin 7) of the 12BE6 AM converter to 
provide automatic gain control of the 
receiver in each mode of operation. 
With 8, in the FM-AFC position, the 
1N3182 AFC diode rectifies the volt
age across the tertiary winding of the 
ratio-detector transformer T •. The re
sultant frequency-sensitive voltage, 
applied to the plate resonant circuits 
of the FM rf-amplifier and converter 
stages, provides automatic frequency 
control in the FM tuner. 

Note: See general considerations for construction of high ... 
frequency and broad·band cireuits on page 675. 
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29-2 AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

Parts List (Cont'd) 

C .. =4700 pF. ceramic. 
500 V 

ea.=O.15 I'F. paper. 200 V c ..... C.,.=Ganged tuning ea
pacito.'S; tune T. to 
540-1650 kHz 

C ... C .. :::Trimmer capaci
to1'S.12pF c... C .... C .... C,,=O.OI p.F. 
eeramic, 500 V 

C..,=Part of T. 
CIIl, C •• =1000 pF. eeramic. 

500 V 
C .. =Part of T. 
C .. =O.lI'F. eeramie. 500 V 
C .. =0.04'lI'F. paper, 400 V 
C .. =80 p,F, electrolytic. 

150 V 
C ... C •• =2700 pF. eeramic, 

500 V 
Cn, C.3=100 pF. eeramic, 

500V,NPO 
Cu, 0..=330 pF, mica, 

500 V 
0.0=2 I'F. electrolytic, 50 V 
C ... =O.Ol p.F, paper. 200 V 
C .. =5600 pF. ceramie, 500 V 
C .. =O.l I'F, paper, 200 V 
C .. =0.022 p,F. paper, 200 V 
C .. =50 I'F, electrolytie, 

150 V 
Lt, La=l p,H, l·f coil 

29-3 

Circuit Description 

L:.=Antenna, air-loop type 
with back cover 

PC1. PC.=Printed circuit; 
ineludes 0.5 megohm. 
0.25-watt resister and 470-
picofarad. 500-volt capa
citor; RCA Stock No. 
104328 

R1=Part of PC. 
R.= Part of PC. 
Ra=2200 ohms. 0.5 watt 
R.=1200 ohms. 0.5 watt 
Ra. Rn=33000 ohms. 0.5 

watt 
Ro, Ru=22000 ohms. 0.5 

watt 
RT, R .. , R:n=0.47 megohm. 

0.5 watt 
R.=3900 ohms. 0.5 watt 
Ro, R2!!=47000 ohms. 0.5 

watt 
R,o=220 ohms, 0.5 watt 
Rl •• R1T=l megohm, 0.5 watt 
Rla=0.22 megohm. 0.5 watt 
R .. =100 ohms. wire-wound. 

4 watts 
R1., R20=68 ohms. 0.5 watt 
R10=4700 ohms, 0.5 watt 
R,s=0.33 megohm. 0.5 watt 
R10. R •• =1000 ohms. 0.5 watt 
R ••• Ro.=6800 ohms. 0.5 watt 
R26:::220 ohms, 0.5 watt 

FM TUNER 

R:n:::3.:tmegohms.0.5 watt 
R26:::Volume eontrol. potenti

ometer. 1 megohm. part of 
assembly with Sa 

R30=4.7 megohms. 0.5 watt 
Rao=150 obms. 0.5 watt 
Raa=1500 ohms. 0.5 watt 
R .. =820 ohms. 0.5 watt 
Rao=3900 ohms. 0.5 watt 
R .. =560 ohms. 0.5 watt 
St=AM-FM-AFC selector; 

a-section slide switch 
S.=Interlock 
S3=ON-OFF switeh. part of 

assembly with Roo 
Tl=FM antenna transformer 
T.=FM oscillator trans

former 
T •• T.=FM if transformer. 

10.7 MHz 
T.=AM oscillator coil; with 

specified values of tuning 
and trimmer capacitance, 
tunes to 540 to 1600 kHz 

To. TT=AM if transformer. 
455 kHz 

To= Ratio-detector trans
former, 10.7 MHz 

T.=Audio output trans
former. matches imped
anee of speaker voice coil 
to 2500-ohm tube load 

This three-stage FM tuner fea
tures a pair of 6CW 4 nuvistor triodes 
operated' in a low-noise, high-gain 
cascode rf-amplifier stage. The mixer 
and local-oscillator sections of the 
tuner use the pentode and triode sec
tions, respectively, of a 6KES triode
pentode. The dc operating power for 
the tuner is obtained from a 1S0-volt, 
20-milliampere supply, Power for the 
tube heaters is obtained from a 6.3-
volt, 660-milliampere ac source. 

the control grid of the mixer stage. 
The local oscillator generates a sig
nal, at a frequency 10.7 MHz above 
the center frequency of the selected 
FM channel, which is also applied to 
the control grid of the mixer stage. 
The rf and local-oscillator signals are 
mixed to produce the desired 10.7-
MHz FM intermediate frequency. 
Ganged tuning of the antenna, mixer, 
and local-oscillator tuning capacitors, 
C" C'" and C1G, assures that the local
oscillator frequency tracks the input 
tuning at 10.7 MHz above the selected 
FM channel. Capacitors Co, C,., and 
C .. are trimmer adjustments for the 
tuner. The double-tuned transformer 
T. selects the 10.7-MHz FM if signals 
at the plate of the mixer stages and 
couples them to the if-amplifier/ 
limiter section of the FM receiver. 

The tuner uses a 300-ohm bal
anced antenna. Antenna transformer 
Tl matches the 300-ohm antenna im
pedance to the input circuit of the 
cascode rf amplifier. Antenna tuning 
capacitor C. is adjusted to select the 
desired FM channel. The frequency
modulatedrf signals ~re amplified by 
the cascode rf stage and coupled to 
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TO 300 OHM 1-

FM TUNER (Cont'd) 

CASCODE 
RF AMPLIFIER 

CII 

\

BALANCED 
ANTENNA 

I~TI~ &l C4 

C5 
"--....1 

= = 

TYPE TYPE TYPE 
6CW4 6CW4 6KES 

10 4 

= 
La C37 Lg 

~ 
6.3 V 
660mA 

MIXER 
r--_"'"'I 

683 

• A metal shield should be provided between grid and plate terminals on the 6CW 4 socket. 

Parts List 
Cl, C8, Cos, e .. =O.Ol p.F, 

ceramic disc, 400 V 
C2, C31=2000 pF, feed

through, 400 V 
Ca, Cll, C21, C3-1, 036, C37, 

0 .. =1000 pF feedthrough, 
400 V 

C4, C13, C16==Ganged tuning 
capacitor; 6.6-23 pF, 400 V ; 
Miller No. 1461-BS or 
equiv. 

Cs, Co, C28=1000 pF, 
ceramic, 400 V 

C6, C15, Cl0=Trimmer ca
pacitors, 1-7.5 pF, 
ceramic, 400 V 

C7, C18, C33=10 pF, eel'arnie, 
400 V 

ClO=2000 pF, ceramic disc, 
400 V 

C", C",,=2000 pF, ceramic, 
400 V 

Cu, C32=6.8 pF. ceramic, 
400 V 

C17=0.22 p.F, ceramic, 400 V 
C:ro=18 pF, ceramic, 400 V 
C22==Capacitor inserted in 

place of tuning capacitor 
in secondary winding of T2 ; 
value with cable capaci
tance tunes output circuit 
of tuner to 10.7 MHz 

C"", C2.,=2 pF feed through, 
400 V 

C25=22 pF, ceramic, 400 V 
C26=2.2 pF, ceramic, 400 V 
C27=47 pF, ceramic, 400 V 
C,.=Part of T. 
L,=RF coil, 5 turns of No. 

22 enamel wire close-

wound on *-inch-diameter 
coil form 

L2=RF coil, 12 turns of No. 
22 enamel wire close
wound on %,-inch-diameter 
slug-tuned coil form; tun
ing slug = %-inch-Iong 
Moldite No. 5101 ferrite 
or equiv. 

L,=RF choke, 4 p.H, J. W. 
Miller No. 70F396A1 or 
equiv. 

L.=RF coil, 3 tUl'n8 of No. 
16 enamel wh'e wound 
double-spaced on %,-inch
diameter slug-tuned coil 
form; tuning slug = %
inch-long Moldite No. 
5101 ferrite 01' equiv. 

L5=RF coil, 1-¥.. turns of 
No. 16 enamel wire c1ose-
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Parts List (Cont'd) 

wound on ~-inch-diameter 
slug-tuned coil form: 
tuning slug='l8-inch-long 
Moldite No. 5101 ferrite 

Bradley resistor or resistor 
of equivalent physical size 

R,. R,.=220 ohms. 0.5 watt 
R.=5 ohms. 0.5 watt 

T,=Antenna transformer; 
primary: 2 turns of No. 32 
wire with type B nylon 
insulation, Alpha No. 1860 
or equivalent. center
tapped: secondary: 3 turns 
of No. 16 enamel wire; 
wound double-spaced on 
~-inch-long coil form; tun
ing slug = 'l8-inch-long 
Moldite No. 5101 ferrite 
orequiv. . 

or eQuiv. 
L.=RF choke, 2JLH, Ohmite 

No. Z144 or equiv. 

R .. R.::::0.47 megohm. 0.5 
watt 

R.. Ro. R.=47000 ohms, 0.5 
watt Lr=RF coil: 0.4 JLH: 20 

turns of No. 26 enamel 
wire close-wound· on a 0.47 
megohm. 0.5-watt Allen
Bradley resistor or resistor 
of equivalent physical size 

R.=O.l megohm. 0.5 watt 
R7=3900 ohms, 0.5 watt 
R,o=22000 ohms. 0.5 watt 
Rll=4700 ohms. 0.5 watt 

Ls, Lo=RF chokes; 1JLH; 25 
turns of No. 24 enamel wire 
close-wound on a 0.47-
megohm. 1-watt Allen-

R .. =15000 ohms. 0.5 watt 
S,=AM/FM range switch: 

T.=FM if transformer. 10.7 
MHz; J. W. Miller 1451 or 
equiv. ; capacitor in seeond .. 
ary should be replaced by 
CO2 

open position is used for 
local stations. closed posi_ 
tion for distant stations 

Note: See general considerations for construction of high-frequency and broadband circuits 
on page 675. 

29-4 THREE-STAGE IF AMPLIFIER/LIMITER 
AND DETECTOR 

For Monaural or Stereo Tuner 

Circuit Description 

This three-stage if amplifier! 
limiter and detector circuit, when 
used with a front-end. circuit such as 
that shown in circuit 25-3, makes pos
sible an over-all tuner gain of 35 dB. 
The over-all bandwidth of the if
amplifier stages, between the 6-dB
down points, is 300 kHz, and the peak 
separation of the detector is 440 kHz. 
The circuit provides a signal-to-noise 
ratio of 20 dB for an input of 2.8 
microvolts or 30 dB for an input of 
4.1 microvolts. The 6HR6 and 6HS6 
pentodes used in the if-amplifier 
stages have very high transconduct
ance and a grid-No.l-to-plate capaci
tance substantially less than 0.01 
picofarad and are, therefore, espe
cially suited for use in FM if ampli
fiers and television sound if ampli
fiers. These pentodes operate from a 
l80-volt, 25-milliampere dc supply. 
Heater power for the pentodes and 
for the 6AL5 twin diode used in the 
ratio detector is obtained from a 6.3-
volt ac source. 

The frequency-modulated, 10.7-
MHz intermediate-frequency signal 
from the mixer stage in the FM tuner 
is applied to the control grid of the 
first if-amplifier stage. This signal is 
amplified by the three transformer-

coupled amplifieE stages and applied 
by transformer T. to the ratio de
tector. The doubled-tuned.coupling 
transformers T" T., and T. provide the 
selectivity at 10.7 MHz and the band
pass characteristics required for op
timum transfer of the frequency
modulated signal. Circuit stability is 
improved by the use of unbypassed 
cathode resistors in each amplifier 
stage. The first two if stages are 
basically amplifiers, although they 
provide some saturation limiting of 
large-level signals. The 3300-ohm 
. screen-grid dropping resistors (R. 
and R.) reduce the screen-grid volt .. 
ages in these stages to obtain the 
desired limiting characteristics. The 
6HR6 pentode used in the first if am
plifier . is a remote-cutoff tube and, if 
desired, this stage may be operated 
with agc bias. The 6HS6 pentodes 
used in the second and third if stages 
are sharp-cutoff tubes. In addition, 
the screen-grid voltage divider net
work (R. and Rs) for the third stage 
substantially reduces the screen-grid 
voltage so that the stage will provide 
both cutoff and saturation limiting of 
large-level signals. The limiting in the 
if stages helps remove any amplitude 
modulation from the frequency-mod.., 
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29-4 THREE-STAGE IF AMPLIFIER/LIMITER 
AND DETECTOR (Cont'd) 

IF AMPLIFIER/LIMITERS 

,..-__ -, T, ,.-__ -, 

B+ 
IBOV 

25 mA 

= = Rg 

TYPE TYPE TYPE TYPE 
6HR6 6HS6 6HS6 6AL5 

Parts List 

Cl, C.=Part of Tl 
Co, C.=2200 pF, ceramic 

disc, 400 V 
C.= 50 JI.F, electrolytic, 

450 V 
Ca, C.=Part of T. 
C.=47 pF, ceramic disc, 

400 V 
Ca, CIS, C18, Coo, C .. =O.Ol 

/.IF, ceramic disc, 400 V 
ClO=1500 pF ceramic disc, 

400 V 
Cu=Part of T. 

6.3 V 

RATIO 
DETECTOR 

Cu, C13, C .. =330 pF, 
ceramic disc, 400 V 

C .. =100 pF, ceramic disc, 
400 V 

C18=2 /.IF, electrolytic, 
400 V 

C17=1000 pF, ceramic disc, 
400 V 

Ll, 14, 14=1 J.IlI 
Rl, R.=68 ohms, 0.5 watt 
R., R., R18=3300 ohms, 

0.5 watt 
Ra=O.l megohm, 0.5 watt 

----, 
I 

clil 
I 
I 

__ ~J 

Ro, RlO=100 ohms, 0.5 watt 
R.=15000 ohms, 0.5 watt 
R.=ZZOOO ohms, 0.5 watt 
Ro=2200 ohms, 3 watts 
Ru=1200 ohms, 0.5 watt 
Ru=390 ohms, 0.5 watt 
R .. , R15=6800 ohms, 

0.5 watt 
R18=68000 ohms, 0.5 watt 
Tl, T.=IF transformers, 

10.7 MHz 
T3=Ratio-deteetor 

transformer, 10.7 MHz 

Note: Tube shields may be required if regeneration is encountered. See .general consideration( 
for construction of high-frequency and broad-band circuits on page 675. 
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29-4 THREE-STAGE IF AMPLIFIER/LIMITER 
AND DETECTOR. (Cont'd) 

Circuit Description (Cont'd) 

ulated signals. 
The 6AL5 ratio-detector circuit 

provides additional noise limiting of 
the FM signal and demodulates this 
signal to recover the audio informa
tion. The detector circuit provides the 

input to the audio amplifiers of a 
monaural receiver or to the multiplex 
detector in a stereo system. The RC 
network (R'6 and ClT ) in the monaural 
output lead provides the desired de
emphasis of high audio frequencies. 

29-5 FM STEREO MULTIPLEX ADAPTER 

Circuit Description 

This FM stereo multiplex adapt- stage eliminates any SeA (storecast 
er demodulates composite multiplex allocation) signal components that 
signals from an FM tuner and sep- may be included in the composite sig
arates these signals into left- and naI. The composite signal is coupled 
right-channel inputs for stereo audio- from the plate of the input stage to 
output stages. The dc operating pow- the control grid of the 6CL8A triode 
er for the 12AX7 A and 6CL8A twin section used in a signal-separation 
triodes used in the adapter circuit is driver. This stage operates as a cath
obtained from a 180-volt, 15-milliam- ode follower for the L + R audio 
pere supply. Power for the dual heat- components and the L - R subcar
ers of the 12AX7A and the single rier sideband components. The L + 
heater of the 6CL8A is obtained from R audio components are developed 
a 6.3-volt source. across the MATRIX BALANCE 

The composite signal applied to ADJ. potentiometer R18 and coupled 
the mUltiplex adapter from the ratio from the wiper arm of this potenti~ 
detector (or discriminator) in an FM ometer to the output resistor matrix 
receiver includes a 19-kHz pilot-fre- network R,• through R... A 3300-
quency (multiplex-reference) compo- picofarad capacitor C'G in the cou
nent and sum (L + R) and differ- pling circuit filters out any 19-kHz 
ence (L - R) components of left- and pilot-frequency components or 38-
right-channel audio signals. The L + kHz subcarrier sideband components 
R signal is the demodulated in-phase that may be developed across potenti
combination of the left- and right- ometer R'8. The L - R sideband com
channel audio information used to ponents are coupled from the cathode 
modulate the main. carrier frequency of the signal-separation driver to the 
of the receiver. The L - R signal is center tap of the secondary winding 

/ the out-of-phase combination of the of the transformer T. in the peak de
left- and right-channel information tector. The 38-kHz band-pass coil L2 
and is used to amplitude-modulate a and the 67-kHz series-resonant trap 
38-kHz subcarrier. This subcarrier is C. and L. assure maximum signal 
suppressed in the FM tuner so that transfer of the L - R sideband com
only the L - R sideband components.",.ponents with minimum interference 
of the amplitude-modulated signal from storecast signals. 
remain. The 19-kHz double-tuned trans-

The composite input signal is am- former T, in the plate circuit of the 
plified by the 12AX7A triode section signal-separation driver presents a 
in the input stage of the adapter. The highly selective load to the 19-kHz 
high input impedance of this stage pilot-frequency component included 
prevents excessive loading of the in the composite mUltiplex signal and 
ratio detector. The 67-kHz trap (L, couples this 19-kHz component to the 
and C.) in the cathode circuit of this pilot-frequency doubler. The doubler 
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29-5 FM STEREO MULTIPLEX ADAPTER (Cont'd) 

Bt 
180 V 
ISmA 

RIO 

COMPENSATING 
AMPLIFIER 

R4 

liZ TYPE 
IZAX7A 

r 
SHAPING 

AMPLIFIER 
1/2 TYPE 

6CL8A 

SIGNAL-SEPARATION 
DRIVER 

1/2 TYPE 
6CL8A 

R8 

CI3 

PILOT 
FREQUENCY 

DOUBLER 
CRI 

TYPE R9 
IN295 

SP~'lR 
112 TYPE 

12AX7A 

6 

R 3 

RI9 
CI7 t--..,....-1!-O,orn-%T 

R20 L8 

CIS1 
RI6 

R21 e 
t--+-jl-O LEFT 

C20 OUTPUT 
R22 

6.3 
VAC 
6CLBA 

5 4 

RI3 

CI2 

MATRIX 
BALANCE RIB 

ADJ. 
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29-5 FM STEREO MULTIPLEX ADAPTER (Cont'd) 
Parts List 
01, Cll, 012, OJ3, C14, C17, 

C .. =O.Ol p.F, ceramic, 
500 V 

RCA stock No. 111047 
or equiv. 

Ru=4700 ohms, 0.5 watt 
R,.=1.2 megohms, 0.5 watt 
R,.=0.15 megohm, 0.5 watt 
R,., Rn, R .. =22000 ohms, C., C.=2200 pF, film, 

500 V, N150 

L.=RF coil, 38-kHz band
pass, RCA stock No. 
111048 or equiv. 0.5 watt 

Cs, C, .. C,o=270 pF, ceramic, 
500 V, N750 

C,=0.047 p.F, paper, 200 V 
C5=40 p.F, electrolytic, 450 V 
C.=0.22 p.F, paper, 400 V 
C7, C.=1500 pF, film, 500 V, 

N150 
Cl0=1000 pF, film, 500 V, 

R,=330 ohms, 1 watt 
R.=0.56 megohm, 0.5 watt 
Ra=1500 ohms, 0.5 watt 
R.=15000 ohms, 0.5 watt 
R.,= 68000 ohms, 0.5 watt 
R.=3.9 megohms, 0.5 watt 
R7=1 megohm, 0.5 watt 
Rs, R,0=10000 ohms, 

R,s= Potentiometer, balance 
adjustment, 10000 ohms, 
RCA stock No. 111044 
ot' equiv. 

R,., Roo, R21, R .. =O.l 
megohm, 0.6 watt 

'r,=19-kHz transformer, 
RCA stock No. 111045 
or equiv. N150 0.5 watt 

C,.=470 pF, ceramic, 500 V 
C16=3300 pF, ceramic. 500 V 

Ro, R14, R15=47000 ohrils, 
0.5 watt 

T.=38-kHz transformer, 
RCA stock No. 111046 
or equiv. L.., l.a=RF coil, 67 -kHz trap, 

Note: See general considerations for construction of high-frequency and broadband. circuits 
on page 675. 

Circuit Description (Cent'd) 

circuit, which consists of two 1N295 
diodes (CR, and CR.) in a full-wave 
rectifier configuration, doubles the 
pilot frequency to regenerate the 38-
kHz subcarrier required for demodu
lation of the L - R sideband com
ponents. 

The 38-kHz output of the doubler 
is amplified by the 6CL8A triode sec
tion used in the shaping amplifier 
and reshaped to a sine wave by the 
tuned primary of the peak detector 
transformer T •. In the secondary of 
T., the 38-kHz subcarrier is recom
bined with the L - R sideband com
ponents from the cathode of the sig
nal-separation driver. This combined 
signal is then demodulated by the 
1N295 detector diodes CR. and CR, 
to obtain the L - R audio signal. 

The L - R audio signal is applied 
to the control grid of the 6CL8A sec
tion used in a phase-splitter circuit. 

The cathode and plate outputs of the 
phase splitter are equal in amplitude 
and opposite in phase so that one out
put represents an L - R signal and 
the other output represents a - L 
+ R signal. These signals are applied 
to the output-resistor matrix network 
where they are added to the L + R 
audio signal from the cathode circuit 
of the signal-separation driver. In 
the summation of the L + Rand L 
- R audio signal, the R components 
are canceled, and the resultant ob
tained is the left-channel audio out
put. The summation of the L + Rand 
- L + R signals results in cancella
tion of the L components so that only 
the right-channel audio output is ob
tained. These outputs are then ap
plied to the stereo receiver left- and 
right-channel aUdio-output stages, 
respectively. 

29-6 PREAMPLIFIER FOR AMATEUR RECEIVER 

For 15-, 10-, and 6-Meter (21-, 30-, and 50-MHz) 
Amateur Bands and 27-MHz Citizens Band 

Circuit Description 

In this preamplifier, two 6CW 4 
high-mu nuvistor triodes are used in 
a high-gain, low-noise cascode rf
amplifier stage that adds 25 to 35 dB 
of gain ahead of a receiver operated 
on the 6-, 10-, or 15-meter amateur 
band or on the 27-MHz citizens band. 
This added gain, together with the 

low noise figure (approximately 5 
dB) of the preamplifier, SUbstantially 
increases both the sensitivity and the 
signal-to-noise ratio of the receiver. 
The preamplifier operates from a dc 
plate supply of 150 volts at 5 milli
amperes. The tube heaters require an 
ac power input of 6.3 volts at 0.26 
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29-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cont'd) 

OUTPUT 
Vz 'p TYPE C7 

6CW4 

C3 

CBJ R4 

lC6 
+100 TO 

150V 
RI C4 

C5r 
6.3V 

AC -
ALIGNMENT DATA 

Operating Frequency Tune T, to: Tune T. to: 
21 MHz 21.25 MHz 21.22 MHz 
27 MHz 30 MHz 27 MHz 
30 MHz 32 MHz 29.5 MHz 
50 MHz 51 MHz 50 MHz 

Parts . List 
0., 0.= See Note 1 
C2, Ca, C4, CB, Os, Cs, 

0.=0.001 p.F, 500 V, 
ceramic 

R., &=100 ohms, 0.5 watt 
R.=0.47 megohm, 0.5 watt 
R.=1000 ohms, 0.5 watt 
T.=Input transformer (slug-

primary) ; wound from #32 
copper enamel wire on slug .. 
tuned form having ~-inch 
outer diameter: primary, 
1% turns; secondary, 18 
turns for operation at 21, 
27, or 30 MHz or 10 turns 
for operation at 50 MHz 

72-ohm line between pre
amplifier output and re
ceiver input is not recom
mended) ; wound from #32 
copper enamel wire on slug
tuned form having ~-inch 
outer diameter; primary, 
18 turns for operation at 
21, 27, or 30 MHz or 10 
turns for operation. at 50 
MHz, secondary, 1% turns. 

tuned); matches preampli
fier to 52-ohm input line 
(for 300-ohm input line, 
double number of turns in 

T.=O u t put transformer 
(slug-tuned) ; matches pre
amplifier to 72-ohm output 
lines (use of other than a 

Note.: 1. For operation at 21 or 27 MHz, use 6.8-pF 500-volt capacitors for C, and 07; 
for operation at 30 MHz, use 5-pF 500-volt capacitors for O. and 07; for operation 
at 50 MHz, use 5-pF 500-volt capacitor for O. and 6.8-pF 500-volt capacitor for 07. 

2. See general considerations for construction of high-frequency and broadband circuits 
on page 675. 

Circuit Description (Cont'd) 

ampere. These small power require
ments can usually be provided by the 
receiver. 

Input transformer T, matches 
the high input impedance of the pre
amplifier to a 72-ohm or 300-ohm an
tenna. When a 72-ohm antenna is 
used, the primary of T, consists of 
a Ph-turn link wound about the hot 
end of the secondary coil. For a 300-
ohm antenna, a 3-turn link is used. 
The secondary of T, is an lS-turn coil 
for operation at 10 or 15 meters or 
on the citizens band. At 6 meters, a 
10-turn secondary coil is used. The 
unit is normally connected to the an-

tenna cable by means of a coaxial 
connector. If a balanced antenna sys
tem is used, however, terminal strips 
for the twin leads may be used instead 
of the coaxial connector. In this lat
ter case, the input link (primary of 
T, ) is not grounded. 

Nuvistors V, and V. are operated 
in a stacked (cascode) arrangement 
in series with the B+ supply. The 
input is coupled by T, to the control 
grid of V" which is essentially a 
grounde<jl-cathode amplifier. The out
put of V, is applied to the cathode of 
V., which is basically a grounded
grid amplifier. The inherent stability 
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29-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cant'd) 
Circuit Description {Cont'd) 

of this type of arrangement, together 
with the ample deeoupling and by
passing networks included in the 
circuit, provides assurance that the 
preamplifier will not break into os
cillation. 

The output of V. is developed 
across the primary coil of output 
transformer T •. This coil is identical 

to the secondary coil of input trans
former T,. The secondary of T. con
sists of a 1¥.a-turn link about the pri
mary coil. This link matches the out
put of the preamplifier to a 75-ohm 
receiver input cable. (The maximum 
length of coaxial cable between re
ceiver and preamplifier should not 
exceed 12 inches.) 

29-7 CODE·PRACTICE OSCILLATOR 

Note: Any two te,minals of the secondal'Y of T2 that give the desired tone may be 
selected. Adjustment of volume contl'ol may cause a slight change in tone. 

Parts List 
Cl, C=20 p.F, electrolytic, 

150 V 
C.=O.OOl p.F, paper, 200 V 
C=0.03 p.F, paper, 200 V 
F=lJI ampere 

Jl=Input jack for key 
R.=1500 ohms, 1 watt 
&=Potentiometer, 0.1 

T.=Power tl'ansformer, 125 
volts rms, 15 ma; 6.3 volts, 
0.6 ampere 

megohm, 0.5 watt T2=OUtPUt transfOlmer, 
universal 

Circuit Description 

This code-practice oscillator op· 
erates from a 117-volt ac power line. 
When ON-OFF switch S. is closed, 
the 117 -volt ac input power is stepped 
up to 125 volts across the upper sec
ondary winding of power transformer 
T.and is stepped down to 6.3 volts 
across the lower secondary winding. 
The 6.3-volt winding provides the op
erating power for the heater of the 
6BJ8 twin diode-tride used in the cir
cuit. The diode sections of the 6BJ8 
are connected to operate as a single 
diode ina half-wave rectifier citcuit 
that converts the ac power across the 

125-volt winding of T, to de operating 
power for the 6BJ8 triode section. 
This triode section is used as the am
plifier tube in a simple audio-oscilla
tor stage. 

Operation of the oscillator stage 
is controlled by a telegraph key, 
which is connected into the circuit by 
means of jack J,. When the key is 
closed, the triode section of the 6BJ8 
supplies energy to the oscillator res
onant circuit formed by capacitor C. 
and the effective inductance of the 
primary of output transformer T •. 
This circuit then resonates to pro-
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29-7 CODE-PRACTICE OSCILLATOR (Cont'd) 
Circuit Description (Cont'd) 
duce an audio signal that is coupled 
by transformer T. to the speaker to 
produce an audible indication of the 
keying. Positive feedback to sustain 
oscillation is developed by the auto
transformer action of the tapped pri
mary of transformer T •. 

Output transformer T. is a uni
versal type which contains multiple 
taps on the secondary winding. These 
taps enable the transformer to match 
the oscillator output impedance to 

different values of speaker voice-coil 
impedance. The speaker impedance 
and transformer terminals used, how
ever, affect the effective inductance 
in the primary of T, and, thus, the 
tone of the audio output. Volume
control potentiometer R. adjusts the 
level of the audio output. Adjustment 
of potentiometer R. varies the load
ing on the oscillator resonant circuit 
and may also cause a slight change 
in the tone of the audio output. 

29-8 INTERCOMMUNICATION SET 
With Master Unit and Two or More Remote Units 

C2. R!) 
VOL. 

TIF R3 

_1_ ~" .. 
LISTEN 

REMOTE UNIT 

REMOTE UNIT 
SP3 

Notes: 1. The leads from the LISTEN-TALK switch S, to Tl and T. should be kept as 
far apart as possible to prevent undesirable regenerative effects. 

2. Connections to the remote speaker units should be made with low-resistance 
wire, preferably with shielded "intercom" cable. 

Parts List 
Cl, C2=0.0022 p.F, paper, 

200 V. 
Co=O.005 p.F, paper, 200 V. 
CI, C=60 p.F, electrolytic, 

150 V. 
Fl=Fuse, 1 ampere 
Rl=Volume control, potenti

ometer, 0.5 megohm, audio 
taper, attached to switch S. 

&=6.8 megohms, 0.5 watt 
Ro, R.=0.47 megohm, 

0.5 watt 
Ra=10000 ohms, 0.5 watt 

R., R.=68 ohms, 0.5 watt 
R.=2200 ohms, 1 watt 
Sl=Talk-listen switeh, 

double-pole, double-throw 
S.=Station Selector, rotary 

switch 
S.=On-off Bwitch, single-pole, 

single-throw; attached to 
volume-control potentiom ... 
eter 

SP1, SP., SP3=Speaker ; per
manent-magnet; voice-coil 
impedance, 3 to 4 ohms 

T,=Input transformer, 4-ohm 
primary, 25000-ohm second
ary, Knight 54A1492 or 
equiv. 

T.=Output tranSfOl"lller, 3000-
ohm primary, 4-ohm sec
ondary, Knight 54A2371 or 
equiv. 

T.=Power transformer, 125 
volts rms, 50 mA., 6.3 volts 
rms. 2 amperes, Knight 
54A1411 or equiv. 
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29-8 INTERCOMMUNICATION SET (Cont'd) 

Circuit Description 

This simple "intercom" set can 
be used to achieve reliable voice com
munications, at normal speaking lev
els, between any two points in a 
normal-size house. The system con
sists of a master unit, centrally lo
cated at the hub of household activity, 
interconnected by low-loss cabling to 
remote units located at points (e.g., 
garage, attic, and cellar) beyond the 
range of normal voice levels. An au
dio amplifier, which includes a 6AV6 
voltage-amplifier stage and a 6EH5 
power-output stage, provides the am
plification necessary to overcome the 
attenuation of voice levels by system 
cabling. A 6X4 half-wave rectifier 
circuit converts the 117 -voltac input 
power to the de power required for 
operation of the amplifier stages. A 
6.3-volt secondary winding on the 
power transformer(T3) in the recti
fier circuit provides heater power for 
the amplifier and rectifier tubes. 

The speaker at each intercom 
station is used for both talk and lis
ten functions. The talk-listen switch 
S, at the master location establishes 
the talk or listen mode for all sta
tions. The voice communications are 
initiated from the master unit. Switch 
S, is depressed to the TALK position, 
and the initiator talks into the mas
ter-unit speaker. The audio (voice
signal) voltage that is then developed 
across the speaker voice coil is cou
pled by input transformer T, to the 
control grid of the 6A V6 audio am
plifier. Selector switch S2 connects 

the desired remote unit into the in
tercom system. With 8, depressed to 
the TALK position, the remote unit 
speaker is automatically connected 
to the audio amplifier output for lis
ten-mode operation. When S, is in 
the LISTEN position, the master-unit 
speaker is connected in the listen 
mode, and the remote-unit speaker is 
connected to the amplifier input. A 
reply from the remote unit is then 
coupled from the remote speaker by 
transformer T1 to the control grid of 
the 6A V6 audio amplifier. 

Transformer T1 matches the 
voice-coil impedance of the 4-ohm 
permanent-magnet speaker (of either 
master or remote unit) to the 25000-
ohm input impedance of the 6A V6 
amplifier stage. This stage and the 
6EH5 audio output stage amplify the 
audio (voice) signals received from 
one location (the master unit or one 
of the remote units) to develop the 
audio power required to produce an 
audible output from the speaker at 
another location. Output transformer 
T2 matches the 3000-ohm plate-circuit 
impedance of the output stage to the 
4-ohm voice-coil impedance of the 
speaker (master-unit or remote-unit) 
to which the communication is di
rected, as determined by the settings 
of switches S1 and S2. The VOL. 
CONT. potentiometer R1 in the input 
circuit of the 6A V6 audio amplifier 
stage provides the volume-control ad
justment for the system. 

29-9 HIGH-FIDELITY AUDIO AMPLIFIER 
Class AB1; Power Output, 15 Watts 

Circuit Description 

This high-fidelity audio power 
amplifier can deliver 15 watts of rms 
output power with less than 0.4 per 
cent total harmonic distortion and 
less than 1.5 per cent intermodulat;on 
distortion. The frequency response of 
the amplifier is flat within ±0.5 dB 
from 20 Hz to 60 kHz, and the sensi-

tivity is such that the rated output of 
15 watts is obtained for an input of 
1.2 volts rms. The total hum and 
noise, with the input shorted, is 84 
dB below 15 watts. The circuit op
erates from a 117 -volt ac power line. 
The transformer-coupled ac input 
power is .!converted to dc operating 
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29-9 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

+ 

Parts List 
C.=40 p.F, electrolytic, 450 V. 
Cs, C" C.=0.25 p.F, paper, 

400 V. 
Ca==3.S pF, cel"amic 01' mica, 

600 V. 
Co=150 pFJI ceramic or mica, 

400 V. 
C" C8=0.05 p.F, paper, 

400 V. 
C.=0.02 p.F, pape.· 600 V. 
C.0=100 p.F, electrolytic, 

50 V. 
C11=80 /LF, electrolytic, 

450 V. 
C,.=40 /LF, electrolytic, 

450 V. 
Fl=Fuse, 3 amperes 
Lt=Choke, 3 H, 160 rnA, de 

resistance 75 ohms or less, 
Triad C-13X or equiv. 

RS 

R.=Volume control, potenti-
ometer, 1 megohm 

&=10000 ohms, 0.5 watt 
R=0.82 megohm, 0.5 watt 
R.=820 ohms, 0.5 watt 
R.=0.22 megohm, 0.5 watt 
RI!, R1=15000 ohm ±5 per 

cent, 2 watts 
R8=3900 ohms, 2 watts 
Ro, R10=0.1 megohm, 

0.5 watt 
Rll, R12=1000 ohms, 0.5 watt 
R13, R,,=100 ohms, 0.5 watt 
R .. =8200 ohms, 0.5 watt 
R1G=15000 ohms, 1 watt 
R11=6BOOO ohms, 0.5 watt 
R18=4700 ohms, 2 watts 
Rt.=0.27 megohm, 1 watt 
R,,=47000 ohms, 0.5 watt 

x X 

+ CII _ 

RIB 

ROO 

AUXILIARY 
POWER FOR 

PREAMPLIFIER, 
TONE-CONTROL, 

AND MIXER 
CIRCUITS 

+8 

R21=Hum balance adjust
ment, potentiometer, 100 
ohms, 0.5 watt 

SR1=Selenium rectifier, 20 
rnA, 135 volts rrns 

Tl=OUtPUt transfo=er, 
(having 8-ohm tap for feed
back connection) for match
ing impedance of voice coil 
to 6600-ohm plate-to-plate 
tube load; 50 watts; fre
quency "esponse, 1 0 to 50000 
Hz ; Stancor A-B056 or 

equiv. 
T2=Power transformer, 

360-0-360 volts rms, 120 
rnA; 6.3 V., 3.5 A; 5 V., 
3 A; StancoI' 8410 Ot' equiv. 

(see Note 1) 

Notes: 1. F-or stereo operation from a single power supply, the power transformer T3 must 
be replaced by one that has a higher CU1'1'ent rating. A Stancor Type 6315 or 
equivalent (370-0-370 volt l'ms, 275 mAl is recommended. 

2. If the amplifier oscillates.spr "motorboats," l"everSe ground and feedback connec
tions in secondary of output transformer TI. 
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29-9 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 
Circuit Description (Cont'd) 

power for the amplifier stages by the 
5BC3 full-wave rectifier. Heater pow
er for the amplifier tubes and the 
rectifier are obtained from the 6.3-
volt and 5-volt secondary windings, 
respectively, on the rectifier power 
transformer (To). 

A high-gain pentode voltage 
amplifier is used as the input stage 
for the audio power amplifier. The 
output of this stage is direct-coupled 
to the control grid of a triode split
load type of phase inverter. The use 
of direct coupling between these 
stages minimizes phase shift and, 
consequently, increases the amount of 
inverse feedback that may be used 
without danger of low-frequency in
stability. A low-noise 7199 tube, 
which contains a high-gain pentode 
section and a medium-mu triode sec
tion in one envelope, fulfills the 
active-component requirement for 
both the pentode input stage and the 
triode phase inverter. Potentiometer 
R, in the input circuit of· the 7199 
pentode section is the volume control 
for the amplifier. 

The plate and cathode outputs of 
the phase inverter, which are equal in 
amplitude. and opposite in phase, are 
used to drive a pair of pentode-con
nected 6973 beam-power tubes used 
in a class AB, push-pull output stage. 
The 6973 output tubes are biased for 
class AB, operation by the fixed nega
tive voltage' applied to the control
grid circuit from the rectifier circuit. 
Fixed bias is used because a class AB 
amplifier provides highest efficiency 

and least distortion for this bias 
method. 

Transformer T, couples the audio~ 
amplifier output to the speaker. The 
taps on the secondary of this trans
former match the plate-to-plate im
pedance of the output stage to the 
voice-coil impedance of an 8- or 16-
ohm speaker, Negative feedback of 
19.5 dB is coupled from the secondary 
of the output transformer (speaker 
voice coil) to the cathode of the input 
stage to reduce distortion and to im
prove circuit stability. 

Fixed-bias operation of the out
put stage requires that the power 
supply provide very good voltage 
regulation because the plate current 
of the 6973 tubes varies considerably 
with the signal level. The conven
tional choke-input type of power 
supply used provides the required 
regUlation. The fixed bias for the out
put stage is obtained from one-half 
the high-voltage secondary winding 
of power transformer To through a 
capacitance-resistance voltage divider 
and the 20-milliampere, 135-volt 
selenium rectifier. Potentiometer R" 
connected across the 6.3-volt second
ary winding of transformer T. pro
vides a hum balance adjustment for 
the audio power amplifier. The wiper 
arm of this potentiometer is con
nected to the junction of a resistive 
voltage divider across the output of 
the power supply. The resulting posi
tive bias voltage applied to the tube 
heaters minimizes heater-to-cathode 
leakage and sUbstantially reduces 
hum. 

29-10 HIGH-FIDELITY AUDIO AMPLIFIER 
Class AB,; Power Output, 30 Watts 

Circuit Description 

This audio power amplifier can 
deliver 30 watts of rms output power 
with less than 0.7 per cent total har
monic distortion and less than 1.5 
per cent intermodulation di!;'tortion. 
The frequency response of the ampli
fier is fiat within ±0.5 dB from 15 

Hz to 40 kHz. The total hum and 
noise, with the input shorted, is 85 
dB below 30 watts. The rated output 
of 30 watts is obtained for an input 
of 1 volt rms. 

The 30-watt amplifier is essen
tially identical to the 15-watt ampli-
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29-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cant/d) 

R3 

VOL. 
CONT. 

INPUT 
I R2 

RI 

CI 

Parts List 
C,=25 p.F, electrolytic, 50 V 
C:!=22 pF. ceramic or miea, 

600 V 
Cn=80 p.F, electrolytic, 450 V 
C" C,=0.:<5 p.F, paper. 600 V 
C.=O.Ol p.F, paper, 600 V 
C7, C8=0.05 p.F, paper, 600 V 
ell, 011=:40 JLF, electrolytic, 

500 V 
C,o=100 p.F, electrolytic, 50 V 
C,2=20 p.F, electrolytic, 

450 V 
Ft=Fuse. 3 amperes. 150 V 
Rl==Volume control, poten'" 

tiometer. 1 megohm 
R,=lOOOO ohms, 0.5 watt 
R.=0.22 megohm, 0.5 watt 

Rn 

+ C 

i. 3 
RIO = 

C4 RI4 

C2 

RI2 

+105 
V -30V 

RI3 

RI5 

R,=820 ohms, 0.5 watt 
R.=10 ohms, 0.5 watt 
R.=0.18 megohm, 0.5 watt 
R7, R.=15000 ohms ±5 per 

cent, 2 watts 
R.=1000 ohms, 0.5 watt 
R,o=22000 ohms, 0.5 watt 
Rn=2000 ohms, 2 watts 
R12, RJa=O.l megohm, 0.5 

watt 

9 

R", R,r.=1000 ohms, 0.5 watt 
R,u, R17=56 ohms, 0.5 watt 
R'8=270 ohms, 0.5 watt 
Rlo=Hum balance adjust-

ment, potentiometer, 100 
ohms, 0.5 watt 

Roo=220 ohms, 10 watts 

+390 V 

TO ) 
SPEAKER 

VOICE 
COIL 

+8 
AUXILIARY 

POWER FOR 
PREAMPLIFIER, 
TONE-CONTROL, 

AND MIXER 
CIRCUITS 

R21=50 ohms, 10 watts 
R",,=10000 ohms, 2 watts 
'f,=Output transformer (hav-

ing 16-ohm tap for feedback 
connection) for matching 
impedance of voice coil to 
6600-ohm plate-to-plate 
tube load; 50 watts; fre
quency response, 10 to 
50000 Hz; Stancor A-8056 
01' equiv. 

'f,=Power transformer, 375-
0-375 volts rms, 160 mA; 
6.3 V., 5 A; 5 V., 3 A ; 
Thordarson type T22R33 or 
equivalent (see Note 1). 

Notes: 1. For stereo operation from a single power supply, the power transformer T:! must 
be replaced by one that has a higher current rating. A Stanco,' Type 6315 or 
equivalent (370-0-370 volts rms, 275 mAl is reeommended. 

2. If amplifier oscil1ates 01' tlmotorboats," l'everse ground and feedback connections 
in secondary of output transformer T:J. 
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29-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

fier (circuit 29-9) except that it uses 
7868 beam power tubes in the out
put stage to develop the higher audio 
power output and uses a resistive 
network in the negative leg of the 
power supply, rather than a separate 

rectifier, to supply the fixed-bias 
voltage for the output stage. A po
tentiometer (R,.) connected across 
the 6.3-volt heater winding also pro
vides the hum balance adjustment 
for the 30-watt amplifier. 

29-11 HIGH-FIDELITY AUDIO AMPLIFIER 
Class AB, ; Power Output, 50 Watts 

C7 

TO 
APPROPRIATE 

TAP 
T, 

INPUT ~'VV\r7'T>\t:= } 
TO 

SPEAKER - VOICE 
COIL 

250 V 

Preliminary Adjustments 
The following adjustments should be mpde before operation: 

(1) With rectifier out of socket, a.djust Bias Adj. Raa for -40 volts between the wiper 
arm and ground bus. 

(2) With speaker connected, adjust Screen-Grid Voltage Adj. R .. for 400 volts between 
pin 3 of 6GF7 and ground bus. 

(3) With input shorted, adjust Hum BaL Adj. Roo for minimum hum from speaker. 
(4) With input open and Vol. Cont. set for maximum volume, adjust Bal. Cont. R17 for 

minimum hum from speaker. 
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29-11 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Parts List 
C" C.=40 p.F, electrolytic, R,., R14=1.3 megohms, R .. =0.27 megohm. 0.5 watt 

R..=10000 ohms, 1 watt 
Rso=Screen-grid voltage ad-

450 V 0.5 watt 
C3, C.=0.02 p.F, paper, 400 V R13=47 ohms, 0.5 watt 

justment, potentiometer, 
25000 ohms, 2 watts 

R,o=15000 ohms, 2 watts 
R,,,=12000 ohms, 2 watts 
R42=0.22 megohm, 2 watts 
R .. =22000 ohms, 2 watts 
SR,=Selenium rectifier, 20 

Cs, C.=l p.F, paper, 400 V R,., R,.=0.15 megohm, 
C.=0.002 p.F to 4-ohm tap ; 0.5 watt 

0.0016 p.F to 8-ohm tap; or, RlO, R,.=390 ohms, 0.5 watt 
0.001 p.F to 16-ohm tap; R17=AC balance control, po-
paper, 400 V tentiometer, 500 ohms 

C., C.=0.05 p.F, paper, 600 V R.,,=0.15 megohm. 1 watt 
C1O=20 p.F, electrolytic, R21, R •• =0.33 megohm, 

450 V 1 watt mAo 1H5 volts r",s 
C11=100 p.F, electrolytic, R... R .. =0.12 megohm, T,=Output transformer for 

matching impedance of 
voice coil to 5000-ohm 
plate-to-plate tube load; 50 
watts; frequency response, 
10 to 50000 Hz; United 
Transformer Corp. LS6L4 
or equiv. (see Note 1) 

150 V 2 watts 
C12=40 p.F, electrolytic, Roo, R •• =O.l megohm, 

450 V 0.5 watt 
F,=Fuse, I) amperes R2"I', R .. =4700 ohms, 
L,=Choke, 8 H, 250 mA, de 0.5 watt 

resistance 60 ohms, or less R~ .. =600 ohms to 4-ohm tap ; 
R,=Volume control, potenti- 820 ohms to 8-ohm tap; or, 

ometer, 0.5 megohm 1200 ohms to 16-ohm tap; T2=Power transformer, 
600-0-600 volts rms, 200 
mA, 6.3 V., 5 A; 6 V .• 

&=4700 ohms, 0.5 watt 0.5 watt 
R.=0.82 megohm, 0.5 watt Rsn=Hum balance adjust-
R.=0.22 megohm, 0.5 watt ment, potentiometer, 100 3 A ; Thor"" ~""- n~R36 or 

equiv. (see Note 2) Rs=820 ohms, 0.5 watt ohms 
Re=10 ohms, 0.5 watt R.,=0.12 megohm, I) watts Ta=Filament tl'anSLOrmer, 

6.3 volts, center tapped, 
1 ampere; Thordarson 
21F08 or equiv. 

R7 Re= 15000 ohms, 2 watts R .. , Ro<, R .. , R:n=33000 
RD, R,o=1.5 megohms, ohms. 2 watts 

0.5 watt R33=Bias adjustment, poten-
Rn=33000 ohms, 2 watts tiometer 50000 ohms, 
Notes: 1. In many applications, less expensive transformers, such as Stancor Type A8053 

or United Transformer Corporation Type S-17, which have a narrower frequency 
response, may be used for T, with satisfactory results. 

2. For stereo operation from a single power supply, the following changes are re
quired: (a) The power transformer T. must be replaced by one that has a higher 
current rating; a Freed Transformer Corporation Type nC6A or equivalent (600-
0-600 volts rms, 300 mAl is recommended. (b) The 50000-ohm Bias Adj. potenti
ometer R.B should be replaced by two 100000-ohm potentiometers (one for each 
channel) connected in parallel. (c) A second 5R4-GYB rectifier tube should be 
connected in parallel with the one used for monaural operation. (Connect the 
5R4-GYB tubes so that the two sections of each tube are in parallel with the 
corresponding sections of the other tube; do not use separate tubes for each 
section of the rectifier circuit.) 

3. If the amplifier oscillates or "motorboats," reverse ground and feedback connec
tions in secondary of output transformer T,. 

Circuit Description 
This four-stage audio power 

amplifier can deliver 50 watts of rms 
power output with less than 0.1 per 
cent total harmonic distortion and 
less than 1 per cent intermodulation 
distortion. The frequency response 
of the amplifier is flat within ±0.5 
dB from 10 Hz to 50 kHz. Sensitivity 
is 0.4 volt rms input for 50 watts 
output. The total hum and noise is 
70 dB below 50 watts. 

The 50-watt amplifier, like the 
15-watt and 30-watt high-fidelity 
amplifiers (circuits 29-9 and 29-10), 
uses a 7199 low-noise triode-pentode 
as an input amplifier and phase
splitter, but has a push-pull driver 
stage, which uses 6CB6 sharp-cutoff 
pentodes. The superior performance 
of this amplifier can also be attrib
uted, in part, to the use of a 450-volt 
plate supply and a 400-volt electron
ically regulated grid-No. 2 supply 

for the 7027 A beam power tubes in 
the output stage and to the use of 
inverse-feedback loops from the plates 
to the grids of the output tubes, from 
the plates of the output tubes to the 
cathodes of the driver tubes, and 
from the voice-coil winding of the 
output transformer to the cathode of 
the input amplifier. Additional fea
tures are the operation of all heaters 
at a positive voltage with respect to 
ground and use of a balancing adjust
ment (Roo) in the heater-supply cir
cuit to minimize hum, a grid-No.2 
voltage adjustment (R.n), a grid-No. 
1 bias adjustment (R .. ) for the 7027A 
output tubes, and an ac-balance 
adjustment (R,.) which may be used 
to balance the outputs of the push
pull stages. Operation of the 50-watt 
amplifier is essentially the same as 
that of the 15- and 30-watt amplifiers. 
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TWO-CHANNEL STEREOPHONIC AMPLIFIER 
Power Output, 1 Watt Each Channel 

/0 0---1' • ~~~f~"';:j,.41v-~--i.\:-~~tF-~I-C7-'._"'R"'II'\,-... 1 ~~~ 
INPUT ~ 

CRYSTAL OR 
CERAMIC t--t--II-~t-'--~-~-+--+--<~~>----, 

PHONOGRAPH 
PICKVP 

117 V 
AC 

~ 

o----------~ 

Parts List 

RS 

RS 

TO SPEAKER 
VOICE COIL 

C" C=0.22 p.F, paper, 
400 V 

0=0.1 p.F, paper, 400 V 
C., C.=50 p.F, electrolytic, 

25 V 

Rl, R" = Volume control po
tentiometer, 1.5 megohms, 
ganged, audio taper 

R., Ru = 60 ohms, 1 watt 
R,O = 280 ohms, 2 watts 
Rn = 220 ohms, 2 watts 

C.=50 p.F, electrolytic, 150 V 
C., C0=50 p.F ,electrolytic, 

150 V 

R. = 0.22 megohm, 0.5 watt 
R" Rr. = 47000 ohms, 0.5 

watt 

8, = ON-OFF switch, single
pole, single-throw 

T" To = Output transformer 
for matching impedance of 
voice coil to 3000-ohm tube 
load; Triad 8-16X or equiv. 

Ru = 12 ohms, 1 watt 

F,=Fuse, 3 amperes 
R7 = Balance control, po

tentiometer, 2 megohms, 
audio taper 

Circuit Description 
This ac/dc two-channel (stereo) 

amplifier operates from either an ac 
power line or dc supply of 117 volts. 
AC power inputs are converted to dc 
power by the 1N1763 silicon-diode 
half-wave rectifier circuit. The 
heaters· of the 60FX5 power pentode's 
(one for each channel) used in the 
amplifier are connected in series 
directly across the input power line. 

In stereo units that use high
output ceramic stereo cartridges, the 
/high power sensitivity of the 60FX5 
tubes at low supply voltage elimi
nates the need for preamplifier 
stages. The 60FX5 provides a power 
output of 1.3 watts to a 3000-ohm 
transformer primary with only 3 
volts peak drive on grid No.1. With 
a transformer having a good imped
ance match and 85-per-cent efficien
cy, each channel of the stereo ampli
fier supplies. 1.1 watts. of useful 
power output at the speaker. 

No' special mounting or layout 

precautions are necessary for this 
amplifier other than the value and 
placement of the isolating capacitor 
C. between B- and the chassis. This 
capacitor should be connected to the 
same point on the chassis at which 
the common cartridge lead is tied. 
A value of 0.1 microfarad for the 
isolating capacitor is suggested so 
that full output is obtained from the 
pickup. 

As with all single-ended ampli-
. fier circuits, especially acl dc units, 
adequate screen-grid bypassing is 
necessary to minimize hum. Screen· 
grid filtering is obtained through use 
of a 220-ohm dropping resistor R. and 
a 50-microfarad electrolytic capacitor 
Cu. Although, in the circuit shown, 
separate cathode-bias resistors are 
used for better dynamic balance, a 
single 30-ohm common cathode-bias 
resistor bypassed with a 50-micro
farad electrolytic capacitor may also 
be used. 
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29-13 MICROPHONE AND PHONOGRAPH AMPLIFIER 

Parts List 
C1, C2=100 pF, disc-ceramic, 

300 V 
C3=0.05 p.F, paper, 200 V 
C.=8 p.F, electl·olytic, 450 V 
C=16 p.F, electrolytic, 450 V 
C.=25 p.F, electrolytic, 450 V 
0,=0.1 I£F, paper, 200 V 
C.=O.001 p.F, disc-ceramic, 

300 V 
C.=0.01 p.F, disc-ceramic, 

300 V 
C,0=470 pF, disc-ceramic, 

300 V 
C11=4700 pF, disc-ceramic, 

300 V 
C12=4 p.F, electrolytic, 450 V 
C13=0.05 p.F, paper, 600 V 
C14=25 p.F, electrolytic, 25 V 
C15, C18, C1'7=:20 p,FJ electro-

lytic, 450 V 
Fl=Fuse, 1 ampere 
J,=Jack fOl· high-impedance 

Circuit Description 

Power Output, 8 Watts 
RI2 

crystal microphone input; 
max. input: 2 millivolts 
peak 

J,=Jack for crystal phono
pickup input 

Ll=Filter choke, 5 H, 
200 mA, United Trans
former Corp. R20 or equiv. 

R" R,.=10000 ohms, 0.5 watt 
R,=Volume Control, potenti

ometer, 1 megohm 
R:l=2.2 megohms, 0.5 watt 
R" Ro, R20=0.22 megohm, 

0.5 watt 
R5=27000 ohms, 0.5 watt 
R.=1200 ohms, 0.5 watt 
R7. R13=O.1 megohm, 

0.5 watt 
Ro, Rn=Tone control, po

tentiometer, 0.5 megohm 
R,0=22000 ohms, 0.5 watt 
R12=12000 ohms, 0.5 watt 

c 

R,,=1800 ohms, 0.5 watt 
R15=0.47 megohm, 0.5 watt 
R,7=0.15 megohm, 0.5 watt 
RlB=180 ohms, 2 watts 
RlO=47000 ohms, 1 watt 
R21=50 ohms, 10 watts 
R",,=8200 ohms, 2 watts 
8,=Microphone-phonograph 

selector; wafer Bwitch ; 
single-pole, double-throw 

82=ON-OFF switch, single
pole, single-throw 

Tl=PoWel' transformer, aoo-
0-300 V., 90 mAo ; 6.3 V., 
3.5 A.J center tapped; 5 V., 
2 A, Thordarson 22R04 or 
equiv. 

T2=OUtPUt transformer for 
matching impedance of 
voice coil to 4000-ohm tube 
load; 10 watts; United 
Transformer Corp. S14 01' 
equiv. 

This microphone and phonograph 
amplifier can deliver up to 8 watts of 
audio output power for an input of 
200 millivolts rms at J 2 (phonograph 
input) or an input of 6.8 millivolts 
rms at J, (microphone input). The 
amplifier uses a 6EU7 twin-triode 
input amplifier, a 6A V6 driver stage, 

and a 6L6GC single-ended output 
stage to increase the signal power 
from a high-impedance crystal micro
phone or crystal phonograph pickup 
to the desired level. The transformer
coupled ac input power is converted 
to dc operating power for these 
stages by a 5Y3GT full-wave recti-
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29-13 MICROPHONE A-NO PHONOGRAPH 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

fier circuit. A 5-volt winding on 
power transformer T, provides the 
heater power for the rectifier tube, 
and a 6.3-volt winding provides 
heater power for the other tubes in 
the amplifier. The center tap on the 
6.3-volt winding is connected to the 
junction of a resistive voltage divider 
(R,,, and R",) across the output of the 
power supply. The resulting positive 
bias applied to the tube heaters sub
stantially reduces heater-to-cathode 
leakage and, consequently, minimizes 
hum. 

The signals from a crystal micro
phone are.usually much smaller than 
those from a crystal phonograph 
pickUp. Microphone signals, there
fore, are amplified by both sections 
of' the 6EU7 twin-triode amplifier. 
The signals are coupled from J 1 to 
the pin 5 control grid of the 6EU7. 
The plate output from this triode 
section is then coupled through 
switch 8 , (microphone position) and 
volume-control potentiometer R. to 

the pin 8 control grid of the 6EU7. 
With selector switch 8, in the phono
graph position, phonograph inputs 
are coupled directly from J. across 
volume-control potentiometer R. to 
the pin 8 control grid, and the first 
section of the 6EU7 is bypassed. 

The outputs from the pin 7 plate 
of the 6EU7 are coupled across the 
frequency-sensitive tone-control net
work to the control grid of the 6A V6 
driver stage. The bass and treble 
controls R .. and Rll are adjusted to 
assure optimum low- and high-fre
quency response characteristics for 
the amplifier. The two diode plate 
sections of the 6A V6 are shorted to 
the tube cathode and thereby are 
made inoperative. The output of the 
driver stage is applied to the 6L6GC 
output stage which develops the 
audio power required to drive a 
speaker. Transformer T. matches the 
4000-ohm plate impedance of the out
put stage to the speaker voice';coil 
impedance. 

29-14 TWO-CHANNEL AUDIO MIXER 
Voltage Gain from Each Grid of 6EU7 ~o Output is Approximately 20 

OUTPUT TO 
~ GRIDOF 

+250V 

Parts List 
C,=10 p.F, electrolytic, 25 V 
C.=O.05 p.F, paper, 400 V 
R1. R5, R,,=l megohm, 

RI 

R2 RS 

0.5 watt 
R2 R.,=0;1 megohm, 

0.5 watt 

C2 f8 NEXT STAGE 

R:l, R7=Potentiometers, 0.1 
megohm, audio taper 

R,=1200 ohms, 0.5 watt 
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29-14 TWO-CHANNEL AUDIO MIXER (Cont'd) 
Circuit Description 

This high-fidelity mixer circuit 
can be used to combine audio-fre
quency program material from two 
sources. Each signal channel consists 
of a one~stage voltage amplifier 
using one section of a 6EU7 low
noise twin-triode. Each section of 
the mixer can provide a voltage gain 

of about 20, and can handle an input 
signal of about 0.2 volt rms without 
overloading. The dc plate supply of 
+250 volts (nominal value) for the 
mixer stages can usually be obtained 
from an auxiliary tap on the power 
supply for the audio powell amplifieI·s. 

29-15 PHONOGRAPH AMPLIFIER 
Power Output, 1 Watt 

R2 ::--"oIV\r'"1-:==1 

CHASSIS 

117 V 
AC 

o 
Parts List 

CI RI 

FI 

VOL. 
CONT. 

pickup 

y 

y 
RS 

R.=210 ohms, 10 watts C,=0.082 p.F, paper, 400 V 
C2=0.02 p.F, paper, 400 V 
C:J. C.,=40 p.F. electrolytic, 

150 V 

Rl=0.22 megohm, 0.5 watt 
R::=Volume control, potenti. 

ometel', 0.5 megohm, 

Ro, R7=56 ohms, 0.5 watt 
Rs=3300 ohms, 1 watt 
T,=Output transformer for 

F1=Fuse, 1 ampere audio taper 
J,=Input connector, shielded, 

for crystal phonograph 
Ra=10000 ohms, 0.5 watt 
R.=22 ohms, 0.5 watt 

matching impedance of 
voice coil to 3000-ohm 
tube load 

Circuit Description 
This single-stage phonograph 

amplifier operates directly from 
either an ac power line or adc supply 
of 117 volts. AC power inputs are 
converted to dc power by the 35W 4 

-- half-wave rectifier circuit. The heat
ers of the amplifier and rectifier tube 
are connected in series, together with 
a 210-ohm voltage-dropping resistor, 
R., directly across the input power 
line. 

The amplifier uses a 50EH5 

power pentode to develop up to 1 
watt of audio output power from the 
input supplied from a crystal phono
graph pickup. The input is applied at 
J , and coupled through a length of 
shielded cable to the input circuit of 
the pentode amplifier. Volume-control 
adjustment for the amplifier is pro
vided by potentiometer R2• The out
put coupling transformer T, matches 
the 3000-ohm plate load impedance 
of the 50EH5 to the voice-coil im
pedance of the speaker. 
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29-16 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 
With· RIAA Equalization 

Rg 
r-----~~V\~~----~--~~~-------o+250V 

J 

Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 

Parts List 
Ct, C,:26 p,F, electrolytic, 

25 V 
C2, C.=20 p,F, electrolytic, 

450 V 

C.=180 pF±5 per cent, 
ceramic or mica, 500 V 
(includes capacitance of 
output cable) 

of magnetic pickup used. 
Follow pickup manufac
turer's recommendations 

Ro, R.=2700 ohms, 0.5 watt 
R., R5=0.1 megohm, 0.5 watt 
R,=39000 ohms, 0.5 watt 
R.=0.47 megohm, 0.5 watt 
&=0.68 megohm, 0.5 watt 
R.=15000 ohms, 1 watt 
R,O=22000 ohms, 0.5 watt 

C=O.l p,F, paper, 600 V 
C=0.0033 p.F±5 per cent, 

paper, 600 V 
C=O.Ol p.F±5 per cent, 

paper, 600 V 

C.=0.22 p,F, ceramic, 600 V 
J=Input connector, shielded, 

for high-impedance mag
netic phono pickup (10 mV 
output, approx.) 

Rt=Value depends on type 

Circuit Description 

This two-stage audio preamplifier 
is intended for use with high-fidelity 
magnetic phonograph pickups. The 
two amplifier stages provide an over
all circuit gain of approximately 150. 
The 7025 twin triode used in the 
circuit features exceptionally low 
hum and noise and is designed es
pecially for use in high-fidelity cir
cuits that operate at low signal 
levels. The preamplifier is ideally 
suited for use as the low-level input 
stage for audio power amplifiers such 
as the 50-watt unit, circuit 29-11. For 
use. with audio power amplifiers such 
as the 15- and 30-watt units, circuits 
29-9 and 29-10, which require higher 
input signals, another low-level am
plifier (e.g., the tone-control '.ampli
fier, circuit 29-20) must be inserted 
between the preamplifier and· the· 

power amplifier to obtain the full 
rated output. The heater and dc 
operating power required for the pre
amplifier can usually be obtained 
from the power-supply circuit for the 
power amplifier. 

The audio signal from .the phono
graph pickup is applied to J and 
coupled through a length of shielded 
cable to the control grid of the input 
stage of the preamplifier. The inter
stage coupling between the two am
plifier sections of the preamplifier 
includes an RIAA equalization net· 
work (R,o and Co). This network com
pensates for the Orthophonic record
ing characteristic* introduced into a 
record disc by the manufacturer. The 
output from the preamplifier is 
coupled from the plate of the second 
stage by output coupling capacitor 
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2946 PREAMPLIFIER FOR MAGNETIC 
PHONOGRAPH PICKUP (Cont'd) 

Circuit Description (Cont'd) 

C. to the input of a tone-control 
amplifier (if used) or directly to the 
input of the power amplifier. Because 
of its relatively high output imped
ance, the preamplifier is recom
mended for use in systems in which 
the preamplifier is mounted on the 
same chassis as the power amplifier 
and/ or tone-control amplifier. The 
preamplifier may be used at distances 
up to 6 feet from the following am
plifier provided that the capacitance 
of capacitor Co is reduced approxi
mately 30 picofarads for each foot 
of shielded cable used for the audio
frequency connection between the 
preamplifier and the following ampli
fier. 

* To achieve wide frequency and dy
namic ranges, manufacturers of com
mercial recordings use equipment 
which introduces a non-uniform re
lationship between amplitude and 
frequency. This relationship is known 
as a "recording characteristic." To 
assure proper reproduction of a high
fidelity recording, therefore, some 
part of the reproducing system must 
have a frequency-response character
istic which is the inverse of the re
cording characteristic. Most manu
facturers of high-fidelity recordings 
use the RCA "New Orthophonic" 
(RIAA) characteristic for discs and 
the N ARTB characteristic for mag-

. netic tape. 

29-17 HIGH-FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP 
With NARTB Equalization 

v Y 
v2=40 p.F, electrolytic, 

450 V 
C.=0.1 p.F. ceramic, 400 V 
C.=25 p.F, electrolytic, 25 V 
05=0.22 p.F, ceramic, 400 V 
0.=0.015 p.F, ceramic, 400 V 
0.=25 p.F, electrolytic, 25 V 

R6 

Cs 

+B 
AUXILIARY 

SUPPLY 

CIO 

t-+--t~UT 
(LOAD = 50000 

OHMS MIN.! 

.put for output of 0.55 volt at frequency of 1000 Hz. 

0.=0.22 p.F, ceramic. 400 V 
00=40 p.F, electrolytic, 450 V 
010=0.47 p.F, ceramic, 400 V 
R1=1 megohm, 0.5 watt 
R2=0.1 megohm, 0.5 watt 
R3=1000 ohms, 0.5 watt 
R.=0.47 megohm, 0.5 watt 
R5=0.22 megohm, 0.5 watt 
R.=22000 ohms, 0.5 watt 

R.=3300 ohms, 0.5 watt 
Ro=3.3 megohms, 0.5 watt 
R.=1500 ohms, 0.5 watt 
R,O=O.l megohm, 0.5 watt 
Rll=1500 ohms, 0.5 watt 
R12=15000 ohms, 0.5 watt 
R,3=0.47 megohm, 0.5 watt 
R14=4700 ohms, 0.5 watt 
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29-17 HIGH-FIDELITY PREAMPLIFIER FOR 
TAPE-HEAD PICKUP (Cont/d) 

Circuit Description 

This three-stage preamplifier 
provides the amplification necessary 
to increase the output from a tape
head pickup to the level required to 
drive an audio power amplifier. The 
circuit uses a 5879 low-noise'sharp
cutoff pentode in a high-gain input 
voltage amplifier, one section of a 
7025 twin triode in a second voltage 
amplifier, and the other section of the 
7025 in a cathode-follower output 
stage. Because of the low-impedance 
cathode-follower· output circuit, the 
preamplifier may be installed at dis
tances up to 50 feet from the/follow
ing stage (tone-control or power 
amplifier) without adverse effect 
upon its frequency-response charac
teristics. The preamplifier is intended 
for use as the low-level input stages 
for an audio power amplifier, such as 
the 50-watt unit (circuit 29-11) or, 
when followed by another low-level 
amplifier (e.g., the tone-control am
plifier, circuit 29-20) the 15- or 30-
watt unit (circuit 29-9 or 29-10). 

The heater and dc operating power 
for the preamplifier can usually be 
obtained from the power supply for 
the power amplifier. 

The preamplifier provides an 
over-all circuit gain of 180. An input 
of 3 millivolts rms at the input 
terminals, is amplified by the pentode 
and triode voltage amplifiers to de
velop an output of approximately 
0.55 volt rms at the cathode of the 
cathode-follower output stage. The 
interstage coupling between the 
pentode and triode voltage amplifiers 
equalizes the playback frequency 
response of the preamplifier to com
pensate for the NARTB recording 
characteristic introduced into the 
magnetic tape by the manufacturer. 
(See footnote for circuit 29-16.) The 
output of the preamplifier is coupled 
by capacitor ClO to the input of the 
audio power amplifier or to the input 
of an intermediate tone-control 
amplifier. 

29-18 PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 
Cathode Follower (Low-Impedance) Output 

-=-

+230-300V 

AF OUTPUT 
(LOADs 
50000 

OHMS MIN) 
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29-18 PREAMPLIFIER FOR CERAMIC 
PHONOGRAPH PICKUP (Cant'd) 

Parts List 
C,=O.l p.F, paper, 400 V 
C.=O.Ol p.F, paper, 400 V 
C3=20 p.F, electrolytic, 

for high-impedance 
ceramic phono pickup 
(0.5-volt output) 

Ra=0.82 megohm, 0.5 watt 
R,=0.22 megohm, 0.5 watt 
Ro, R.=4.000 ohms, 0.5 watt 
R.=4700 ohms, 0.5 watt 
R.=lOOO ohms, 0.5 watt 
Ro=l megohm, 0.5 watt 
R,O=1800 ohms, 0.5 watt 

400 V 
C.=0.25 p.F, paper, 400 V 
C.=0.22 p.F, paper, 600 V 
Jl=Input connector, shielded, 

R,=1.8 megohms, 0.5 watt 
R,=Volume control, potenti

ometer, 0.5 megohm, audio 
taper 

Circuit Description 

This two-stage preamplifier is 
intended for use with a high-imped
ance ceramic phonograph pickup. The 
circuit features a cathode-follower 
(low-impedance) output which makes 
it possible to install the preamplifier 
at distances up to 50 feet from the 
succeeding stage (tone-control or 
power amplifier) . The preamplifier 
operates from a dc supply of 230 to 
300 volts and a heater supply of 6.3 
volts. These voltages can usually be 
obtained from the power supply for 
the power amplifier in the audio 
system. 

The preamplifier uses a 7199 
triode-pentode in a high-gain pentode 
input stage and a triode cathode
follower output stage. These stages 
provide the amplification necessary 
to increase th~ output from a crystal 
phonograph pickup, applied at J" to 
the level required to drive an audio 
power amplifier. The output of the 
preamplifier, coupled from the cath
ode of the 7199 triode section, may 
be applied directly to the power 
amplifier, or to an intermediate tone
control amplifier. 

29-19 LOW-DISTORTION PREAMPLIFIER 
For Low-Output, High-Impedance Microphones 

4 5 

+ 

Sensitivity=3 millivolts rms input for output of 220 millivolts. 

Parts List 
C,=0.047 JJ.F, paper, 400 V Rl=2.2 megohms, 0.5 watt 
C.=25 p.F, electrolytic, 25 V R.=O.l megohm, 0.5 watt 
Ca=0.22 p.F, paper, 400 V 
C.=40 JJ.F, electrolytic, 450 V 

+250-300V 

OUTPUT 
(LOAD = 
220000 

OHMS MIN.) 

Ra=lOOO ohms, 0.5 watt 
Rl=0.47 megohm, 0.5 watt 
&=22000 ohms, 0.5 watt 
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29-19 LOW-DISTORTION PREAMPLIFIER (Cont'd) 

Circuit Description 

This single-stage preamplifier is 
intended for use with a high-fidelity, 
high-impedance crystal or dynamic 
microphone. The circuit uses a 5879 
low-noise sharp-cutoff pentode in a 
conventional amplifier circuit that 
has a high-impedance output, a volt
age gain of approximately 70, and 
a fiat frequency response over the 

audio range. Because of its high out
put impedance, the preamplifier 
should be mounted on the same 
chassis as the power amplifier and 
tone-control amplifier (if used). 
Heater and dc power for the circuit 
can be obtained from the power 
supply for the audio power amplifier. 

29-20 BASS AND TREBLE TONE-CONTROL AMPLIFIER 

CI 
o--I~---"T 

INPUT 

= 

+250-300 v 

Rit 

C1 
~--~--------~t(----O 

R7 

OUTPUT 
(LOAD = 
100000 
OHMS 
MIN.) 

R6 Re 
BASS ~~--~~~~~--~ 

CONTROL 

R9 

Sensitivity=0.5 volt rms input for output of 1.25 volts with controls set for flat loesponse. 

Parts List 
C,=0.047 /LF, paper, 400 V 
Ca, C.=20 /LF, electrolytic, 

450 V 

C.=0.0022 /LF, paper, 400 V 
R1=0.47 megohm, 0.5 watt 
R2=1500 ohms, 0.5 watt 

R.=1000 ohms, 005 watt 
Rs=Bass control, potenti

ometer, 1 megohm, audio 
taper C.=O.l /LF, paper, 400 V 

C.=0.1)022 /LF, paper, 400 V 
C.=0.022 /LF, papelO, 400 V 
C.=0.22 /LF, paper, 400 V 
C8=220 pF. ceramic or mica, 

R., Ru=15000 ohms, 0.5 watt 
R.=22000 ohms, 0.5 watt R.=10000 ohms, 0.5 watt 

R12=Treble control, poten" 
tiometer, 1 megohm, 
audio taper 

R., R., R,.=O.l megohm, 
0.5 watt 

500 V 

Circuit Description 

This high-fidelity tone-control 
amplifier uses a 6EU7 low-noise twin 
triode in a two-stage amplifier cascade 
that consists of an input cathode 
follower connected to a triode voltage 
amplifier through a frequency-sensi
tive (tone-control) interstage cou-

pling network. The bass and treble 
controls in the coupling network can 
be adjusted to provide up to 16 dB 
of boost or attenuation (cut) at 30 
Hz and at 15 kHz. With the bass and 
treble controls set at the mid-range 
positions, the amplifier provides an 
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29-20 BASS AND TREBLE TONE-CONTROL 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

over-all voltage gain of approxi
mately 2.5, and its frequency re
sponse is flat within ±ldB from 30 
Hz to 15 kHz. 

The tone-control amplifier is de
signed for use immediately ahead of 
an audio power amplifier, such as the 
15-, 30-, or 50-watt unit (circuit 29-
9, 29-10, or 29-11, respectively). 
Operating power for the tone-control 
circuit can usually be obtained from 
the power supply for the power am
plifier. For operating convenience, 

the volume control on the power 
amplifier may be physically located 
on the tone-control chassis. In this 
case, it is advisable to insert a 
I-megohm resistor in place of 
the volume control on the power 
amplifier. If partial compensation for 
the reduced high- and low-frequency 
sensitivity of the ear at low volume 
levels is desired, the volume-control 
potentiometer may be replaced by a 
loudness-control potentiometer. 

29-21 ELECTRONIC VOLT-OHM METER 

Circuit Description 
This electronic volt-ohm meter 

can be used to measure rms values 
of ac sine-wave voltages from 0.1 to 
1500 volts, dc voltages from 0.2 to 
1500 volts, peak-to-peak voltages 
from 0.2 to 4000 volts, and resist
ances from 0.2 ohms to 1000 meg
ohms. Within these over-all limits, a 
Range Selector (S,) can be used to 
select seven different measurement 
ranges for each measurement func
tion, as shown in the switch-position 
chart. The mode of operation of the 
volt-ohm meter is determined by the 
setting of the five-position (OFF, 
AC, -DC, +DC, and OHMS) Func
tion Selector (S2). A section (S.n) of 
the Function Selector is also used to 
control the application of the 117-
volt, 60-Hz, input ac power. The ac 
input power is converted to dc power 
by the 1N1764 selenium rectifier and 
associated components. A 6.3-volt 
secondary winding of power trans
former T, supplies power to the tube 
heaters. A neon lamp connected 
across the primary of power trans
former Tl lights when ac power is 
applied to the circuit. 

A balanced push-pull dc ampli
fier, which includes a dc microam
meter M, connected as part of a dc 
bridge network between the two 
plate sections of the stage, is used 
as the basic measuring circuit for 
each measurement function of the 
volt-ohm meter. This circuit has a 
linear response, excellent stability, 
and a very high input impedance. 
Calibration adjustments are provided 
for each mode of operation to as
sure that accurate measurements are 
obtained. If desired, the ZERO ADJ 
potentiometer R.. may be adjusted 
to provide a center-scale zero read
ing on the meter, which is useful in 
discriminator and bias voltage 
measurements. 

For ac voltage measurements, 
Function Selector S. must be rotated 
to the AC position. The ac voltage to 
be measured, applied between the 
AC-OHMS and COMMON terminals, 
is coupled through contacts 10 and 9 
of Sa to the ac-voltmeter multipliers 
(R, through R.). The ac voltage from 
one of the taps on the multiplier, as 
determined by the setting of the 



SWITCH POSITIONS 

Position Range SeJedor. S, Fundlon SeJedor. S. 

1 1.SV Rxl 4V OFF 
2 SV Rxl0 14V AC VOLT 
3 ISV Rxl00 40V -DC VOLTS 
4 SOY Rxl000 140V +DC VOLTS 
5 lS0V RxIO.OOO 400V OHMS 
6 SOOV RxlOO,OOO 1400V 
7 lS00V RxlM 4000V 

Notes: 1. Switches are shown in their maximum counterclockwise position (81=1.5 V. 
R XI; S2="OFF"). 

2. The accuracy of the volt-ohm meter depends upon the accuracy of the multiplier 
resistors. 

Parts List 
B,=Battery, 1.6 V 
C,=470 pF. ceramic disc. 

1600 V 
C.=O.OOl p.F. ceramic disc. 

600 V 
Co=O.47 p.F. tubular. 400 V 
C •• C.=O.02 p.F. ceramic 

disc. 400 V 
Ca. C.=0.005 p.F. ceramic 

disc. 200 V 

Co=10 p,F. electrolytic. 
400 V 

F,=Fuse. 0.5 ampere 
MI=Meter, dc, 0-200 p,A 
NE2:;=Neon lamp 
RI=DC-voltsge probe 

isolating resistor. 1 meg
ohm, 0.25 watt 

R2=138000 ohms. 0.26 watt 
Ro=320000 ohms. 0.5 watt 

R.=0.9 megohm. 1 watt 
R., RIa=1 megohm. 

0.25 watt 
R •• R,O. R ... R .. =10000 ohms. 

0.5 watt 
R.=20000 ohms. 0.25 watt 
R.=70000 ohms. 0.26 watt 
R.=0.2 megohm, 0.25 watt 
R,0=O.7 megohm. 0.25 watt 
Rll=2 megohms. 0.26 watt 
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29-21 ELECTRONIC VOLT-OHM METER (Cont'd) 

Parts List (Cont'd) 
0.5 watt 0.5 watt R,=7 megohms, 0.25 watt 

RlS=8.2 ohms, wire-wound, 
0.5 watt 

Rl<=100 ohms, 0.25 watt 
R,.=1000 ohms, 0.25 watt 
R17=O.l megohm, 0.25 watt 
R,.=10 megohms, 0.25 watt 
R20=20 megohms, 0.25 watt 
R21=91 megohms, 0.5 watt 
R22=10000 ohms, poten-

R2,=15000 ohms, poten
tiometer, ohms adjustment. 
0.25 watt 

R •• =47000 ohms, 0.5 watt 
R:16=0.22 megohm, 0.5 watt 
Sl==Range selector switch, 

R26=10000 ohms, poten
tiometer, zero adjustment, 
0.25 watt 

7 position, RCA stock No. 
217924 or equiv. 

S2==Function selector 
switch, 5 position, RCA 
stock No. 217923 or equiv. 

tiometer ae calibration. 
0.5 watt 

R23=10000 ohms, poten
tiometer de calibration, 

R2R=3.3 megohms, 0.5 watt 
R:m=6.8 megohms, 0.5 watt 
R.o, R31=330 ohms, 0.5 watt 
R.2=15000 ohms, 0.5 watt 
R .. =27000 ohms, 0.5 watt 
R",=10000 ohms, poten-

Tl==Power transformer. 
105-125 volts rms. 50-60 
Hz, RCA stock No. 217921 
or equiv. 

tiometer. ae balance. 

Circuit Description (Cont'd) 

Range Selector (Sa section), is rec
tified by the 6AL5 twin diode. The 
resultant dc voltage across the recti
fier bleeder resistors R21 and R'4 is 
proportional to the ac voltage from 
the multiplier network. This voltage 
is then coupled through contacts 4 
and 5 of Sm, through one of the 
contacts 4 through 10 (as determined 
by setting of Range Selector) and 
contact 1 of S,c, and through contacts 
1 and 2 of S2A to the pin 2 control 
grid of the 12AU7A twin triode in 
the balanced dc amplifier. This input 
disturbs the balance of the amplifier 
and a current proportional to the ac 
input flows through the dc micro
ammeter connected between the 
plates of the 12AU7. The pointer on 
the micro ammeter is then deflected 
to indicate the value of the voltage 
being measured. 

With the Function Selector ro
tated to either -DC or +DC, a dc 
voltage being measured is coupled 
through the I-megohm probe R" the 
DC VOLTS terminal, and contacts 6 
and 5 of S2B to the dc-voltmeter mul
tipliers (Ro through R,2). The I-meg
ohm resistance of the dc probe 
together with the resistance of the 
multipliers results in an input re
sistance of 11 megohms for dc volt
age measurements. The dc voltage 
from the appropriate tap on the 
multiplier network selected by the 
SlO and Sm sections of the Range 
Selector is coupled through contact 1 
of these switch sections (or contact 

3 of SIC) and contacts 1 (or 3) and 
2 of S'A to the input of the balanced 
dc amplifier. The pointer of the mi
croammeter in the balanced amplifier 
is then deflected to provide an indica
tion of the value of the dc voltage 
being measured. The S.c section of 
the Function Selector reverses the 
connections of the microammeter 
when the Function Selector is rotated 
from -DC to +DC so that current 
will flow through the microammeter 
in the same direction regardless of 
whether a negative or positive dc 
voltage is being measured. 

For resistance measurements, 
the Function Selector is rotated to 
the OHMS position, and the external 
resistance to be measured is con
nected between the AC-OHMS and 
COMMON terminals of the volt-ohm 
meter. A 1.5-volt dry cell then causes 
current to flow through the external 
resistance, through contacts 10 and 
11 of S'A, and through one of the 
ohmmeter-section multiplier resistors 
(R,• through RlO), as determined by 
the setting of the Range Selector 
(SIB section). Because the mUltiplier 
resistance is fixed for each range, the 
voltage developed across the external 
resistance provides an accurate indi
cation of the value of this resistance. 
This voltage is coupled through con
tacts 10 and 2 of S'A to the input 
of the balanced dc amplifier. The 
pointer of the microammeter is then 
deflected to indicate the value of the 
resistance being measured. 



710 RCA RECEIVING TUBE MANUAL 

29-22 SERIES-TYPE STABILIZED VOLTAGE SUPPLY 
Circuit Description 

This series-type stabilized voltage 
supply uses type 5651A as a voltage 
reference tube, type 6080 as a series
regulator tube, and type 5751 as a 
control tube. In this circuit, the 
5651A supplies a fixed reference 
voltage between the grid of the first 
unit of the 5751 and its cathode re
turn. Changes in supply voltage to 
the load are amplified by the 5751 
which is connected as a two-stage 
dc amplifier to control the drop 

UNREGULATED 
FILTERED 

DC VOLTAGE.& 

Parts List 

through the 6080. The resulting out
put voltage is essentially independ
ent of change in load current. 

The voltage regulation of this 
supply operated at a fixed line volt
age of 117 volts and an output 
voltage of 250 volts is less than 
0.2 volt over the current range of 
o to 225 milliamperes. At full cur
rent, the regulation for a variation 
of ± 10 per cent in line voltage 
is less than 0.1 volt. 

TYPE TYPE 
5751 5651A 

REGOLATED 
SUPPLY 

VOLTAGE 
TO LOAD 

250 VOLTS 
0-225 mA E9 

C1 = 0.1 JIoF, 400 volts 
R1 = Plate current balanc

ing potentiometer, 160 
ohms, 10 watts 

R" = 470000 ohms, ¥., watt 
14 = 470000 ohms, 'h watt 
R. = 12000 ohms, 2 watts 
Ru = 68000 ohms, 1 watt 

R7 = 1 megohm, If.. watt 
Rs = 16000 ohms, 2 watts 
R. = Output voltage-control 

potentiometer, 10000 ohms 
R. = 12000 ohms, 2 watts 

Notes: ... 375 volts approx. at zero load current; 325 volts approx. at 225 milliamperes load 
current. . 

$ Socket connections for the 5651A are made so that removal of the 5651A from Its 
soeket opens the load. 

• Pins 3 and 6, do not use. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES 

TI 

~r-G-.3-V-: TO HEATERS 

TYPE 
5BC3 

9 
K"-_--TO FILTER 

I OR 2 

POWER SUPPLY I 

TO HEATERS 
\:.----=-'="'"-....-3---

~=-__ .. TO FILTER 
1,2, OR 3 

POWER SUPPLY 2 

POWER TRANS- CHOKE (L1) 
SUPPLY FORMER 

R1 

1 Stancor 140 mA, 7H, 33 ohms 
(5BC3) PO or PM 165 ohms 5W 

1 
(5BC3) 

2 
(6X4) 

2 
(6X4) 

8177 Stancor 01421 
(300-0-300) or equiv. 
or equiv. 

Stancor 
PO or PM 

8412 
(400-0-400 ) 
or equiv. 

Stancor 
P-6358 

(300-0-300 ) 
or equiv. 

Stancor 
PM or PC 

8419 
(240-0-240 ) 
or equiv. 

200mA,4H, 
145 ohms 

Thordarson 
20054 

or equiv. 

80 mA, 12H, 
375 ohms 

Thordarson 
20053 

or equiv. 

80 rnA. 12H, 
376 ohms 

Thordal'Son 
20053 

or equiv. 

56 ohms 
lOW 

500 ohms 500 ohms 
5W 3W 

500 ohms 500 ohms 
5W 3W 

01, O. 

40 p.F 
450 Vdc 

40 p.F 
600 Vdc 

40 p.F 
450 Vdc 

40 p.F 
460 Vdc 

FIL- . OUTPUT 
TER ·VOLTS MA 

1 

2 

2 

2 

3 

1 

2 

3 

360 
340 
320 

235 
230 
215 

450 
425 
410 

310 
300 
280 

350 
300 
260 

250 
230 
220 

345 
300 
250 

265 
225 
190 

200 
180 
170 

260 
220 
180 

60 
80 

120 

60 
80 

120 

120 
160 
200 

120 
160 
200 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

• Bleeder RB can be omitted if an external load is permanently connected across the ouput 
terminals. Bleeder current should be approximatly 10 per cent of the load current. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES (Cont/d) 

Circuit Description 
In these power-supply circuits, 

5BC3 and6X4 full-wave rectifier 
tubes are used to convert ac input 
power to dc output power in various 
combinations of output voltage and 
load current. The 5BC3 tube is a 
directly heated novar type intended 
for use in power supplies for radio 
equipment, television receivers, and 
other applications that have rela
tively high dc requirements. The 6X4 
tube is an indirectly heated minia
ture type used primarily in power 
supplies for automobile and ac-oper
ated radio receivers and other equip
ment that have moderate dc require
ments. 

In each rectifier circuit, the 117-
volt ac input power is applied to the 
primary of a step-up power trans
former T,. The two plate sections of 
the rectifier tube are connected to 
opposite ends of the center-tapped 
secondary winding of transformer 
T,. With respect to the grounded 
center tap, the voltage applied to 
each plate of the rectifier tube, there
fore, is 180 degrees out of phase 
with that applied to the other plate. 
With an external load connected to 
the rectifier cathode, pulses of cur
rent flow alternately to one plate 

and then to the other plate for each 
half cycle of the ac input power. 
This 120-Hzpulsating current de
velops a positive dc voltage across 
the load circuit. 

Removal of virtually all the 
120-Hz ripple component from the 
dc output can be accomplished by 
connection of a suitable filter net
work between the rectifier output 
(cathode) and the load circuit. Either 
Filter 1 or Filter 2 provides ade
quate filtering for the 5BC3 circuit. 
Anyone of the three filter networks 
is satisfactory for use with the 6X4 
circuit. Filter 3 is not recommended 
for use with the 5BC3 circuit be
cause the use of the two resistors 
R, and R. in series with the rela
tively high output results in exces
sive power loss. 

The chart shown with the recti
fier circuits lists a wide range of dc 
output voltage obtainable for vari
ous values of load current. Proper 
selection of power transformer T" 
of the type of filter network, and 
of the values of filter choke L, and 
resistors R, and R2 results in the 
desired combination of output volt
age and current. 

BLACK-AND-WHITE TELEVISION RECEIVER 
Circuits 29-24 through 29-28 are 

essentially identical to the corre
sponding circuits in the RCA-KCS-
152 Television Receiver. These cir
cuits comprise a complete intercar
rier television receiver with the 
f'xception of the deflection coils and 
the picture tube. Portions of any 
t.elevision receiver, however, are re
quired to operate over an extremely 
wide range of very high frequencies. 
The construction of such circuits 
requires more than ordinary skill 
and experience and the use of so
phisticated test equipment (see gen
eral consideration for the construc
tion of high-frequency and broad
band circuits at the beginning of 

this section). Home construction of 
such circuits is not recommended un
less the builder has had consider
able experience in this type of work. 

The chassis of circuits 29-24 
through 29-28 are connected to one 
side of the ac line during operation. 
Servicing of these circuits should 
not be attempted by persons not 
familiar with the following precau
tions necessary when working on this 
type of equipment: 

1. An isolation transformer 
should be inserted between 
the receiver and the ac line 
before any servicing is at
tempted. 
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BlACK~AND-WHITf: TEL£VIS10NRECEfv£R {Cont'dr 

2. If the receiver must be op
erated . directly from the 'ac 
supply,.the power plug should 
be inserted in the proper di
rection to eonnect the chas
sis to the ground side of the 
ac line. An ac voltmeter 
should be used to measure 

the 'Voltage··between the chas-. 
sis and the power-source 
·gro.und; 'no voltage reading 
should be obtained. If a read
ing is obtained, the power 
plug should be reversed and 
another check made for a 
zero reading. 

29-24 VHF TUNER 
For Black-and-White Television Receiver 

Circuit Description 

This vhf tuner selects the de
sired vhf frequency channel, ampli
fies composite video signals in the 
frequency channel selected, and con
verts the signal frequencies to the 
45.75-MHz picture intermediate fre
quency and the 41.25-MHz sound in
termediate frequency used in televi
sion receivers. When used with a 
uhf tuner, the vhf tuner is operated 
as a two-stage broadband rf ampli
fier tuned to 44 MHz (center fre
quency of the if band) and is es
sentially a pre-if amplifier for the 
television receiver. In each mode of 
operation, the tuner has a band pass 
that is broad enough to pass all the 
video information (including syn
chronizing and equalizing pulses) 
and the sound information super
imposed on the video and sound car
rier frequencies and has sufficient 
selectivity to assure adequate ad
jacent-channel and image-frequency 
rejection. The +140 volts used as 
the B + supply for the vhf tuner is 
obtained from the low-voltage power 
supply of the receiver. The heaters 
of the tubes in the circuit are con
nected in series with those of other 
tubes in the receiver, and power for 
the series heater string is obtained 
directly from the input ac power 
line. 

The antenna used with the vhf 
tuner may be either a 75-ohm mono
pole, as used with portable receivers, 
or a balanced 300-ohm antenna. A 
balanced 300-ohm antenna system 

can be matched to the unbalanced 
75-ohm tuner input by means of the 
antenna-matching balun T,. A 13-
position channel selector, which con
sists of several wafer-switch sec
tions (S, through S,) mounted on 
a common shaft, establishes the op
erating frequency of the tuner for 
each of the vhf channels 2 through 
13 or adapts the vhf tuner for opera
tion with a uhf tuner. With S, set 
to any of the channel positions 2 
through 13, the selected-channel sig
nal from the vhf antenna is coupled 
through contacts U and 2 of Sm 
and input transformer T2 to the rf 
amplifier, and the input lead from 
the uhf tuner is not connected to 
the vhf circuit. 

The vhf input signals are am
plified by the 3GK5 high-mu frame
grid triode used in the rf amplifier 
stage. The S" section of the channel 
selector connects the appropriate 
combination of the inductors L5 
through L15 into the grid circuit of 
the rf amplifier to tune this stage to 
the desired frequency channel. The 
agc bias voltage applied to the con
trol grid of the 3GK5 triode auto
matically controls the gain of the 
rf stage. The bias voltage, which 
varies directly with the amplitude 
of the received signal, is derived by 
a keyed agc amplifier in the televi
sion receiver. 

The output of the rf amplifier is 
coupled through a resonant imped
ance network to the control grid of 
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RCA RECEIVING TUBE MANUAL 

VHF TUNER (Cont'd) 

TO MONOPOLE ANTENNA (75 OHMS) 

~~tr't-th= l r---P'7."::---- AGC 
,:;f.CIO 

Z~~ RF AMPL. 'I .r- - II24V-"l 
i I I TYPE I 

CONNECTION 

.J R3 5, 3GK5 

.-----t-'II-+-,.,f-F= I "6 I 
-' I FOR (O)-~-.., 

UHF TUNER 
(IF INPUT) 

T 
I 

+140V I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MIXER 

7 I 
I 
I 
I 

CI21F OUTPUT 

LOC.OSC. T 
I 

I 
'_+--t-TYPE 

1/26KZEi 

Rg 

RS C,5 C'S J ------}( ... :!---
RO 
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29-24 
Parts List 
C" C.=82 pF, ±5%, dual 

disc, ceramic, 600 V, 
N750 

C.: C" C" C .. , Cl0=1000 pF, 
feed through, 500 V 

Co=12 pF, 5%, ceramic, 
500 V, N750 

C.=20 pF, ±5%, feed
through, 500 V, N470 

C.=0.56 pF, ±5%, headed 
lead, 500 V 

C.=100 pF, ceramic, 500 V, 
N1500 

C,o=0.22 p.F, ceramic, 500 V 
C11=0.82 pF, headed lead, 

500 V 
C12=82 pF, ±5%, feed

through, 500 V, N750 
C .. =8 pF, ceramic, 500 V 
C .. =10 pF, ±5%, radial 

leads, ceramic, 500 V, 
N330 

GIMMICK=Trimmer-capaci-
tor plate 

L" L., L.=RF coils; with 
two 82-picofarad eapaci
tors, forms high-pass filter 
(antenna input network), 
RCA Stock No. 114458 
or equiVa 

L.=RF amplifier grid coil, 
part of S. assembly 

Ls through Lto=RF-amplifier 
tuning coils, part of S. 
assembly 

Ll0=Mixer grid coil, part 

VHF TUNER (Cont'd) 

of S. assembly 
L,.=Interstage coupling coil 

for rf amplifier and mixer, 
part of S. assembly 

L18 through L .. =Mixer tun
ing coils, part of 82 
assembly 

L30=Variable rf coil; mixer 
plate tuning adjustment; 
RCA stock No. 112909 
or equive 

L.,=RF choke 
L .. =Variable rf coil; local

oscillator tuning adjust
ment for channel 13 

L .. through L,.=Local
oscillator tuning coils 
(variable coil L .. is tun
ing adjustment for channel 
6), part of S, assembly 

L .. =Variable rf coil; fine
tuning control; RCA 
Stock No. 113323, or 
equiv. 

R,=4700 ohms, 1 watt 
R.=5600 ohms, 0.5 watt 
R.=47000 ohms, 0.5 watt 
R,=O.1 megohm, 0.5 watt 
R., R.=10000 ohms, 0.5 watt 
Ro, Rlo=1000 ohms, 0.5 watt 
Rs=:2200 ohms, 0.5 watt 
R.=6800 ohms, 0.5 watt 
S,=Local-oscillator section 

of channel-selector switch; 
stator assembly, RCA 
Stock No. 114462 or 

equiv., includes local
oscillator tuning coils 
L .. through L .. 

715 

S.=Mixer section of chan
nel-selector switch; stator 
assembly, RCA Stock No. 
114461 or equiv., includes 
mixer tuning coils Ls, 
LB, and LIS through L .. 

S.=RF amplifier section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 114460 or equiv., 
includes rf-amplifier tun
ing coils L. and L. 
through LlT 

S,=VHF-UHF function se
lector; two-section switch 
ganged with channel se
lectors. St, 8.2, and Sa: 
RCA Stock No. 114185 
or equiv. 

T,=Antenna-matehing 
balun; matches 300-ohm 
balanced antenna-lead 
line to 75-ohm unbalanced 
receiver-input line: RCA 
Stock No. 111973 or equiv. 

T.=Antenna transformer; 
RCA Stock No. 113195 
or equiv. 

Zi, Z2=Resistance-eapaei .. 
tance network (capristor), 
RCA Stock No. 109956 
or equiv. 

Notes: 1. All switches are ganged together on same shaft and are shown with shaft in 
channel 13 position. 

2. Voltages shown are obtained with no signal input. 
3. For de voltage and heater supply, see circuit 29-28, page 725. 
4. See additional notes on page 712. 

Circuit Description (Cont'd) 

the 6KZ8 pentode section used in the 
mixer stage. Section S. of the ganged 
channel selector selects the proper 
combination of the inductors L,. 
through L .. to tune the mixer input 
circuit to the same operating fre
quency as that of the rf amplifier. A 
signal from the plate of the 6KZ8 
triode section used in the local-oscil
lator stage is also applied to the 
input circuit of the mixer. Section S, 
of the channel selector connects the 
right combination of the inductors L .. 
through L.. into the oscillator res
onant circuit to maintain the operat
ing frequency of the oscillator at 
45.75 MHz above the video carrier 
frequency (41.25 MHz above the 
sound carrier frequency) of the vhf 
channel selected by the tuner. Induc
tor L .. in the series-resonant feedback 
circuit of the oscillator is the fine-

tuning adjustment for the vhf tuner. 
This adjustment assures that the 
oscillator frequency accurately tracks 
the input tuning in each channel. 

The signals from the rf am
plifier and the local oscillator are 
heterodyned in the mixer stage to 
produce the 45.75-MHz amplitude
modulated and 41.25-MHz frequen
cy-modulated difference frequencies 
used as the picture and sound inter
mediate frequencies, respectively, in 
the television receiver. The picture 
and sound if signals are coupled from 
the plate of the mixer to the if stages 
of the receiver. 

When the mUltiple-section chan
nel selector is rotated to the U posi
tion (for uhf operation), a connec
tion from the B + line of the vhf 
tuner through a 5600-ohm dropping 
resistor R., contacts 4 and 10 of Su, 
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29-24 VHF TUNER (Cont'd) 
Circuit Description (Cont'd) 

and a 4700-ohm dropping resistor Rt 
provides the B+ voltage for the uhf 
tuner. In addition, transformer T., 
which provides the input to the rf 
amplifier, is connected through con
tacts 2 and 13 of S'B to the output 
of the uhf tuner, and the signal from 
the vhf antenna is shorted to ground 
through contacts U and 12 of Su. 
The input to the rf amplifier is then 
the amplitude-modulated 45.75-MHz 
picture if and frequency-modulated 
41.25-MHz sound if signals from the 
uhf tuner. 

In the U positions, switch sec-

tions S. and S. select the tuning in
ductors required for operation of the 
rf amplifier and mixer stages as 
broadband 44-MHz amplifiers, and 
section S, disables the oscillator 
stage by connection of the oscillator 
control grid directly to ground 
through switch contacts 2 and U. 
With these changes, the vhf tuner 
essentially becomes a broadband 44-
MHz amplifier which provides two 
stages of amplification of the picture 
and sound if signals ahead of the re
ceiver main if strip. 

29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS 

For Black-and-White Television Receiver 
Circuit Description 

These circuit stages are typical 
of those used in the if and audio 
channels of any intercarrier type of 
black-and-white television receiver. 
The over-all circuit operates from a 
dc supply of +150 volts obtained 
from the receiver low-voltage (B +) 
dc power supply. The heaters of the 
tubes in the circuit are connected in 
series with those of tubes in other 
sections of the receiver. Operating 
power for the series heater string 
is obtained directly from the 117 -volt 
ac power line. 

The input from the vhf tuner con
sists of amplitude-modulated 45.75-
MHz picture if signals and frequen
cy-modulated 41.25-MHz sound if 
signals. This composite input is cou
pled by a broadly tuned bandpass 
filter network to the control grid of 
the 4JD6 remote-cutoff pentode used 
in the first picture if amplifier. A dc 
bias voltage proportional to the in
put signal from the agc amplifier 
is also applied to the control-grid 
circuit to provide automatic gain 
control of this stage. The output of 
the first picture if amplifier is cou
pled by the single-tuned transformer 
T. to the control grid of the 4JC6A 
pentode used in the second picture 
if amplifier. The double-tuned trans-

former T. couples the output of this 
stage to the video detector (CR. 
and associated components). The in
put filter network and picture if 
transformers T, and T. are stagger 
tuned to obtain the broad response 
for the if amplifiers required to as
sure adequate passage of both the 
45.75-MHz video and 41.25-MHz 
sound if signals. 

The video detector demodulates 
the 45.75-MHz picture if signal, and 
the resultant video signal is coupled 
through inductors L. and L. and the 
lower winding of transformer T. to 
the video amplifier (shown in cir
cuit 29-27). The video detector also 
operates as a second mixer circuit. 
The 45.75-MHz picture if signal and 
the 41.25 sound if signal are hetero
dyned to produce a second sound if 
carrier of 4.5 MHz. This 4.5-MHz 
second sound if carrier is still fre
quency-modulated by the audio com
ponents contained in the original rf 
signal input at the receiver antenna. 
The sound-takeoff transformer Ta, 
which forms a selective load imped
ance for the detector circuit at 4.5 
MHz, couples the 4.5-MHz sound if 
signal to the control grid of the 
pentode section of a 6GH8A triode 
pentode used in the sound if ampli-
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29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

IF INPUT 
FROM 

V~I 
= LI 

AGe 1IOLTAGE--"'::""---' 

VIDEO SIGNAL 

Parts List 
Cl. C.=470 pF. ceramic. 

500 V 
Co. 0,=0.001 pF. ceramic 

500 V 
C=7 pF. ceramic, 500 V. 

N150 
C.=2 pF. ceramic. 500 V. 

NPO 
C.=56 pF. ±5%. ceramic. 

500 V. N750 
C.=560 pF. ceramic. 500 V 
C=18 pF. 5%. ceramic. 

500 V. N220 
ClO=6 pF. ceramic. 500 V 
Cn=10 pF. ceramic. 500 V. 

NPO 
C12=39 pF. ceramic. 500 V. 

N150 
CllI=68 pF. ceramic. 500 V. 

N750 

1ST PIX 
IF AMPLIFIER 

~7r:) 
1:-----+: PM 

RI5 

+250V 
(+BVOLTAGE 

FROM 
HORIZ.OUTPUT 

STAGE I 

= SPEAKER 

Cl •• ClO=0.01 pF. ceramic. 
500 V 

Cu. Cl=12 pF. part of T. 
C18, C18=0.0022 pF. ceramic. 

500 V 
C .. =10 pF. part of T. 
C21=680 pF. ceramic. 500 V 
C .. =0.047 pF. paper. 200 V 
C .. =O.Ol pF. ceramic. 

500 V 
C .. =0.0068 pF. ceramic. 

500 V 
CR1=Video detector. crystal 

diode. RCA Stock No. 
112524 or equiv. 

M=RF coil. RCA Stock No. 
114815 or equiv. 

L.=RF coil. RCA Stock No. 
114314 or equiv. 

La=RF coil. 47.25-MHz trap 

RCA Stock No. 113097 
or equiv. 

L.=RF coil. RCA Stock No. 
113097 or equiv. 

Lo=Video-detector peaking 
coil. 86 pH. RCA Stock 
No. 109758 or equiv. 

In=Filter choke (reactor). 
2. 7 pH. RCA Stock No. 
107463 or equiv. 

Rl=3300 ohms. 0.5 watt 
&=1000 ohms. 0.5 watt 
R.=39 ohms. ±5%. 

0.5 watt 
R.=4700 ohms. ±5%. 

0.5 watt 
R.=1500 ohms. 1 watt 
&=100 ohms. 0.5 watt 
R.=470 ohms. 0.5 watt 
&=3000 ohms. ±5%. 

0.5 watt 
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29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cont'd) 
R.=820 ohms, 0.5 watt RCA Stock No. 109158 RCA Stock No. 104137 

or equiv. R10=82000 ohms, 0.5 watt or equiv. 
Rll=15000 ohms, 1 watt 'l'2=Second pix if trans- T5=Sound detector resonant 

circuit (includes 10-pF 
capacitor), RCA Stock 
No. 109948 or equiv. 

R12=560 ohms, 0.5 watt former, RCA Stock No. 
R13=470 ohms, 0.5 watt 114317 or equiv. 
R14=0.47 megohm, 0.5 watt 'l',=Sound take-off h'ans-
R15=0.39 megohm, 0.5 watt former, 4.5-MHz, RCA To=Audio output trans

former, matches speaker 
voice-coil impedance to 
tube plate load, RCA 
Stock No. 114490 or equiv. 

R16=Volume control, poten- Stock No. 114489 or equiv. 
tiometel', 1 megohm T!=Sound if transformer 

R17=180 ohms, 0.5 watt (includes primary and 
Tl=First pix if transformer, secondary capacitors), 
Notes: 1. Voltages shown are obtained with no signal input. 

2. For dc voltage and heater supply, see circuit 29-28, page 725. 
3. See additional notes on page 712. 

Circuit Description (Cont'd) 
fieI'. The amplified if signal from 
this stage is coupled by the doubled
tuned 4.5-MHz transformer T. to the 
6HZ6 audio detector-amplifier stage. 
This stage demodulates the 4.5-MHz 
sound if signal and amplifies the re
sultant audio signal voltage. The 
+250 volts used as the plate supply 
for the 6HZ6 is obtained from the 
horizontal output stage (shown in 
circuit 29-27 of the receiver. 

The audio-signal power required 

to drive the speaker is developed by 
a 12FX5 pentode used in a single
ended audio output stage. The audio
signal voltage from the plate of the 
audio detector-amplifier is amplified 
by the 12FX5 and coupled by trans
former To to the voice coil of the 
speaker. The volume-control poten
tiometer R16 in the input circuit of the 
output stage provides manual ad
justment of the sound level from the 
speaker. 

29-26 VIDEO, AGC, AND SYNC AMPLIFIERS 
For Black-and-White TV Receiver 

Circuit Description 
This circuit shows video, agc, 

and sync amplifiers for a black-and
white television receiver. The video 
and sync amplifiers operate from a 
plate supply (B +) voltage of 150 
volts obtained from the receiver low
voltage power supply. The plate sup
ply voltage for the agc amplifier is 
a positive keying pulse from the 
high-voltage transformer in the re
ceiver. The heaters of the three tubes 
are connected in series with those 
of tubes in other sections of the re
ceiver. Operating power for the se
ries heater string is obtained di
rectly from the ac power line. 

In the video amplifier, the pen
tode section of an llLQ8 triode-pen
tode provides the required amplifica
tion of the video signal. The video 
signal is coupled from the video 
detector to the control grid of the 
video amplifier. The output from 
the voltage divider in the plate cir-

cuit of this stage is applied to the 
cathode of the picture tube to in
tensity-modulate the electron beam 
during its vertical and horizontal 
scanning of the picture-tube screen. 
The contrast control adjusts both 
the amplitude of the video output 
and the dc potential at the cathode 
of the picture tube to control picture 
contrast. The voltage-divider net
work in the plate circuit of the video 
amplifier is interconnected with an
other voltage-divider network. This 
second network includes the bright
ness control and the width control 
in the screen-grid circuit of the re
ceiver horizontal-output tube (shown 
in circuit 29-27. The brightness con
trol adjusts the cathode bias on the 
picture tube to control the intensity 
of the screen display. 

An output from the video am
plifier is also applied to the control 
grid of the llLQ8 triode section used 
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29-26 VIDEO, AGC, AND SYNC AMPLIFIERS (Cant'd) 

V IDEO OUTPU T 
(TO CATHODE OF 

+150V PICTURE TUBE) 

C2 

RI R3 

+ CI R4 R7 -IR2 CONTR. 
CONT. 

Rg 

FROM BOV 

T~~~F 
TRANS. 

VIDEO INPUT RIO 

R6 

C6 

AGC 
TOGRIDNO.2 GATINGVOLTAGE 

OF HORIZ. (FROM Hll 
OUTPUT TUBE TRANSFORW£R) 

AGC 
VOLTAGE 

RI3 C5 
r----.... BRIGHTNESS 

CONTROL 

AGC 
AMPLIFIER 

OV 
3 

125V 

=R16 RI5 

112 TYPE 
IILQB 

I 147V 

RIS 
Rig 

RI7 

+150V 

+150V 
AGC TO 

VHF TUNER 

R20 

SYNC pSJti~E 
~A~M;::P..:L;::IF .. IE:::R':"-_~.TO~g~Z. 

112TYPE B5V I= C7 R23 
6GHBA I 

~J~E 
9 TO VERT. 

OSc. R22 

Notes: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply, see circuit 29-28, page 725. 
3. See additional notes on page 712. 

Parts List 
C,=5 1iF, electrolytic, 150 V 
C.=0.15 p.F, paper, 200 V 
C.=0.033, paper, 200 V 
C.=0.0047, ceramic, 500 V 
C=O.l p.F, paper, 200 V 
C.=470 pF, ceramic, 500 V 
0,=100 pF, ceramic, 500 V, 

N1500 
In.=Video-amplifier peaking 

coil, 18 p.H, RCA Stock 
No. 109946 or equiv. 

Rl=18000 ohms, 0.5 watt 

Circuit Description (Cont'd) 

R.=330 ohms, 0.5 watt 
R.=1500 ohms, 0.5 watt 
R.=Contrast control, poten-

tiometer, 4000 ohms, 
3 watts 

R5=1 megohm, 0.5 watt 
Ro=10 ohms, ±5%, 0.5 watt 
R7=22000 ohms, 0.5 watt 
R8=0.27 megohm, 0.5 watt 
RD, RlO, R20=27000 ohms, 

0.5 watt 
Rn=27000 ohms, 1 watt 

RlI=18000 ohms, 0.5 watt 
R13=Bl'ightness control, 

potentiometer, 0.1 megohm 
Ru, RI7=0.82 megohm, 

0.5 watt 
R15=1 megohm, 0.5 watt 
RI6, R21=0.68 megohm, 

0.5 watt 
R18=3300 ohms, 0.5 watt 
Rl.==8.2 megohms, 0.5 watt 
R2!l=5.2 megohms, 0.5 watt 
R!!3=33000 ohms, 0.5 watt 
R2.=15000 ohms, 0.5 watt 

in a keyed-age amplifier stage. The 
operation of the age amplifier is 
gated (keyed) by a positive pulse 
from the high-voltage power trans
former (shown in circuit 29-27). 

This 450-volt keying pulse, which is 
synchronized with the video signal, 
overcomes the bias provided by the 
150 volts applied to the cathode cir
cuit and serves as the plate supply 
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VID,£O~ AG1:t _D 'SYtiC':AMPLW1£RS(COnt'd) 
: 'CirCuit Desctjpt.jon, (Co'nt'd) 
voltage for ,the age l1mplifiElr.Por
tions of the video signa] that ocCUr 
coincident with the:keying' pulse are 
amplified by the agc stage. A 0.1-
microfarad capacitor C. and a 0.S2-
megohm resistor R,. in the plate 
circuit of this stage filter out the 
pulsating components to obtain a 
negative dc voltage proportional to 
the video signal and thus to the rf 
input at the receiver antenna. The 
negative voltage developed in the 
plate circuit of the stage is applied 
as agc bias to the first picture if 
amplifier and to the rf amplifier 
in the vhf tuner. 

Synchronizing pulses are in
cluded in the video signals trans
mitted by a television broadcast sta
tion to provide timing information 
required for synchronization of the 
transmitter and receiver scanning 
systems. The sync amplifier, or sep
arator, separates and amplifies the 

synchronizing pulses contained in 
the composite video signal it re
ceivesfrom the plate circuit of the 
video amplifier. The circuit uses the 
triode section of a 6GHSA triode
pentode to develop the synchronizing 
pulses for the vertical- and hori
zontal-deflection circuits of the re
ceiver. The sync amplifier is basi
cally a class C limiter stage. With 
the video signal applied, the stage 
is biased beyond cutoff by the grid
leak bias network formed by the 
470-picofarad capacitor CII and the 
0.6S-megohm resistor R2, in the con
trol-grid circuit. Only the sync pulses 
in the composite video signal have 
sufficient amplitude to drive the sync 
amplifier into conduction. The result
ant pulses developed across the out
put voltage-divider network are used 
as the synchronizing inputs to the 
horizontal- and vertical - deflection 
circuits. 

29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER 
For Black-and-White Television Receiver 

Circuit Description 
These circuits develop the ver

tical and horizontal scanning signals 
and the dc operating potentials for 
the picture tube (RCA Type 16BGP4) 
used in the black-and-white televi
sion receiver and the boosted B+ 
voltage (+250 volts) used in the au
dio detector-amplifier (part of cir
cuit 29-26. The circuits operate from 
a dc supply of 150 volts. With the 
exception of the lG3GT (or lB3GT) 
high-voltage rectifier tube, the heat
ers of the various tubes are con
nected in series with those of tubes 
in other sections of the receiver and 
are supplied by the input ac power 
line. Heater power for the IG3GT 
(or lB3GT) is provided by a 1.25-
volt winding of the high-voltage 
tarnsformer T,. 

The vertical- and horizontal
deflection circuits are synchronized 
by negative signals from the sync 

amplifier (separator) which include 
horizontal sync pulses, equalizing 
pulses, and vertical sync pulses. 
When the composite video signal is 
generated at the television broadcast 
station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal-retrace period. It is neces
sary, therefore, to extract the lead
ing-edge components from the com
bined sync waveform prior to appli
cation of the synchronizing input to 
the horizontal-deflection circuit. Sim
ilarly, the vertical sync pulses must 
be separated from the combined 
waveform before they can be used to 
synchronize the vertical - deflection 
circuit. 

The combined sync waveform is 
differentiated at the input to the 
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Note.: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply. see circuit 29-28. page 725. 
3. See additional notes on page 712. 
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29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Parts List 
C,=0.0039 pl<", ('ernmi,', 

600 V, N5600 
C2=0.01pF, cel'amic, 500 V 
Ca, C.=0.047 ILF, paper, 

200 V 
C,=0.033 pF, pape,·, 200 V 
C5=0.027 pF, paper, 600 V 
C6=0.016 pF, tubular paper, 

200 V 
Cr=0.022 pF, paper, 200 V 
Cs=0.0022 pF, paper, 1000 V 
ClO=0.0012 pF, ±6%, 

ceramic, 500 V, NaSOO 
Cn=180 pF, ±5'!<., ceramic, 

6000 V, N2200 
C12=47 pF, ceramic. 2500 V, 

N1500 
C,=0.0033 ILF, ceramic, 

500 V 
Cu=68 JlF, paper, 600 V, 

N1600 
C,,=470 pF, ceramic, 500 V 
C,o=0.00a9 pF, myla.·, 400 V 
CI7=O.OOl IfI'~, ceramic, 

500 V 
C1s=O.0033 J1.F. ceramic, 

600 V 
Cm=O.OOl pF, ceramic, 500 V 
C26=0.056 pF, paper, 200 V 
C",-=150 I,F, ceramic, 600 V 
C22=390 pF, mica, 500 
C",,=68 pF, ceramic, 600 V, 

NPO 
L.=Oscillator coil, RCA 

Stock No. 114486 01' equiv. 
L2, L::=RF chokes (reactors), 

8.2 pH, RCA Stock No. 
107385 or equiv. 

PC,=Printed circuit (in
cludes O.OOl-pF and 
0.0024-pF capacitors and 
6ROOO-ohm resistor), RCA 
Stock No. 114506 or equiv. 

Rl=O.l megohm, 0.5 watt 
R.=47 ohms, 0.5 watt 
R" R,=0.82 megohm, 

0.6 watt 
&,=2.2 megohms, 0.5 watt 
R,,=47000 ohms, 0.5 watt 
R7=Height control, potenti-

ometer, 0.75 megohin 
R.=820 ohms, 1 watt 
R.=3300 ohms, 0.5 watt 
Rlf1=Width control, potenti-

ometer, 2000 ohms, 3 watts 
R1L=0.68 megohm, 0.5 watt 
R12=47000 ohms, 0.5 watt 
R",=22 megohms, 0.6 watt 
R,,=22000 ohms, 0.5 watt 
R,;;=Vertical-hold control, 

llotentiometel', 0.75 
megohm 

It ,,,=1. 8 megohms, 0.5 watt 
Rl'i=Vel'tical-lineal'ity 

control, ).lOtentiomcte1", 
0.2 megohm 

R .. =0.47 megohm, 0.6 watt 
Rm, R",,=27000 ohms, 0.5 watt 
R,,), R2t=1000 ohms, 0.5 watt 
R .. =68000 ohms, 0.5 watt 
R2.=10000 ohms, 0.5 watt 
&,=0.18 megohm, 0.6 watt 
R,,,=820 ohms, 0.6 watt 
R27=0.15 megohm, 0.5 watt 
R2_=0.a9 megohm, 0.5 watt 
&,,=12000 ohms, 0.6 watt 
R,,,=l megohm, 0.6 watt 
R.,,=15000 ohms, 0.5 watt 
R"2=68000 ohms, 0.5 watt 
R",=33000 ohms, 0.5 watt 
R:H=1500 ohms, ±5%, 

0.5 watt 
R~,=4700 ohms, 0.6 watt 
R,,=47000 ohms, 0.6 watt 
R.,=HOl·izontal-hold control, 

potentiometer, 70000 ohms. 
SRl=Selenium rectifier, RCA 

Stock No. 109474 or equiv. 
T,=High-voltage and hori

zontal-output transfOl'mer, 
RCA Stock No. 114498 or 
equiv. 

T!!=Vertical-output trans
former, RCA Stock No. 
114502 or eqniv. 

Circuit Description (Cont'd) 

horizontal-deflection circuit to obtain 
negative and positive voltage spikes 
which correspond to the leading and 
lagging edges, respectively, of the 
rectangular sync pulses. The ampli. 
tude of these voltage spikes is de
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses, and, with 
the excentions of the serrations, the 
vertical ~ync pulses do not affect the 
operation of the horizontal-deflec
tion circuits. The leading edge of al
ternate serrations, however, corre
sponds to the start of horizontal
retrace periods and thus may be con
sidered as merely another horizontal 
sync signal. 

portion is compared with a feedback 
signal from the horizontal oscillator 
to derive the synchronizing voltage. 
The frequency of the horizontal os
cillator and the repetition rate of 
the horizontal sync pulses should 
both be 15,750 Hz, the desired hori
zontal scanning rate for the picture 
tube. If the feedback signal from the 
oscillator does not occur coincident 
with the horizontal sync pulse, the 
phase discriminator develops a dc 
error voltage at the control grid of 
the input section of the 8FQ7 twin 
triode used in the oscillator stage. 
The resultant change in oscillator 
bias shifts the phase of the oscilla
tor signal until it is locked in phase 
with the horizontal sync pulse. 

The differentiated sync wave
form is applied to the junction of 
the twin silicon diodes SR, used in 
a phase-discriminator network. The 
positive portion of the differentiated 
waveform has no effect on the dis
criminator network. The negative 

The horizontal oscillator is bas
ically a cathode-coupled multivibra
tor that free-runs, in asymmetrical 
half cycles, at a frequency of 15,750 
Hz. A parallel LC circuit connected 
in series with the plate of the input 
section resonates at 15,750 Hz to pro
vide frequency stabilization for the 
horizontal osdIlatol', The HOLD con-
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Circuit Description (Cont'd) 
trol adjusts the basic multivibrator 
frequency to achieve an exact lock
in with the horizontal sync pulses. 
In a cathode-coupled multivibrator, 
one amplifier section conducts at sat
uration and the other section is cut 
off during one half-cycle of opera
tion, and these states are automat
ically reversed for the next half cy
cle. Such circuits normally provide 
rectangular-wave outputs from each 
plate section that are 180 degrees 
out of phase and that switch be
tween the saturation plate voltage 
and B+ (i.e., the cutoff plate volt
age). 

In the horizontal oscillator a 
series RC network is connected in 
parallel with the output tube section. 
Because of this network, the plate 
voltage does not immediately rise 
to the B + value when the output 
tube section is cut off. Instead, there 
is a small immediate rise in plate 
voltage that results from the voltage 
drop across the resistor R:.. in the 
output RC network produced by the 
initial charging current to the ca
pacitor COlo The plate voltage then 
rises gradually at a rate determined 
by the long-time-constant circuit 
through which the capacitor is 
charged. Before the capacitor can 
fully charge to the B+ voltage, the 
combination of the horizontal sync 
input and the feedback signal from 
the plate of the output section of the 
oscillator drives the grid of the in
put section below cutoff. The instan
taneous rise in the plate voltage of 
the input section is coupled to the 
grid of the output section and causes 
this section to conduct. The capaci
tor C2l in the output RC network 
is then quickly discharged through 
the series resistor and the relatively 
low resistance of the output tube 
section. The output of the horizontal 
oscillator, therefore, is a trapezoidal 
voltage wave. The rising-slope por
tions of this wave (obtained when 
the ouput tuhe section is ('ut off) 

corresponds to the horizontal-trace 
period on the picture tube; the dis
charge portion of the trapezoidal 
wave corresponds to the retrace 
period. The time-constant coupling 
circuits between the input and out
put sections of the oscillator are 
designed so that the retrace period 
represents only about 5 to 10 per 
cent of the over-all oscillator cycle. 

The trapezoidal voltage wave is 
coupled to the control grid of the 
22JU6 pentode horizontal - output 
stage and causes a sawtooth current 
to flow through the high-voltage 
(flyback) transformer T, and through 
the horizontal-deflection coils of the 
picture tube. The gradually rising 
portion of the sawtooth current 
causes the horizontal scanning of 
the picture tube; the more rapid 
negative-slope portion of the cur
rent wave causes the retrace. During 
the retrace period, the picture-tube 
screen is blanked by a negative pulse 
applied to the control grid of the 
picture tube from the vertical-deflec
tion circuits. The WIDTH control R,u 
in the screen grid of the horizontal
output stage adjusts the gain of this 
stage to control the width of hori
zontal scanning. 

The vertical oscillator employs 
a 15KY8A triode-pentode in a basic 
plate-coupled multivibrator configu
ration. This free-running 60-Hz mul
tivibrator is synchronized by the ver
tical sync pulses. The vertical pulses 
are separated from the combined 
sync waveform by integration of the 
combined waveform across the 0.022-
microfarad capacitor C7 in the con
trol-grid circuit of the pentode output 
section of the multivibrator. The in
tegrating network has negligible 
response for the narrow horizontal 
sync and equalizing pulses, but re
sponds to the greater energy in
cluded in the much wider vertical 
sync pulses to develop a triangular 
voltage wave at the control grid of 
the pentode output section. The 
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Circuit Description (Cont'd) 

VERT LIN potentiometer R17 adjusts 
the charging period of the integrat
ing capacitor to control vertical 
liearity. The VERT HOLD potentiom
eter R15 adjusts the frequency of the 
multivibrator to achieve an exact 
lock-in with the vertical sync pulses. 

The voltage waveform at the 
control grid of the pentode output 
section results in a triangular wave 
of current through the vertical-out
put transformer T. and through the 
vertical-deflection coils of the picture 
tube. The rising portion of the tri
angular current wave produces the 
vertical scanning, and the decreasing 
portion of the wave provides the 
retrace. Blanking pulses to cut off 
the picture tube during vertical and 
horizontal retrace periods are cou
pled from the secondary of T. and 
from the VERT LIN potentiometer 
(combined sync waveform before in
tegration) to the control grid of the 
picture tube. 

The 1G3GT (or 1B3GT) half
wave rectifier circuit develops the 
dc operating voltages for the picture 
tube. The ac input power to the 
rectifier is supplied by the horizon
tal-deflection circuits. The sudden 
cutoff of plate current in the hori
zontal-output stage at the beginning 
of the retrace period causes a very 
large, positive-going voltage pulse 

to be generated across the high
voltage transformer T,. The recti
fier converts this voltage pulse to a 
dc output voltage of approximately 
18,000 volts, which is applied to the 
inner coating of the picture tube. 
Removal of negative overshoots that 
would be developed across the high
voltage transformer because of a 
flywheel effect is accomplished by 
connection of a 17BS3A rectifier 
(damper) tube across the horizontal
deflection coils which are in parallel 
with the lower tapped section of the 
high-voltage transformer. The polar
ity of the damper tube is such that 
the positive pulse developed across 
the high-voltage transformer causes 
no current flow through it. For nega
tive pulses, however, the damper 
tube provides a low-impedance path 
for the current, and energy stored 
in the horizontal-deflection coils dur
ing the preceding half-cycle is dis
sipated as heat at the damper-tube 
plate to prevent oscillation in the 
coils. The current through the damp
er tube develops a dc voltage of 450 
volts across the 0.027-microfarad ca
pacitor C. in the cathode circuit. The 
0.68-megohm dropping resistor Rn re
duces this voltage to obtain the 
boosted B + of 250 volts required for 
operation of the audio detector-am
plifier (part of circuit 29-25). 

29-28 LOW-VOLTAGE AND HEATER SUPPLY 
For Black-and-White TV Receiver 

Circuit Description 

This circuit includes the low
voltage (+ 150-volt) dc power sup
ply and the series heater connec
tions for circuits 29-24 through 29-
27. As mentioned previously, the 
power supply and these four cir
cuits comprise a complete black-and
white television receiver, with the 
exception of the picture tube and 
the vertical- and horizontal-deflection 
yokes. 

The power supply is a half-wave 

type which uses a 1N3194 silicon 
rectifier. The 117-volt ac input is 
connected to the power supply 
through an interlock, S" which may 
be mounted on the back cover of 
the receiver. AC input power is then 
automatically disconnected from the 
receiver when the back cover is re
moved. ON-OFF switch S. controls 
the application of ac power to the 
power-supply circuit and to the tube 
heaters. With S, and S. both closed, 
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~28 ·LOW-VOlTAG£ AN,D'HEATER, sUPPtY(Cont''d) 

16 
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6.3V TO 
PICT. TUBE 

HEATER 

C,=0.22 JLF, paper, 600 V 
C2, C5=0.00l, ceramic, 500 V, 

part of assembly with L1 
C3=680 pF, ceramic, 1000 V 
C.=250 JLF, electrolytic, 200 V 
Co, C.=680 pF, ceramic, 

Fl=Fuse, chemical, 0.45 
ampere, RCA Stock No. 
114446 or equiv. 

equiv. 
L3=RF choke for VHF tuner 

filament circuit 
Rl=Resistor-fuse, 0.35 ohm, 

RCA Stock No. 114481 or 
equiv. 

500 V 
C,=400 JLF, electrolytic, 175 V 
C.=0.001 JLF, ceramic, 500 V 
C,0=1000 pF, feedthrough, 

L,=RF choke, part of heater 
printed-circuit board, RCA 
Stock No. 114499 or equiv
alent (includes the two 
0.001-JLF capacitors C2 and 
Co) 

R2=330 ohms, 1 watt 
TH1=Surge protection re

sistor (thermistor), 16 
ohms (cold), RCA Stock 
No. 114480. 5000 V 

L2=FiI ter choke (reactor), 
RCA Stock No. 114501 or 

Circuit Description (Cant'd) 
the 117-volt power from the ac pow
er line is applied to the series heater 
network and to the lN3194 rectifier 
circuit. Two O.OOl-microfarad (C2 and 
Co) and two 6S0-picofarad (C. and 
C.) bypass capacitors and rf chokes 
L, and La are included in the heater 
circuit to filter out any stray high
frequency signals that may be cou
pled from the rf and if signal chan
nels. 

The 117-volt ac input is con
verted to pUlsating dc by the lN3194 
silicon rectifier. A capacitor-input, 
pi-type LC filter network filters the 

rectifier output to obtain a smooth 
dc voltage that approaches the peak 
value of the input ac voltage. The 
6S0-pioofarad capacitor C. in parallel 
with the lN3194 rectifier and the 
thermistor TH, in series with it pro
vide surge-current protection for the 
rectifier. Initial surges of current that 
may result when power is first ap
plied to the circuit (before a charge 
is developed across the input filter 
capacitor) are partially bypassed by 
the 6S0-picofarad capacitor and are 
limited in magnitude by the cold 
resistance of the thermistor. The 
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Circuit Description (Cont'd) 

thermistor has a negative tempera
ture coefficient of resistance, and by 
the time the charge of the input 
capacitor C. builds up sufficiently to 
limit the current through the recti
fier to a safe value, the resistance 
of the heated thermistor is small 
enough so that circuit power losses 
across this device are negligible. The 
resistor-fuse element R, in series with 

the IN3194 rectifier provides pro
tection against any continuous cir
cuit overload. The +150-volt output 
from the power-supply filter network 
is used as the main B + voltage for 
the television receiver. The 330-ohm, 
I-watt dropping resistor R2 at the out
put of the filter network reduces this 
voltage to the +140 volts required 
as the B+ voltage in the vhf tuner. 

COLOR TELEVISION RECEIVER 

Circuits 29-29 through 29-35 
comprise a complete portable color 
television receiver. The brief signal
tracing analyses of these circuits as
sume that the reader has a basic 
knowledge of the purpose and opera
tion of the various circuit sections of 
a color receiver. (The analyses can be 
more easily understood if the reader 
reviews the general discussions on 
television circuits given in the section 
on Electron Tube Applications start
ing on page 15). The receiver, which 
is essentially identical to the RCA 
Type CTC-22, features direct-line op-

eration; the chassis of circuits 29-29 
through 29-35, therefore, are con
nected to one side of the ac line dur
ing operation. Servicing of these 
circuits should not be attempted by 
persons not familiar with the precau
tions necessary when working on this 
type of equipment. (See notes 1 and 
2 on page 712.) 
Note: Circuits 29-29 through 29-35 are in
cluded in tnis manual primarily to illustrate 
applications of RCA electron tubes .. Because 
of the exceptionally high voltages (up to 
21,500 volts), high frequencies, and large 
bandwidths that are required and of the 
many special components that are used, 
home construction of these circuits is not 
recommended. 

29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS 

For Color Television Receiver 

Circuit Description 

This circuit includes the low
voltage (+280-volt) dc power supply, 
degaussing circuitry, and heater con
nections for a color television re
ceiver. The tube heaters, with the 
exception of the color picture tube, 
are connected in series across the ac 
power line. Heater power for the 
picture tube is supplied by trans
former Tlo With ON-OFF switch S, 
closed, the 117-volt power from the 
ac power line is applied to the series 
heater string and to the primary of 
transformer T,. The 117-volt ac in
put power is stepped down by trans
former T, to 6.3 volts at 1.0 ampere 
and applied to the heater of the 
15LP22 color picture tube. Bypass 

capacitors and rf chokes are in
cluded in the series heater string 
to filter out any stray high-frequency 
signals that may be .coupled from 
the rf and if signal channels of the 
receiver. 

Two silicon rectifiers CR, and 
CR. are used in a voltage-doubler 
circuit to convert the 117-volt ac in
put power to the +280-volt B+ sup
ply voltage for the receiver. This 
doubler circuit also provides a 160-
volt output from the junction of re
sistors R, and R5, a +140-volt output 
from the junction of resistor R. and 
capacitor C" and a 95-volt output 
from the junction of resistor R5 and 
capacitor C,5. The dc voltage outputs 
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Parts List 
C,=0.047 .uF. paper. 600 V 
C,=250 .uF. electrolytic. 175 V 
C3=50 .uF. electrolytic. 250 V 
C,=100 .uF. electrolytic. 300 V 
C5=150 .uF. electrolytic. 350 V 
Co=100 .uF. electrolytic. 350 V 
Ct through C14=1000 pF. 

ceramic. 500 V 
C15=2 .uF. electrolytic. 175 V 
CB,=Circuit breaker (in

cludes R,), RCA Stock No. 
120784 or equiv. 

CR,. CR2=Silicon rectifiers. 
RCA Stock No. 113998 or 

95V 

280V 

140V 

THERMAL 
BREAKER 
ELEMENT 

TO CATH. HOR. 
OUTPUT TUBE 

equiv. 
Fl=Fuse. 7-ampere. 250-volt 
Ll. L2=Inductor. 60·Hz line 

filter 
La. L4=Degaussing coils. 

RCA Stock No. 120793 or 
equiv. 

L5=Filter choke. RCA Stock 
No. 120792 or equiv. 

L6. Lt. L8=RF choke 
Rl=2 ohms, wirewound. 

7 watts 
R2=1.3 ohms. part of CBl 
R3=3900 ohms, wire wound. 

3 4 

- --TYPE Ty"PEl 
4KE8 2EG4 I 

I 
I I 
I .I. CI4 TUNER I 
L=- _____ J 

10 watts 
R,=47000 ohms. 1 watt 
R5=10000 ohms. 7 watts 
Sl=ON-OFF switch, single-

pole. single-throw 
S,=Degaussing switch. RCA 

Stock No. 120829 or equiv. 
Tl=Filament transformer; 

primary. 117-volt: sec
ondary. 6.3-volt, I-ampere 

THl=Thermistor; cold re
sistance. 120 ohms 

S.e Note on page 726. 
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Circuit Description (Cont'd) 

are filtered by the pi-section filter 
network formed by L., CG, and COl. 

The ac line is protected against 
any continuous circuit overload by a 
7-ampere fuse, F" connected in series 
with one side of the line to ground. 
Surge protection is provided by a 
thermistor THl connected in series 
with the B+ rectifiers (CR, and 
CR,). The B+ circuit is protected 
by a special thermal reset circuit 
breaker CB,. The cir<'Jit breaker 
opens the B+ line whenever the cur
rent demand on the low voltage 
power supply or the current through 
the horizontal output stage becomes 
excessive. 

The circuit breaker has a resis
tive winding (approximately 1.3 
ohms) that completes the ground re
turn for the horizontal output tube. 
If the cathode current of the output 
tube becomes excessive, the resistive 
winding heats and causes the bi
metal strip in the circuit breaker to 
expand unequally. The resultant 
flexing of the bi-metal strip discon
nects the breaker switch contacts 
and thereby opens the B+ line. The 
same action occurs when the B+ cur
rent demand becomes excessive. 

Degaussing of the color receiver 
is initiated by depression of the 
spring-loaded switch S2 to the DE
GAUSS position. With S, in the 
NORMAL position, capacitors C, and 
C. are combined in parallel to pro
vide the charging capacitance for the 

voltage-doubler circuit. For this con
dition, the parallel capacitors C, 
and Ca are charged to approximately 
142 volts and capacitor C. is charged 
to 140 volts to pl·ovide the +280-volt 
B+ voltage. When S, is depressed to 
the DEGAUSS position, capacitor C, 
is disconnected from the circuit, and 
degaussing coils La and L.. are con
nected in series with the power
supply rectifiers and capacitor G,. 
When the line voltage swings posi
tive, C. is charged through C" de
gaussing coils L" and L., and CR,; 
when the line voltage is negative, 
G, is charged through CR. and the 
degaussing coils. This alternate 
cycling results in a symmetrical 
decaying wavetrain through the de
gaussing coils. The degaussing coils 
physically are looped about the re
ceiver chassis in proximity to the 
color picture tube. The alternating 
magnetic fields developed by the de
caying cun-ent wavetrain through 
these coils effectively demagnetizes 
the picture tube and adjacent 
chassis areas. The wavetrain de
creases to zero when C. is charged 
to twice the peak value of the line 
voltage (approximately 330 volts 
dc). The degaussing action is com
pleted in less than 1 second. It is 
only necessary, therefore, to mo
mentarily depress switch S, to the 
DEGAUSS position. When the switch 
is released, it automatically returns 
to the NORMAL position. 

29-30 VHF TUNER 
For Color Television Receiver 

Circuit Description 

This vhf tuner operates from a 
dc voltage of +280 volts obtained 
from the low-voltage power supply 
in the color television receiver. The 
tuner employs a 2EG4 nuvistor tri
ode in the rf amplifier stage and uses 
a 4KE8 triode-pentode for the os-

cilIa tor and mixer stages. The 
heaters of these tubes are con
nected in series with those of other 
tubes in the receiver; power for the 
series-heater string is obtained di
rectly from the 117-volt ac power 
line. This tuner is very similar to 
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29-30 VHF TUNER (Cont'd) 
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29-30 

Parts List 
C.=0.033 p.F, paper, 200 V 
C., Coo, C •• , C .. =1000 pF, 

feedthrough, 500 V 
C.=47 pF ±5%, ceramic, 

600 V, N750 
C.=2 pF, feedthrough, RCA 

Stock No. 119695 or equiv. 
C.=Trimmer, 2 to 10 pF, 

RCA Stock No. 112038 or 
equiv. 

C.=27 pF ±5%, ceramic, 
600 V, N760 

C.=47 pF, feedthrough, 
600 V 

C., C., C1O, C11=27 pF 
±5%, ceramic, 600 V, N470 

C12=2.7 pF, headed lead, 
600 V 

Cu=SS pF, ceramic, 500 V, 
N750 

C .. =39 pF, feedthrough, 
500 V 

C .. =4.7 pF ±5%, headed 
lead, 600 V 

C •• =680 pF, ceramic, 600 V 
C .. =62 pF ±5%, ceramic, 

1000 V, N1600 
C .. =27 pF, ceramic, 500 V 
C .. =2 pF, ceramic, 600 V, 

NPO 
C .. =5.6 pF ±5%, ceramic, 

600 V, N150 
C .. =27 pF, ceramic, 600 V, 

NPO 
C=0.047 p.F, ceramic, 500 V 
L.=RF amplifier grid coil, 

part of S. assembly 
Ls=UHF trap 
L3=RF amplifier grid-circuit 

coil, part of S. assembly 
L., L., L.=Filter coils for 

high-pass filter network, 
part of T. assembly 

L.=RF amplifier plate coil, 

Circuit Description (Cont'd) 

RCA RECEIVING TUBE MANUAL 

VHF TUNER (Cont'd) 

part of S3 assembly 
Ls through L1B=RF amplifier 

plate-circuit tuning coils, 
part of S. assembly 

Lt. through L28=Antenna 
tuning coils, part of S. 
assembly 

L .. , L30=High-band coupling 
adjust coils 

L3.=Mixer grid coil, part of 
S. assembly 

L .. through L •• =Mixer 
tuning coils, part of S. 
assembly 

L .. , L..=Low-band coupling 
adjust 

L .. =RF amplifier grid-circuit 
coil, part of S. assembly 

L4G=IF input coil for signals 
from uhf tuner, RCA 
Stock No. 120782 or equiv. 

L .. =RF coil, part of input 
circuit for signals from 
uhf tuner 

L,s=Mixer plate coil, RCA 
Stock No. 112909 or equiv. 

L,.=RF filter coil 
Lso=Channel 13 range

centering coil 
L .. through L .. =Local

oscillator tuning coils, part 
of S. assembly 

Jl, J.=Single-contact female 
connector, RCA Stock No. 
104039 or equiv. 

R.=47000 ohms, 0.6 watt 
R.=16000 ohms, 3 watts 
R3=4700 ohms, 1 watt 
R.=82000 ohms, 0.5 watt 
&=1500 ohms, 0.5 watt 
R.=10000 ohms, 0.6 watt 
R.=2200 ohms, 0.6 watt 
Ro, R.o=10 ohms, 0.5 watt 
R., R13=1000 ohms, 0.5 watt 

Ru=27000 ohms, 0.0 watt 
R12=68000 ohms, 1 watt 
R,,=5600 ohms, 0.5 watt 
R .. =6800 ohms, 0.5 watt 
R.o=680 ohms, 1 watt 
S.=Local-oscillator section of 

channel-selector switch; 
stator assembly, RCA 
Stock No. 114837 or equiv., 
includes local-oscillator 
tuning coils Ls. through 
Los 

S2=Mixer section of channel
selector switch; stator 
assembly, RCA Stock No. 
120084 or equiv., includes 
mixer tuning coils L31 
through L .. 

S.=RF amplifier section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 120086 or equiv., 
includes rf amplifier plate 
tuning coils L. through LlS 

S,=UHF function switch 
assembly; part of channel
selector switch; stator 
assembly, RCA Stock No. 
114807 or equiv. 

S.=Antenna section of 
channel-selector Bwitch : 
stator assembly, RCA 
Stock No. 120087 or equiv., 
includes antenna tuning 
coils Lt, L45, and LtD 
through Las 

T,=Antenna matching trans
former (includes coils Lt. 
L., and L. in high-pass 
filter network), RCA Stock 
No. 113968 

See Note on page 726. 

the tuner for a black-and-white tele
vision receiver (shown in circuit 29-
24), and it operates equally well for 
either color or black-and-white trans
missions. 

With the channel selector set to 
any of the channel positions 2 
through 13, telecast signals, either 
color or black-and-white, from the 
selected channel are coupled from the 
antenna circuit through sections S. 
and S. of the channel selector to the 
control grid of the 2EG4 rf amplifier. 
For channel positions 2 through 13, 
the input lead (IF INPUT) from the 
uhf tuner is not connected to the 
vhf tuner. 

The antenna used with the tuner 
is a balanced 300-ohm dipole type 
which is matched to the unbalanced 
tuner input circuit by the antenna 
matching transformer T,. The 
ganged 5-section, 13-position channel 
selector, S. through S" establishes 
the operating frequency of the tuner 
for each of the vhf channels 2 
through 13 or adapts the vhf tuner 
for operation with a uhf tuner. 
When used with a uhf tuner, the 
vhf tuner is operated as a two stage 
broadband rf amplifier and becomes 
essentially a pre-if amplifier for the 
color television receiver. 

The vhf input signals are ampli
fied by the rf amplifier. The S. and 
S. sections of the channel selector 
connect the appropriate combinations 
of inductors into the grid and plate 
circuits of the rf amplifier to tune 
this stage to the desired frequency 
channel. An agc bias voltage, de
rived from the keyed agc amplifier 
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29-30 VHF TUNER (Cont'd) 

Circuit Description (Cont'd) 

in another section of the color re
ceiver (circuit 29-32), is applied to 
the control grid of the 2EG4 to con
trol the gain of the rf amplifier 
automatically. 

The output of the rf amplifier 
is coupled through sections S. and 
S. of the channel selector to the con
trol grid of the 4KE8 pentode sec
tion used in the mixer stage. Section 
S. of the ganged channel selector 
selects the proper combination of in
ductors to tune the mixer input 
circuit to the same operating fre
quency as that of the rf amplifier. 
A signal from the plate of the 
4KE8 triode section used in the local
oscillator stage is also applied to 
the mixer. Section S, of the channel 
selector selects the required induc
tance so that the oscillator operates 
at a frequency 45.75 MHz above the 
video carrier frequency of the vhf 
channel selected by the tuner. 

The signals from the rf ampli
fier and local oscillator are hetero
dyned in the mixer stage to produce 
the 45.75-MHz amplitude-modulated 
and 41.25-MHz frequency-modulated 
difference freqencies used as picture 
and sound intermediate frequencies, 
respectively. The composite color 
signal received at the antenna also 
includes a 3.58-MHz color subcarrier 
sideband. This subcarrier is also 

heterodyned with the local-oscillator 
frequency to produce a color-sub
carrier intermediate frequency of 
42.17 MHz. The picture, color-sub
carrier, and sound if signals are 
coupled from the plate of the mixer 
through J. to the if stages of the 
receiver. 

When the multiple-section chan
nel selector is rotated to the UHF 
position, S. disconnects the vhf an
tenna circuit from the rf amplifier, 
and section S. completes a connection 
to the 280-volt B+ line through sev
eral voltage-dropping resistors to 
provide a dc voltage output of 18 
volts for use as the B+ voltage for 
a uhf tuner. The video, sound and 
color-subcarrier if signals from a 
uhf tuner can then be applied 
through the IF INPUT jack J, and 
contacts of S. and S. to the control 
grid of the 2EG4 rf amplifier. 

With the channel selector in the 
UHF position, switch section S, 
opens the B+ line to the local oscil
lator to disable this stage. In addi
tion, sections S" S" and S. select the 
proper combination of components 
so that the rf amplifier and mixer 
stages operate as broadband 44-MHz 
amplifiers to provide two stages of 
amplification of the picture and 
sound if signals ahead of the receiver 
main if strip. 

29-31 VIDEO-AND SOUND-CHANNEL CIRCUITS 
For Color Television Receiver 

These circuits form the video 
and sound channels for a color tele
vision receiver. The circuits operate 
from a dc supply voltage of 280 
volts, obtained from the receiver 
low-voltage power supply. The tube 
heaters are included in the series
heater string for the over-all re
ceiver. Operating power for the 
series-heater string is obtained di
rectly from the 117-volt ac power 
line. 

The picture if-amplifier circuit 

consists of two high-gain stages that 
use high-transconductance frame
grid tubes and double-tuned inter
stage coupling transformers. The 
composite if input from the vhf 
tuner which consists of amplitude
modulated 45.75-MHz picture signals 
42.17-MHz color-subcarrier compo
nents, and frequency-modulated 
41.25-MHz sound signals, are coupled 
by capacitor COl and transformer T. 
to the control grid of the 3KT6 
pentode used in the first picture if 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

TO HEATER 
(PIN6) OF 2nd 
VIDEO 

Parts List 
C,=5 pF, part of T1 
C.=1000 pF ±5%. ceramic. 

500 V 
C., C •• C •• C,,=O.OI JLF. 

ceramic, 500 V 
. C.=10 pF ±5%. ceramic. 

500 V. NPO 
Co=1.5 pF, ceramic, 500 V. 

NPO . 
C.=6 pF, part of T2 
C8=47 pF. ceramic, 500 V. 

N750 

C34C43 CONTRAST 
CONTROL 

= 

HORIZ. BLANKING 
PULSE 

C,0=150 pF, part of T. 
Cn=39 pF. ceramic, 500 V. 

N750 
C12=560 pF, ceramic. 500 V 
C13=10 pF. part of T. 
C,5=4 pF. ceramic. 500 V 
C,<I=10 pF, ceramic. 500 V. 

NPO 
C17=6800 pF, ceramic, 500 V 
C,.=47 pF, ceramic, 500 V, 

N750 
C,.=0.047 pF, ceramic, 500 V 

VERT. BLANKING 
PULSE 

BIAS 
REF. 
TO 

PICT. 
TUBE 

C20=0.0033 JLF, paper. 1600 V 
C21=Trimmer. 3 to 15 pF. 

RCA Stock No. 116502 or 
equiv. 

C •• =150 pF ±5%. mica. 
500 V 

C2., C2 •• C28. C3..=1000 pF. 
ceramic. 500 V 

C2.=330 pF, mica. 500 V 
C.,=24 pF, ceramic. 500 V, 

NPO 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cant'd) 
C .. =4700 pF. ceramic. 500 V 
C .. =430 pF ±5%. mica. 

500 V 
C3O=150 pF. mica. 500 V 
C31=0.047 JLF. Mylar. 100 V 
C .. =0.047 JLF. ceramic. 100 V 
C .. =O.l /tF. Mylar. 100 V 
C .. =560 pF. ceramic. 500 V 
C.o=680 pF. ceramic. 500 V 
C37=220 pF. ceramic. 500 V 
C •• =50 /tF. electrolytic. 50 V 
CR,. CR •• CR.=IN60 diode 
CR.= Vertical-blanking diode. 

RCA Stock No. 116867 or 
equiv. 

DL1=Delay line. RCA Stock 
No. 120786 or equiv. 

Ll=RF choke. 3.9 /tH. RCA 
Stock No. 116507 or equiv. 

La. L,O=RF choke. 1.8 pH. 
RCA Stock No. 109248 or 
equiv. 

La=RF choke. 12 /tH. RCA 
Stock No. 120831 

L.=Inductor for 47.25-MHz 
trap. RCA Stock No. 
121447 or equiv. 

Ls=Video-detector filter coil. 
5.6 JLH. RCA Stock No. 
109171 or equiv. 

Le. Ls=Part of 4.5-MHz 
,trap. RCA Stock No. 

121446 or equiv. 
Lo=Video-detector filter coil. 

36 /tH. RCA Stock No. 
16056 or equiv. 

Ls=RF choke. 100 /tH. RCA 
Stock No. 117380 or equiv. 

Lll=Filter coil. 27 /tH. 
RCA Stock No. 116511 
or equiv. 

L12=Filter network (in
cludes resistor R",) ; RCA 
Stock No. 116499 or equiv. 

L18=Second-video plate coil. 

Circuit Description (Cant'd) 

330 /tH. RCA Stock No. 
118710 or equiv. 

Lu=First-video plate coil, 
1.8 /tH. RCA Stock No. 
78466 or equiv. 

Rt, R6. R3.'i, R.m=270 ohms. 
0.5 watt 

R •• R:m=10000 ohms. 0.5 watt 
R,,=8200 ohms. 0.5 watt 
R,=0.15 megohm. may be part 

of T. 
R.=3300 ohms. 0.5 watt 
Ro=0.68 megohm. 0.5 watt 
R.=0.47 megohm. 0.5 watt 
R.=68000 ohms. may be part 

of T. 
Rlo=Potentiometer. volume 

control. 1 megohm, 
0.5 watt 

Ru=Potentiometer. sound
rejection adjustment, 
7500 ohms. 0.5 watt 

Rl.=0.33 megohm. 0.5 watt 
R,a. R'IO=O.l megohm. 

0.5 watt 
Ru=3900 ohms. ±5%. 

0.5 watt 
R15=56 ohms. ±5%. 

0.5 watt 
R1B=1000 ohms. 0.5 watt 
Rl1=22000 ohms. 4 watts 
R,8=6800 ohms. ±6%. 

0.5 watt 
R,o=150 ohms. ±5%. 

0.5 watt 
R20=470 ohms. 0.5 watt 
R21=1200 ohms. 0.5 watt 
R .. =4700 ohms. 0.5 watt 
R .. =0.18 megohm. 0.6 watt 
R •• =5.6 megohms. 0.6 watt 
R2B=22 megohms. 0.5 watt 
R27=2.7 megohms. 0.6 watt 
llis=Potentiometer, bright-

ness control. 0.25 megohm. 
RCA Stock No. 120775 

or equiv. 
R •• =680 ohms ±5%. 

0.5 watt 
R.,=0.22 megohm. 0.6 watt 
R .. =2200 ohms. part of 

assembly with L12 
R •• =0.39 megohm. 0.5 watt 
R.,=0.12 megohm. 0.5 watt 
R.o=lOO ohms. 0.5 watt 
R.o=5600 ohms. 0.5 watt 
R .. =560 ohms. 0.5 watt 
R"o=22000 ohms. 3 watts 
R,o=6800 ohms. 4 watts 
R,,=10000 ohms. 3 watts 
R'2=33000 ohms. 4 watts 
Tl=Sound-takeotf trans-

former (includes C,). RCA 
Stock No. 120824 or equiv. 

T2=4.6-MHz sound if trans
former (includes Co and 
may include R,). RCA 
Stock No. 120828 or equiv. 

T:I=Pix if output trans
former and 41.25-MHz 
trap. RCA Stock No. 
120827 or equiv. 

T<=Sound-demodulator 
quadrature network (in
cludes C13 and may include 
R.). RCA Stock No. 120825 
or equiv. 

T.=Audio output trans
former. matches 5000-ohm 
tube-plate impedance to 
3.2-ohm speaker voice coil. 
RCA Stock No. 120822 or 
equiv. 

TfI=IF input transformer 
and 4L25-MHz trap. 
RCA Stock No. 116560 
or equiv. 

T7=Pix if transformer. 
RCA Stock No. 120826 
or eouiv. 

See Note on page 726. 

amplifier. The 3KT6 tube has good 
remote-cutoff characteristics, and 
the automatic-gajn-control (agc) 
bias voltage from the receiver agc 
amplifier (shown in circuit 29-32) is 
also applied to the control-grid cir
cuit of this tube. The output of the 
first picture if amplifier is coupled 
by transformer To to the control grid 
of the 3JC6A pentode used in the 
second picture if amplifier. Capacitor 
C.. couples the output of the second 
picture if amplifier to the sound de
tector, and transformer T. couples 
the output to the video (pix) de
tector. Transformers To, To, and T. 
are stagger-tuned to obtain the wide 
band pass required for the if ampli
fiers to pass both the 45.75-MHz 
video AM signals and the 41.25-MHz 

sound FM signals, as well as the in
termediate 42.17 color subcarrier. 

The sound detector (CR, and as
sociated components) is essentially 
a second mixer circuit. The 45.75-
MHz picture if signal and the 41.25 
sound if signal are heterodyned to 
produce a second sound if carrier of 
4.5 MHz. This 4.5-MHz sound if car
rier is still frequency-modulated by 
the audio components contained in 
the original rf signal input at the 
receiver antenna. The sound-takeoff 
transformer T, forms a selective load 
impedance for the 4.5-MHz if signal 
derived in the sound detector circuit. 

The 4.5 MHz signal developed 
across sound-takeoff transformer T, 
is applied to the control grid of the 
3JC6A sound if amplifier. The ampli-
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 
Circuit Description (Cont'd) 
fied 4.5 MHz FM if signal from this 
stage is then coupled by the double
tuned transformer T. to the control 
grid of the 5HZ6 sound demodulator. 
This stage demodulates the 4.5-
MHz sound if signal and amplifies 
the resultant audio signal voltage. 
The +490 volts used as the plate 
supply for the 5HZ6 demodulator 
tube is derived from the 700-volt 
B Boost supply in the horizontal
output stage (shown in circuit 29-
33) of the receiver. 

The tuned secondary circuit of 
transformer T. selects the 45.75-
MHz amplitude-modulated picture 
and 42.17-MHz color sideband signals 
from the composite if signal and 
applies this picture signal to the 
video detector (CR. and associated 
components). The detected video sig
nal developed across the detector
circuit filter network (Lo, Lo, LT, LB, 

and C,o) is then coupled through C'l 
and R.. to the control grid of the 
5GHSA triode section used in the 
first video amplifier (the pentode 
section of the 5GHSA tube is used 
in the sync-agc-and-chroma driver, 
shown in circuit 29-32). The first 
video amplifier supplies the input 
signals to the sync-agc-and-chroma 
driver and to the second video ampli
fier. 

The second video stage performs 
many functions. The input circuit of 
the llHM7 pentode used in this 
stage is the insertion point for hori
zontal blanking pulses (for eventual 
application to the cathodes of the 
color picture tube). The horizontal 
blanking diode CR. is placed in the 
conducting mode by a small positive 
voltage applied to its anode through 
the dropping resistor R.. from the 
2S0-volt B+ source. During active 
video scanning time, diode CR. is 
forward-biased (conducting), and 
the video signal is coupled by capaci
tor C .. " to the control grid of the 
video amplifier. During horizontal 
blanking time, a negative pulse from 
the horizontal-output transformer 

(Tl in circuit 29-33)· is applied 
through C" and R" to the diode. 
This negative pulse is sufficient to 
cut off the diode during horizontal 
retrace time. The pulse is applied 
to the control grid of the second 
video amplifier and drives the grid 
more negative (than would the nor
mal horizontal sync pulse). The neg
ative signal at the grid is inverted 
at the plate; the added positive level 
coupled to the cathodes of the color 
picture tube is sufficient to provide 
blanking of horizontal retrace lines. 

The brightness control for the 
color receiver is also located in the 
control-grid circuit of the second 
video amplifier. Negative dc grid 
bias for the llHM7 second video 
tube is derived from the ac voltage 
obtained from the heater, pin 6, of 
the second video tube. The llHM7 
heater is in the approximate center 
of the series heater string (refer to 
circuit 29-29); at this point, approx
imately 60 volts of ac voltage is 
available. The negative dc voltage 
(about -75 volts) is developed across 

Ca:, by the IN3194 rectifier circuit. Ad
justment of the brightness control, 
R28 alters the grid bias by "tapping" 
the positive voltage applied to the 
top of the control. This unique 
circuit arrangement provides auto
matic brightness compensation with 
changes in power-line voltage. If 
line voltage increases, the negative 
voltage across C32 increases; the in
creased bias that is then applied to 
the llHM7 decreases the conduction 
of this tube. The opposite action oc
curs with a decrease in line volt
age. 

The cathode of the second video 
amplifier is returned to the contrast 
control R". Brightness stability is 
obtained by use of a fixed 150-ohm, 
5-per cent resistor, R .. , for dc cath
ode bias. Adjustment of the contrast 
control does not change the dc char
acteristics of the cathode; only the 
ac signal gain of the stage is altered 
when the control is adjusted. 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 

Vertical-retrace blanking is ac
complished in the plate circuit of the 
second video amplifier. During ac
tive scan periods, the vertical-blank
ing diode CR. is forward-biased 
(conducts); during vertical retrace 
periods, however, a positive (blank
ing) pulse from the vertical-output 
transformer (T2 in circuit 29-33) is 
applied through R .. to the cathode 
of the diode. This 60-volt positive 

pulse is large enough to bias the 
diode into cutoff. During the blank
ing interval, the positive voltage 
pulse is added to the plate voltage 
of the llHM7 second-video tube and 
applied to the cathode circuits of the 
color picture tube. As a result of the 
increased positive potential at the 
cathode, the picture tube is cut off 
during vertical retrace periods. 

29-32 SYNC, AGC, AND VERTICAL-DEFLECTION CIRCUITS 
For Color Television Receiver 

9 V 

TO CONTROL 
TO 

CHROMA 
CIRCUITS 1 GRID OF 

lsi VIDEO 

1/2T~G~8A r 
SYNC AGe a 

CHROMA DRIVER RI7 

Parts List 
C,=0.18 /LF, Mylar, 200 V 
C2=24 pF, ceramic, 500 V, 

NPO 
C3, C1'1=0.01 p,F, ceramic, 

500 V 
C.=1000 pF, cel·amlc, 500 V 
C5=3300 pF, cel·arnic, 500 V 
C.=470 pF, ceramic, 500 V 
C.=0.1 /LF, paper, 600 V 

280V 

C.=0.0056 /LF, Mylar, 
400 V 

C.=0.01 /LF, Mylar, 600 V 
ClO, C13=680 pF, ceramic, 

500 V 
Cn=0.047 /LF, Mylar, 100 V 
C,2=1500 pF, ceramic, 500 V 
C,3=50 /LF, electl·olytic, 

75 V 

TO GRID No.3 
OF HaRtZ. 

OUTPUT TUBE 

ClI=0.0082 /LF, paper, 
1000 V 

TO 01-2 
IN 

OEFL. 
CIRCUIT 

C16=0.033 /LF, Mylar, 600 V 
C18=0.001 /LF, ceramic, 

3000 V 
C,o=25 /LF, electrolytic, 25 V 
L,=RF choke, 120 /LH, part 

of assembly with Ro, RCA 
Stock No. 120795 or equiv. 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Parts List (Cont'd) 
0.5 watt 0.5 watt R., R18=0.15 megohm, 

0.6 watt R13=10 megohms, 0.5 watt R .. =0.22 megohm, 0.6 watt 
R32=3300 ohms, 1 watt R2=Potentiometer, age 

adjustment, 60000 ohms, 
0.6 watt. RCA Stock No. 
120804 or equiv. 

R .. =22000 ohms, 0.5 watt 
Ru=IOOOO ohms, 3 watts 
R.0=22 megohms, 0.5 watt 

R .. =1500 ohms, wirewound, 
3 watts 

R3=27000 ohms, 0.5 watt 
14=3300 ohms. 0.6. watt 
Ro. R •• , b=10000 ohms. 

R •• =3.3 megohms, 0.5 watt 
R20=1.6 megohms, 0.5 watt 
Rn=Potentiometer, vertical-

Ra..=Potentiometer. vertical ... 
height control, 1 megohm, 
0.5 watt, RCA Stock No. 
120805 or equiv. 

0.6 watt 
R.=6800 ohms, 0.5 watt 
R.=27000 ohms. 1 watt 
&=1600 ohms, 0.5 watt 
R.=68000 ohms, 0.6 watt. 

linearity control, 3.4 meg
ohms, 0.5 watt, RCA 
Stock No. 120807 or equiv. 

Rao=O.l megohm, 1 watt 
Ra7=Potentiometer, vertical

hold control, 0.75 meg
ohm, 0.6 watt 

part of assembly with L, 
RlD=0.56 ohms, 0.5 watt 
Rll=1800 ohms, 0.5 watt 
RH, R .. , Ra.=0.12 megohm. 

k=56000 ohms, 0.6 watt 
R .. =47000 ohms, 0.5 watt 
R .. =4.7 megohms, 0.5 watt 
&=1000 ohms. 0.5 watt 
Roo=1.5 megohms, 0.5 watt 
&.=0.47 megohm, 0.5 watt 
R20=33000 ohms ±5%. 

VDR.=Voltage-dependent 
resistor (varistor) ; 870 
volts at 1 mA; RCA 
Stock No. 112876 or equiv. 

See Note on pap 726. 

Circuit Description 
This circuit shows the. sync-agc

and-chroma driver, agc amplifier, 
sync separator, and vertical deflec
tion circuit for a color television re
ceiver. The sync-agc-and-chroma 
driver, the sync separator, and the 
vertical output tube operate from 
a plate supply (B+) voltage of 280-
volts obtained from the receiver low
voltage power supply. The plate 
supply voltage for the agc amplifier 
is a positive keying pulse from the 
horizontal-output transformer, and 
the plate voltage for the vertical os
cillator is obtained from the 700-
volt B Boost supply in the horizontal 
output circuit. The tube heaters are 
connected into the series-heater 
string for the over-all color receiver; 
operating power for the heater 
string is obtained directly from the 
ac power line. 

The drive signal for the sync 
and agc circuits is obtained from the 
cathode of the first video amplifier 
(shown in circuit 29-31). This signal 
is coupled by capacitor C. and the 
parallel LR network L. and R. to 
the control grid of the 5GH8A pen
tode section used in the sync-agc
and-chroma driver. (The triode sec
tion of the 5GH8A tube is used in 
the first video amplifier). The screen
grid and control-grid bias voltages 
for the driver pentode are also ob
tained from the first video amplifier. 
The output of the driver stage is ap
plied to the control grids of the agc 

amplifier and the sync separator and 
to the chroma circuits (shown in 
circuit 29-34). 

The agc amplifier uses the pen
tode section of a 5GH8A triode
pentode; the triode section of this 
tube is used in the sync separator. 
The operation of the agc amplifier 
is gated by a positive keying pulse 
from the horizontal-output trans
former (shown in circuit 29-33). This 
pulse, which is synchronized with 
the video signal, overcomes the bias 
provided by the 95 volts (obtained 
from the receiver low-voltage power 
supply, circuit 29-29) applied to 
the cathode circuit of the agc ampli
fier. Portions of the video signal that 
occur coincident with the keYing 
pulse (i.e. during the horizontal 
blanking interval) are amplified by 
the agc stage. Resistor R. and capac
itor C., together with other filtering 
elements in the control-grid circuit 
of the first picture if amplifier, filter 
out the pulsating components in the 
video signal to obtain a negative dc 
voltage proportional the video sig
nal and thus to the rf input at the 
receiver antenna. Similarly, an agc 
bias voltage for the vhf tuner is de
veloped across the filter capacitor Ca. 

Synchronizing pulses are in
cluded in the composite rf signals 
transmitted by a television broadcast 
station to provide timing informa
tion required for synchronization of 
the transmitter and receiver scan· 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 

ning systems. The sync separator 
separates and amplifies the synchro
nizing pulses contained in the com
posite video signal it receives from 
the sync-agc-and-chroma driver. 
,The 5GH8A triode section used in 
this stage is operated basically as a 
class C limiter. When the video sig
nal is applied, the stage is biased 
beyond cutoff by the negative volt
age developed by the grid-leak bias 
network formed by c.. and Rts. Only 
the sync pulses in the composite 
video signal have sufficient amplitude 
to drive the sync amplifier into con
duction. The resultant negative 
pulses developed in the plate circuit 
of the 5GH8A triode section are ap
plied as the synchronizing inputs to 
the vertical and horizontal deflection 
circuits. 

The vertical-deflection circuit 
employs one section of a 10GF7A 
dual triode in a vertical oscillator 
stage and a vertical output stage. 
These two stages form a basic plate
coupled 60-Hz free-running multi
vibrator that is synchronized by 
negative vertical sync pulses from 
the sync separator stage. The nega
tive-pulse output from the zync sep-

,arator, however, includes horizontal 
sync pulses and equalizing pulses in 
addition to the vertical sync pulses. 
rhe vertical sync pulses must be 

separated from the composite sync
separator output prior to the appli
cation of the synchronizing input to 
the vertical-deflection circuits. This 
separation is accomplished by in
tegration of the composite sync
separator output across capacitor 
C,2. The integrating network (R .. 
and C12) has negligible response for 
the narrow horizontal-sync and 
equalizing pulses, but responds to 
the greater energy contained in the 
much wider vertical-sync pulses to 
develop a triangular voltage wave
form, coupled by ClO, CD, and R"" to 
the control grid of the vertical-out
put triode section, that synchronizes 
the operation of the multivibrator. 
The combination of the triangular 
wave input to the grid of the output 
section and the square-wave multi
vibrator signal results in a trape
zoidal voltage waveform at the plate 
of the output section. This trape
zoidal voltage wave produces a tri
angular wave of current through the 
vertical-output transformer (T. in 
circuit 29-33) an.d through the ver
tical deflection coils of the picture 
tube (shown in circuit 29-35). The 
rising portion of the triangular cur
rent waveform produces the vertical 
scanning, and the decreasing portion 
of the waveform provides the re
trace. 

29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH VOLTAGE POWER SUPPLY 

For Color Television Receiver 

Circuit Description 

These circuits develop the hori
zontal scanning signals and the dc 
operating voltage (21,500 volts) for 
the color picture tube (RCA Type 
15LP22) and the receiver B Boost 
voltage (700 volts). The circuits op
erate from the receiver low-voltage 
(280-volt) supply. The heaters of the 
5GH8A, 24JE6A, and 17KV6A tubes 
used in these circuits are included 
in the series-heater string for the 

over-all receiver; operating power 
for these heaters is obtained directly 
from the 117-volt ac power line. 
Heater power for the 3A3A high
voltage rectifier tube is obtained 
from a 3-volt secondary winding on 
the high-voltage transformer. 

A blocking oscillator in which 
the transformer coil is located in the 
cathode circuit is used to obtain 
a large-amplitude horizontal-drive 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
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BURST GATE AND 
KILLER PULSE 

TO CIRCUITL------, 
BREAKER IN 

L.v. RECT. 

21500V 
TO 2nd ANODE 
OF PICT. TUBE 

r-;--""Nv-~{) 

HORIZ. 
KEYING 
PULSE 

VERT. 
BLANKING 

PULSE 

HORIZ. 
R31 Lvv~==========~===============r---------~HOLD 

Parts List 
Cl=82 pF:t1 pF. ceramic. 

600 V. NPO 

RII 

C,=1200 pF. ceramic. 500 V 
C=0.0018 p,F. paper. 

1000 V 
C.=150 pF. ceramic. 600 V. 

NPO 
C.=0.16 p,F. Mylar. 75 V 
C.=0.01 p,F. Mylar. 600 V 
C7=0.01 p,F. Mylar. 75 V 
Cs, C15=1200 pF, ceramic, 

500 V 
CD. C .. =0.1 p.F. Mylar. 

400 V 
ClO=15 pF. ceramic. 6000 V. 

N750 
Cn. Cl3=1000 pF. ceramic. 

500 V 
C ... C14=0.01 p,F. Mylar. 

400 V 
Cl6=270 pF :t5%. mica. 

600 V 

C17=100 pF. ceramic. 5000 V. 
N1500 

C18=22 pF. ceramic. 1000 V. 
N750 

C2o=0.1. Mylar. 200 V 
C,"=0.033 p,F. Mylar. 600 V 
C,,=0.01 p,F. Mylar. 600 V 
C23=40 p,F. electrolytic. 

350 V 
C2,=0.047 p,F. Mylar. 

600 V 
C:,m=150 pF, ceramic, 

2000 V. N1500 
026=270 pF, ceramic, 

2500 V. N1500 
C27=150 pF, ceramic, 

2000 V. N1600 
CR,=AFC diodes. RCA 

Stock No. 109474 or equiv. 
CR,=Damper diode. RCA 

Stock No. 120818 or equiv. 
J l=Octal socket. conver

gence-circuit input jack, 

RCA Stock No. 77645 or 
equiv. (mates with Pl on 
circuit 26-36) 

J 2=Octal socket. deflection
yoke input jack. RCA 
Stock No. 102787 or equiv. 
(mates with P2 on circuit 
26-36) 

Lt, L2=Horizontal-oscillator 
dual-coil assembly. RCA 
Stock No. 109947 or equiv. 

La. L.=RF choke. 4.7 p,H. 
RCA Stock No. 120839 
or equiv. 

L5=Variable induetor, hori
zontal efficiency adjust
ment. RCA Stock No. 
120794 or equiv. 

R1. R22=0.22 megohm. 
0.5 watt 

R •• &00=0.39 megohm. 
0.5 watt 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

Parts List (Cont'd) 
&=0.27 megohm, 0.5 watt 
R.=100 ohms, 0.5 watt 
R5=15000 ohms, 0.5 watt 
R.=1200 ohms, 0.5 watt 
R7=47 ohms, 0.5 watt 
R., &.=0.12 megohm, 

0.5 watt 
Ro=0.15 megohm, 0.5 watt 
RlO=82000 ohms, 0.5 watt 
Rll=8.2 megohms, 0.5 watt 
R,,=680 ohms, 2 watts 
R,3=820QO ohms ±2%, 

R15=100 ohms, 0.5 watt 
R,0=68000 ohms, 1 watt 
R,7=33000 ohms, 0.5 watt 
R,8=1000 ohms, 2 watts 
R,.=10000 ohms, 0.5 watt 
R21=27000 ohms, 0.5 watt 
R .. =10 megohms, 0.5 watt 
&4=Potentiometer, high .. 

R31=Potentiometer, horizon
tal-hold control, 50000 
ohms, 0.5 watt 

SG1=Spark-gap capacitor, 
0.5 pF, 1000 V, RCA 
Stock No. 120819 or equiv. 

T1=Horizontal-output (f!y
back) transformer, RCA 
Stock No. 120820 or equiv. 

0.5 watt 
R,,=82000 ohms ±5%, 

4 watts 

voltage adjustment, 0.5 
megohm, 0.5 watt 

R.5=33000 ohms, 0.5 watt 
R!l1=0.56 megohm, 0.5 watt 
&8=0.27 megohm, 1 watt 
R .. =120 ohms, 0.5 watt 
R30=2.2 megohms, 0.5 watt 

T2= Vertical-output trans
former, RCA Stock No. 
120821 or equiv. 

See Note on page 726. 

Circuit Description (Cont'd) 

waveform. A control stage es
tablishes the bias for the oscillator 
and, in this way, controls the firing 
of the oscillator stage. The 5GH8A 
triode-pentode is used in these 
stages. The triode section is used as 
the oscillator tube; the pentode sec
tion is used as a high-gain, low-drift 
control tube. 

When the composite video signal 
is generated at the television broad
cast station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal retrace period. These 
leading-edge components are ex
tracted from the composite output 
from the sync separator (shown in 
circuit 29-31) and are used to syn
chronize the operation of the hori
zontal oscillator. 

The sync waveform is dif
ferentiated by the RC network (C, 
and R.) at the input to the horizontal 
deflection circuit to obtain negative 
and positive voltage spikes that cor
respond to the leading and lagging 
edges, respectively, of the rec
tangular sync pulses. The ampli
tude of these voltage spikes is de
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses; as a re
sult, with the exception of the serra-

tions, the vertical sync pulses do not 
affect the operation of the hori
zontal-deflection circuits. The leading 
edge of alternate serrations, how
ever, correspond to the start of 
horizontal-retrace periods and thus 
may be considered as merely another 
horizontal sync signal. 

The differentiated sync wave
form is applied to the junction of 
the twin silicon diode CR, used in a 
phase-discriminator type of afc net
work. The positive voltage spikes in 
the differentiated waveform have no 
effect on the discriminator network. 
The negative-voltage spikes are com
pared with pulses fedback from the 
horizontal oscillator to derive the 
synchronizing voltage. The frequency 
of the horizontal oscillator and the 
repetition rate of the horizontal sync 
pulses should both be 15,750 Hz, the 
desired horizontal scanning rate for 
the picture tube. If the pulses from 
the oscillator are not coincident with 
the horizontal sync pulses, the phase 
discriminator develops an error volt
age at the control grid of the control 
tube. The control tube then varies 
the bias and, thus, the firing point of 
the oscillator until it is locked in 
phase with the horizontal sync 
pulses. 

The parallel LC network (L, 
and C,.) in the cathode circuit of the 
oscillator resonates at 15,750 Hz to 
provide frequency stabilization for 
the oscillator. The HOLD control 
R31 adusts the frequency of the oscil-
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HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

Circuit Description (Cont'd) 

lator to achieve an exact lock-in with 
the horizontal sync pulses. The out
put of the blocking oscillator is 
coupled through Cu and It. to the 
control grid of the 24JE6A power 
pentode used in the horizontal-out
put stage. This tube drives the high
voltage flyback transformer T. that 
develops the scanning voltage for 
the horizontal deflection coils (shown 
in circuit 29-35. 

The sudden cutoff of plate cur
rent in the horizontal output stage 
at the end of the trace period causes 
a very large, positive-going voltage 
pulse to' be generated across the 
high-voltage transformer T.. The 
3A3A half-wave rectifier circuit con
verts this pulse to a positive dc of 
21,500 volts which is applied to the 
second anode of the color picture 
tube. 

Regulation of the high voltage 
is achieved by use of a 17KV6A 
pulse-regulator stage connected in 
shunt with a section of the primary 
of the high-voltage flyback trans
former. The regulator stage acts as 
a variable load on the flyback pulse 
source and, in this way, maintains 
an essentially constant pulse ampli
tude in the primary winding of 
the high-voltage transformer with 
changing loads on the high-voltage 
supply. This action assures that a 
constant-amplitude, stepped-Up pulse 
is applied to the 3A3A rectifier. The 
rectifier output delivered to the pic
ture tube, therefore, is maintained 
at a constant value of 21,500 volts. 

Removal of negative overshoots 
that would be developed across the 
high-voltage transformer because of 
a flywheel effect is accomplished by 
the damper diode CR •. This diode is 
shaped like a fuse and snaps into 
clips that can be mounted on the 
same circuit board with the hori
zontal deflection circuits and is 
readily. replaced during servicing. 

The polarity of the damper diode is 
such that the positive pulse de
veloped across the high-voltage 
transformer causes no current flow 
through it. For negative pulses, how
ever, the damper diode provides a 
low impedance path for the current, 
and energy stored in the horizontal 
output transformer (and the hori
zontal deflection coils) is dissipated 
in the damper circuit. The rectified 
current through the damper diode 
develops the boosted B+ voltage of 
+700 volts across capacitor C~'1 in 
the damper anode circuit. 

The two auxiliary windings on 
the high-voltage transformer supply 
supplementary pulse voltages. The 
upper winding supplies gating pulses 
to the burst-gate and the color-killer 
amplifiers (shown in circuit 29-34). 
The convergence pulse is developed 
across the lower auxiliary winding. 
Keying pulses for the agc amplifier 
and the horizontal blanking diode 
are derived from the capacitor net
work (junction of C". and C'7) in the 
primary circuit of the high-voltage 
transformer. 

Transformer T. shown in the 
circuit diagram is the vertical output 
transformer. The drive signal from 
the vertical output stage (shown in 
circuit 29-32) is developed across the 
primary of this transformer and 
coupled by the secondary winding 
through jack J. to the vertical deflec
tion coils (shown in circuit 29-35). 
An auxiliary winding on transformer 
T 2 develops the keying pulse for the 
vertical blanking diode. The hori
zontal scanning signal from the high
voltage (horizontal-output) trans
former are also coupled through 
jack J. to the horizontal deflection 
coils. The horizontal and vertical 
signals to the convergence board are 
routed through jack J •. (Jacks J. and 
J2 mate with plugs P. and P" re
spectively, on circuit 29-35.) 
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See Note on page 726. 
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Parts List 

CHROMA CIRCUITS (Cont'd) 

C,=27 pF, ceramic, 500 V, 
NPO 

C2=68 pF, ceramic, 500 V, 
N750 

Cs, C., C., Cs, C., C22, C"3, 
C29 through C .. =0.01 pF, 
ceramic, 500 V 

C.=390 pF, ceramic. 500 V 
C.=0.047 p,F. Mylar. 

100 V 
CI0, 018=1000 pF, eel"amie, 

500 V 
Cll=Trimmer,2 to 10 pF. 

RCA Stock No. 116501 
or equiv. 

C12=220 pF, ceramic. 500 V 
C .. =10 pF, ceramic. 500 V. 

N150 
C", C,.=0.82 pF ±5%. 

headed lead. 500 V 
C15=820 pF. ceramic. 500 V 
C17=390 pF ±5%. Mylar. 

500 V 
C19, C26, 027=33 pF, ceramic, 

500 V, N150 
C21=10 pF ±5%. ceramic. 

500 V. NPO 
C",=0.027 pF. Mylar. 100 V 
C25=430 pF ±5%. mica. 

500 V 
C .. =150 pF, ceramic. 500 V 
C .. =1.2 pF. ceramic. 500 V 
CRt. CR •• CR •• CR.=Silicon 

diode. RCA Stock No. 
119596 or equiv. 

CR2=Diode, pulse clippeJ', 
RCA Stock No. 113998 

CR3=Diode. type 1N60 
L,=Variable inductor, 

Circuit Description 

chroma-takeoff coil. RCA 
Stock No. 120797 or equiv. 

L.=Variable inductor. os
cillator strength adjust
ment. RCA Stock No. 
120798 or equiv. 

L,,=Phase-shift coil, 3.9 
p,H, part of quadrature 
assembly (RCA Stock No. 
120830 or equiv.) with R..~ 

LI=RF coil. 3.9 p,H, RCA . 
Stock No. 116510 or equiv. 

L •• Lo=RF choke. 620 p,H, 
RCA Stock No. 109257 
or equiv. 

R,=3.9 megohms. 0.5 watt 
R.=0.15 megohm. 0.5 watt 
R •• R., R7=47000 ohms. 

0.5 watt 
R.=82000 ohms. 0.5 watt 
Ra, RI0=10 megohms, 

0.5 watt 
Rs=Potentiometer. color

killer adjustment, 1 meg
ohm. 0.5 watt. RCA 
Stock No. 120805 or equiv. 

R.=82 ohms, 0.5 watt 
Rll=2.7 megohms. 0.5 watt 
R12=2.2 megohms, 0.5 watt 
R,,,=3900 ohms. 0.5 watt 
RH. R,,=390 ohms. 0.5 watt 
R,.=82000 ohms. 0.5 watt 
R17=47000 ohms. 1 watt 
R,.=560 ohms. 0.5 watt 
R,o=1500 ohms. 0.5 watt 
R!.'O=Potentiometer, tint 

control. 10000 ohms. 
0.5 watt. RCA Stock No. 
120774 or equiv. 

R.,=6800 ohms. 1 watt 
R""=120 ohms ±5%, 1 watt. 

part of quadrature assem
bly with La 

R.", R:ro=470 ohms. 0.5 watt 
R21=1500 ohms. 0.5 watt 
R:!;)=Potentiometer, color 

control. 500 ohms. 0.5 
watt. RCA Stock No. 
120776 or equiv. 

R''7=O.l megohm. 0.5 watt 
R2S, Rao=6800 ohms ±5%, 

fixed film, 0.5 watt 
R",,=4700 ohms ±5%. 

1 watt 
R:",=0.22 megohm. 0.5 watt 
R:a=8200 ohms. 0.5 watt 
Ra.=68000 ohms, 0.5 watt 
R:J:J=8200 ohms ±5%, fixed 

film. 0.5 watt 
R.I. Roo. R37=l megohm. 

0.5 watt 
R: ... R.o=0.18 megohm. 

0.5 watt 
R".=0.33 megohm. 0.5 watt 
RIl. R.I". R ... =39000 ohms 

±50/0. 1 watt 
R",=0.56 megohm. 0.5 watt 
R.'5. R.16. R4'1=2.2 megohms. 

0.5 watt 
R..=0.39 megohm. 0.5 watt 
RIO, Roo. R.,=1000 ohms. 

0.5 watt 
T,=Burst transformer. RCA 

Stock No. 120816 or equiv. 
T.=3.58-MHz oscillator 

transformer. RCA Stock 
No. 120815 or equiv. 

YJ=3.58-MHz oscillator 
erystal 

These circuits extract the COIOI' 

information from the 3.58-MHz 
chrominance sidebands included in 
the composite color video signal. The 
color information is included in the 
chrominance sidebands in the form 
of two difference-frequency com
ponents that have a phase difference 
of 90 degrees and that are derived 
in the color television transmitter by 
subtraction of the luminance (Y) 
signal from the red (R) and blue 
(B) color signals. [The green color
difference (G - Y) components are 
not transmitted, but instead, are de
rived in the color receiver by addi
tion of complements (negative 
values) of the R - Y and B - Y 
signals.] To accomplish the demodu
lation function, the chroma circuits 
are required to develop two con
tinuous-wave 3.58-MHz signals that 
have a phase difference of 90 de
grees, each of which much be added 

vectorially to the chrominance side
bands. In other words, the 3.58MHz 
color subcarrier suppressed during 
transmission must be reinserted by 
the chroma circuits before the R - Y 
and B - Y color-difference informa
tion contained in the chrominance 
sidebands can be detected. 

The chroma circuits operate 
from the color receiver low-voltage 
(280-volt) power supply. Five 
5GH8A triode-pentodes fulfill the 
electron-tube requirements for the 
ten chroma stages. The heaters of 
these tubes are connected in series 
with those of other tubes in the 
receiver; operating power for the 
series-heater string is obtained di
rectly from the 117-volt ac power 
line. 

The input to the chroma circuits 
is the composite video signal after 
it has been amplified by the first 
video amplifier and the sync-agc-
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and-chroma driver (shown on circuits 
29-32 and 29-33, respectively). -'in 
addition to the chrominance side
bands, this composite signal includes 
the luminance signal (equivalent to 
the monochrome picture signal in 
black-and-white transmissions), the 
conventional horizontal and vertical 
sync pulses, and the color burst syn
chronizing signal. The color "burst" 
is a 3.58 MHz reference signal of ap
proximately 8 cycles that occurs dur
ing the horizontal retrace blanking 
interval immediately following the 
horizontal sync pulse (refer to Fig. 
96, page 73). 

The chroma input is applied 
simultaneously to the chroma band
pass and burst amplifiers. When no 
burst signal is included in the chroma 
input (i.e., for black-and-white 
transmissions), the color-killer stage 
develops, by means of the current 
through diode CR" a negative dc 
voltage across capacitor C, that 
biases the chroma bandpass amplifier 
beyond cutoff; as a result the chroma 
input is not applied to the color 
demodulators. 

The operation of the burst 
amplifier is controlled by a gating 
signal (burst-gate and killer pulse) 
from an auxiliary winding on the 
horizontal-output transformer (T, in 
circuit 29-33). This gating pulse is 
generated at the same time and has 
the same time duration as the hori
zontal blanking pulse used to blank 
out the horizontal retrace on the 
color picture tube. This interval cor
responds to the period of the hori
zontal sync pulse and the 3.58MHz 
burst synchronizing signal that im
mediately follows the sync pulse. The 
burst amplifier, therefore, only 
amplifies this portion of the chroma 
input. The primary of transformer 
T, in the plate circuit of the burst 
amplifier, however, is tuned to 3.58 
MHz so that only the 3.58-MHz burst 
signal is coupled from the plate of 
the burst amplifier. 

The separated burst is coupled 
by transformer T, to the control
grid circuit of a 3.58-MHz injection
locked oscillator circuit. The oscil
lator, therefore, is forced to operate 
in step (with respect to both fre
quency and phase) with the incom
ing burst signal. The 3.58-MHz 
crystal Yl is used to assure excellent 
frequency stability in the oscillator 
circuit. The oscillator develops the 
continuous-wave 3.58-MHz reference 
signal applied to the control grids 
of the Z and X demodulators. The 
quadrature network (La and R,a) 
causes a 90-degree phase shift in the 
3.58-MHz signal applied to the con
trol grid of the X demodulator. The 
3.58-MHz chrominance sidebands 
must also be applied to the X and Z 
demodulators before these stages 
can derive the color difference 
signals. These sideband signals are 
obtained from the chroma bandpass 
amplifier. 

The dc bias voltage developed in 
the grid circuit of the oscillator 
stage is used to control color-killer 
action and to derive an agc voltage 
for the chroma bandpass amplifier. 
The cathode-to-grid section of the os
cillator triode, diode CRa, and as
sociated components from a two
diode voltage-doubler circuit. Any dc 
voltage developed in the oscillator 
grid circuit is approximately doubled 
at the voltage-doubler output (anode 
circuit of diode CR,). When no color 
signal is received (i.e., no burst sig
nal applied to the oscillator), the dc 
voltage at the grid of the oscillator 
is approximately -5 volts. The -10 
volts developed across C'" and R ... in 
the anode circuit of voltage-doubler 
diode CR, is reduced to approxi
mately -1.4 volts at the control 
grid of the color-killer stage. For 
this low level of bias, the color killer 
stage conducts and develops a cutoff 
bias for the chroma bandpass 
amplifier. 

When color signals are being 
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received, the burst signals applied to 
the oscillator causes the oscillator 
grid bias voltage to increase to ap
proximately -8 volts, depending on 
the amplitude of the burst signal. 
'The dc voltage at the anode of the 
voltage-doubler diode then rises to 
approximately -16 volts, and the 
bias on the color-killer stage is in
creased to about -4 volts. For this 
bias level, no current flows through 
the color-killer stage, and the cut
off bias for the chroma bandpass 
amplifier provided b the color-killer 
stage is removed. The grid bias for 
the bandpass amplifier is then de
rived from the dc voltage at the grid 
of the 3.58-MHz oscillator. Because 
this voltage varies with the ampli
tude of the burst signal, it provides 
automatic-gain control for the band
pass amplifier. 

With the removal of the cutoff 
bias provided by the color killer, the 
bandpass amplifier is allowed to am
plify and and pass the 3.58-MHz 
chrominance sidebands contained in 
the chroma input (video signal). The 
single-tuned transformer T2 in the 
plate circuit of the bandpass ampli
fier forms a selective load to the 
3.58-MHz chrominance sidebands. 
The output of the bandpass ampli
fier, therefore, is a 3.58-MHz signal 
that contains the R- Y and B - Y 
color-difference information. The in
stantaneous phase difference of the 
3.58-MHz color-difference compo
nents with respect to the burst 
synchronizing signal defines the 
color information being transmitted, 
as indicated by the chart on page 73 
in the section Electron Tube Appli
cations. 

The 3.58-MHz color-difference 
signals from the bandpass amplifier 
are coupled by transformer T. to 
the screen grids of the X and Z 
color demodulators where they are 
mixe'!. with the continuous-wave 3.58-
MHz signal from the oscillator. The 

~':OloT demodulators are essentially 

synchronous detectors. These types 
of detectors are phase sensitive, and 
their output is determined not only 
by the amplitudes of the two input 
signals, but also by the phase re
lationship of these inputs. If the 
amplitudes of the chrominance and 
continuous wave inputs to the de
modulators are considered to be con
stant, the input of the demodulators 
is affected by the phase relationship 
of the two input signals as follows: 
When the chrominance and the con
tinuous signals are in phase, the 
output of the demodulators is maxi
mum in the negative direction. When 
the two signals are 180 degrees out 
of phase, the output is maximum in 
the positive direction. A phase differ
ence of 90 or 270 degrees results in 
a zero output from the demodulators. 

The X and Z color demodulators 
are biased so that the plate current 
of each demodulator tube is small 
during the zero-signal condition. The 
continuous-wave signal applied to 
the control grid gates the tube into 
conduction for the full positive half 
cycle. During most of the negative 
half cycle, the tube is cut off. With 
no chrominance signal applied to the 
screen grid, the plate current of the 
demodulator tube consists essentially 
of 3.58-MHz pulses. A low-pass filter 
in the plate circuit of the demodu
lator removes the 3.58-MHz compo
nent so that the dc plate voltage 
decreases below the level obtained 
when there is no input to either the 
control or screen grid. The dc level 
obtained when only the continuous
wave reference signal is applied rep
resents the zero output of the color 
demodulators; only changes in the 
average plate voltage above and be
low this level will be passed by the 
output coupling capacitor to the suc
ceeding stages. 

When the chrominance signal 
applied to the screen grid is in phase 
with the continuous-wave reference 
signal applied to the control grid, 
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the demodulator tube conducts more 
heavily during the periods that the 
reference signal permits conduction. 
The plate voltage of the demodulator 
then decreases below the zero level, 
and the output coupling capacitor 
couples the negative change to the 
next stage. Conversely, if the two 
signals are 180 degrees out of phase, 
the average plate current decreases. 
The attendant rise in average plate 
voltage causes a positive change to 
be coupled to the next stage. For 
90- or 270-degree phase differences, 
the two signals tend to add together 
at certain times and to cancel each 
other times so that the average plate 
current is essentially unchanged. 

In the development of the color
difference signals at the transmitter, 
the phase of the R - Y signal is 
shifted 90 degrees with respect to 
the burst reference signal and the 
B - Y signal is in phase with the 
reference signal. The B - Y compo
nent of the chrominance sidebands, 
therefore, is in phase with the refer
ence signal applied to the Z demod
ulator, and the R - Y component is 
in phase with the phase-shifted refer
ence signal applied to the X demod
ulator. The output of the Z demod
ulator then is the detected G - Y 
signal, and the output of the X de
modulator is the detected R - Y 
signal. These signals are coupled to 
the B Y and R - Y difference-

signal amplifiers, respectively. 
If strict consideration is given 

to sigilal phase relationships, the 
outputs of the X and Z demodulators 
are - (R - Y) and - (B - Y) 
signals. The positive versions of 
these color-diffrence signals results 
from the inversions provided by the 
R - Y and B - Y color-difference 
amplifiers. The G - Y color-differ
ence signal is synthesized by addi
tion of portions of the R - Y and 
B - Y signals from the plates of the 
R - Y and B - Y difference ampli
fiers in the resistor matrix network 
at the input to the G - Y color
difference amplifier. The vector sum 
of these quantities results in a 
-(G - Y) signal. This signal is 
amplified and inverted by the G - Y 
amplifier to obtain the G - Y 
signal. 

The color difference amplifiers 
all operate in the grounded-cathode 
mode with the grid bias taken from 
the blanker circuit, and only capaci
tance coupling is used from the out
puts of these amplifiers to the picture 
tube. The dc reference level for the 
three color grids of the picture tube 
are established by a clamp diode 
circuit in the output of each differ
ence amplifier. The outputs of the 
R - Y, G - Y, and B - Y color
difference amplifier are coupled to 
the red, green, and blue grids, re
spectively, of the color picture tube. 

29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS 
For Color Television Receiver 

Circuit Description 

These circuits include the picture 
tube and associated input-coupling 
and biasing networks, the converg
enceboard, and the horizontal and 
vertical deflection coils for a color 
television receiver. The dc operating 
potentials for the picture tube are 
derived from the receiver low-volt
age (280-volt) power supply, the B 
Boost (700-volt) voltage developed 
by the horizontal-output circuit, and 

the high-voltage (21,500-volt) recti
fier circuit. The 6.3 volt heater power 
for the picture tube is obtained from 
a transformer (T, in circuit 29-29) 
connected across the 117 -volt ac 
power line. 

The 15LP22 color picture tube 
has a number of unique features. 
The phosphor-dot screen uses a rare
earth, red-emitting phosphor and 
improved blue and green phosphors. 
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Parts List 
C,=O.1 JLF. Mylar. 400 V 
C=47 pF. ceramic. 500 V. 

N750 
C., C •• Co=1000 pF. 

ceramic. 600 V 
C., C.=0.16 JLF. Mylar, 

76 V (part of con vergence
board assembly) 

C.=0.082 JLF. Mylar, 100 V 
(part of convergence
board assembly) 

C.=0.27 JLF, Mylar, 75 V 
(part of convergence
board assembly) 

C1O=180 pF, 260 V. part 
of deflection-yoke assembly 

Cu=3900 pF, part of de
flection-yoke assembly 

CllI=82 pF. 3000 V. part of 
deflection-yoke assembly 

CR1, CRo, CRa, CR.=Se
lenium rectifier assembly, 
RCA Stock No. 120058 
or equiv. 

Convergence board=RCA 
Stock No. 120052 or equiv. 

Deflection yoke=RCA Stock 
No. 120890 or equiv. 

L,=820 JLH. part of net
work assembly (RCA 
Stock No. 120796 or equiv.) 
with Rl 

(Lst-L., La-L.) (Lr--L •• 
Lst-LlO) (L.a-L.., L.a
LlO)=Convergence-coi! 
assembly. RCA Stock No. 
121343 or equiv., part of 
convergence-board 
assembly 

L.=Variable inductor, right 
red-green vertical lines 
adjustment, RCA Stock 
No. 120069 or equiv., part 
of convergence-board 
assembly 

L.l=Variable inductor, right 
red/green vertical lines 
adjustment, RCA Stock 
No. 121443 or equiv., part 
of convergence-board 
assembly 

L..=Variable inductor, right 
blue horizontal lines ad
justment. RCA Stock No. 
120060 or equiv., part of 
convergence-board 
assembly 

L17=120 JLH, RCA Stock No. 
118245 or equiv., part of 
convergence-board 
assembly 

L.., Loo=Vertical-deflection 
coils, part of deflection
yoke assembly 

L,., Ln=Horizontal-deflec
tion coils, part of deflec
tion-yoke assembly 

P,=Connector for conver-

Circuit Description (Cont'd) 

gence board, 8-pin male 
type, RCA Stock No. 
112728 or equiv. (mates 
with J, on circuit 26-34) 

P2=Connector for yoke as
sembly, 8-pin male type. 
RCA Stock No. 114767 
or equiv. (mates with J. 
on circuit 26-34) 

Rl=4700 ohms, 0.5 watt, 
part of network assem
bly with Ll 

R2=0.18 megohm, 0.5 watt 
R.=0.15 megohm, 0.5 watt 
R.=Potentiometer. video 

peak adjustment. 0.1 meg
ohm, 0.5 watt, part of 
assembly with R. and Ra 
(RCA Stock No. 120811 
or equiv.) 

Rs=5600 ohms, 0.6 watt 
&=12000 ohms, 0.5 watt 
R.=Potentiometer, red drive 

adjustment, 6000 ohms, 
0.5 watt, part of assem
bly with & and Ra (RCA 
Stock No. 120811 or equiv.) 

Rs=Potentiometer, green 
drive adjustment, 6000 
ohms, 0.5 watt, part of 
assembly with R. and R. 
(RCA Stock No. 120811 
or equiv.) 

R.=33000 ohms ±5%, 
0.5 watt 

RIO, Ru, R12==Three-section 
potentiometer: screen-grid 
adjustments for blue, 
green, and red electron 
guns, respectively; each 
section: 1.5 megohms, 
0.5 watt; RCA Stock No. 
120812 or equiv. 

R13=47000 ohms, 0.5 watt 
R14=1000 ohms, 0.5 watt 
Rl.=Potentiometer, top 

red/green horizontal lines 
adjustment, 120 ohms, 
0.5 watt, RCA Stock No. 
106320 or equiv. (part of 
convergence-board 
assembly) 

R,.=Potentiometer, bottom 
red/green horizon tal lines 
adjustment, 350 ohms, 
0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

Rl.=Potentiometer, bottom 
red/green vertical lines 
adjustment, 60 ohms, 
0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

R18=Potentiometer, bottom 
blue horizontal lines ad-

justment, 60 ohms, 
0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

RlO, &=100 ohms, 1 watt, 
part of convergence-board 
assembly 

R..,=Potentiometer, left 
red/green horizontal lines 
adjustment, 100 ohms, 
0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

R21=Potentiometer, left 
red/green vertical lines 
adjustment, 100 ohms, 
0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

Ro.=270 ohms, 0.5 watt 
(part of convergence
board assembly) 

R •• =180 ohms, 1 watt (part 
of convergence-board 
assembly) 

&.=270 ohms, 1 watt (part 
of convergence-board 
assembly) 

b=Potentiometer, left blue 
adjustment, 60 ohm., 3 
watts, RCA Stock No. 
114627 or equiv. (part of 
convergence-board 
assembly) 

&7=Potentiometer, top 
red/green vertical lines 
adjustment, 350 ohms, 
0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

R .. =Potentiometer, top blue 
horizontal lines adjust
ment, 350 ohms, 0.5 watt, 
RCA Stock No. 116635 or 
equiv. (part of con
vergence-board assembly) 

R..=82 ohms, 0.5 watt 
(part of convergence
board assembly) 

R30=4700 ohms, 2 watts 
(part of deflection-yoke 
assembly) 

R31, R •• =220 ohms, 0.5 watt 
S=Service switch, RCA 

Stock No. 120838 or equiv. 
Sa. through SG.=Capacitor, 

spark-gap, 0.5 pF, 1000 
V, RCA Stock No. 120819 
or equiv~ 

TH1=Thermistor; cold re
sistance, 1.3 ohms; RCA 
Stock No. 120891 

See Note on pap 726. 

The new phosphors are more efficient 
and are capable of producing 38 per 
cent brighter highlights than pre
vious color picture tubes, The di
rectly viewed shadow-mask picture 

tube incorporates a 
nearly straight sides 
rounded corners. 

screen with 
and sharply 

The 15LP22 is designed for op
eration with the blue gun down. The 
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anode bulb contact for high voltage 
connection is still located in the top 
section of the tube. Operation in the 
blue-down orientation, with respect 
to the viewing screen, provides op
timum compromise of pincushion dis
tortion at the top and bottom of the 
screen. The tube is equipped with an 
integral filter glass protective win
dow, sealed to the base plate of the 
tube with a clear resin. An external 
magnetic shield is not required on 
the 15LP22. Another main feature 
of the color picture tube is an 
einzel-Iens focus system. This sys
tem is relatively insensitive to varia
tions of the high voltage so that the 
tube maintains good focus even with 
variations in picture brightness. 

The focus system for the color 
picture tube is very similar to that 
used in instruments equipped with 
a black-and-white picture tube. Nor
mally, the 15LP22 will have opti
mum focus when connected to 
ground potential. However, provi
sions to change the focus potential 
are facilitated by a pin connector 
from pin 9 of the picture tube. The 
focus selected jumper can be con
nected to 620 volts, 320 volts, or 
ground merely by relocating the 
slip-on connector to the proper stake 
extending from the circuit board. 

A three-position service switch 
S1 is incorporated into the picture
tube circuitry to facilitate receiver 
setup and adjustment. The NORMAL 
position of the switch, of course, per
mits normal receiver operation. With 
the switch in the SETUP or RAS
TER position, the video input is 
disconnected from the picture tube, 
and the ground return for the agc 
circuit is opened. Raster height and 
width and color and background 
levels can then be more easily ad
justed. 

The output ·of the color differ
ence amplifiers are applied to the re
s pective grids of the tricolor picture 
tube. The luminance signal from the 

second video amplifier is applied to 
the three cathodes of the color pic
ture tube. These signals combine to 
intensity modulate the three electron 
beams to produce the color image on 
the picture-tube screen. 

The horizontal and vertical de
flection coils in a yoke on the neck 
of the picture tube deflect the elec
tron beams, in response to signals 
received from the horizontal and 
vertical output stages, to produce 
the horizontal and vertical scanning 
required to trace the image on the 
picture-tube screen. (These coils are 
connected in shunt with the respec
tive horizontal and vertical output 
transformer.) 

The horizontal output circuit 
provides a sawtooth current wave
form at a frequecy of 15,750 Hz to 
the horizontal-deflection coils, and 
the vertical output circuit provides a 
60-Hz sawtooth current wave to the 
vertical-deflection coils. The picture 
tube electron beams are simultane
ously deflected horizontally across 
the screen at a rate of 15,750 Hz and 
vertically at a rate of 60 Hz. 

At the completion of each hori
zontal trace (end of rising portion 
of sawtooth current wave), the beam 
is deflected back to the left side of 
the screen (retrace) to start another 
trace period. A positive blanking 
pulse (included in the video signal) 
applied to the cathodes of the pic
ture tubes cuts off the picture tube 
during this period so that the re
trace lines do not appear on the tube 
screen. The picture tube is similarly 
blanked at the end of each vertical
trace period. 

Correct color reproduction re
quires that the three beams of the 
color picture tubes meet, or con
verge, at the shadow mask and ex
cite color dots of the same trios. The 
three electron guns of the color pic
ture tube are mechanically tilted 
toward the center axis of the tube 
so that virtual convergence is ob-
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tained with no external converging 
force applied. Slight bending of one 
or more of the beams may be re
quired for exact convergence. The 
convergence circuit performs this 
function. 

The components on the converg
ence board shown in the circuit dia
gram are mounted on a disk-shaped 
circuit board with a center hole that 
permits it to be fitted directly on 
the neck of the color picture tube. 
These components are interconnected 
in a dynamic type of convergence 
system. In this system, sine wave 
currents are used to provide hori
zontal convergence, and parabolic 
current waves are used to provide 
vertical convergence. 

The sine waves of current used 
to provide horizontal convergence 
are derived from a voltage pulse de
veloped across an auxiliary winding 
of the high-voltage transformer 
(T, in circuit 29-33) and applied 
through pin 8 of the convergence
board input connector P,. The cur
rent through each of the three sets 
of horizontal convergence coils (L, 
and L" L, and L lO, and L,a and L,.) 
is individually adjustable in both 
amplitude and phase. The phase of 
the convergence current is adjusted 
b the Horizontal Shape control L", 
which resonates with the two 0.15-
microfarad capacitors Co and C7 at 
the line frequency (15,750 Hz). The 
sine-wave convergence current is 
produced by ringing this resonant 

circuit with the pulse obtained from 
the high-voltage transformer. Po 
tentiometers R'5, RlO , R,B, R,o, and 
Res adjust the amplitude of the sine
wave convergence current. 

Vertical-frequency (60-Hz) saw
tooth voltages obtained from sec
ondary windings of the vertical· 
output transformer (T2 in circuit 
29-33), applied through pins 4 and 
5 and pins 6 and 7 of connector P" 
are used to derive the vertical con
vergence-current waveform. Because 
of the integrating action of the con
vergence coils, this sawtooth voltage 
results in a parabolic current wave 
through the convergence coils. Po
tentiometer R21 adjusts the amplitude 
of the vertical voltage parabola ap
plied to the three sets of vertical 
convergence coils (La and L5, L7 and 
Ln, and L" and L,,). 

A vertical-frequency sawtooth 
voltage from a secondary winding 
of the vertical-output transformer, is 
applied across potentiometer R17• The 
sawtooth voltage is obtained from 
center tapped transformers; the 
voltage at the center of potentiom
eter R'7 therefore, is approximately 
zero with respect to circuit ground. 
Adjustment of this potentiometer 
mixes either positive or negative 
sawtooth voltages with the para
bolic convergence voltage and, in 
this way, controls the shape of the 
convergence signal applied to the 
convergence coils. 
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Convergence, and AFPC. 

• Prices are net and are subject to change without notice at our discretion. 



756 RCA RECEIVING TUBE MANUAL 

Solid State Servicing TSG-1673A $3.95* 

Practical bench-oriented service manual covering 
the application and servicing of solid-state devices 
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