APPENDIX

FUNDAMENTAL PROPERTIES
OF VACUUM TUBES

The major dynamic operating characteristics of a vacuum tube can be
expressed in terms of the amplification factor (i), the dynamic plate
resistance {rp) and the transconductance (gm). When they are known,
quantitative calculations may be made of tube performance under
many conditions,

These properties are interrelated as follows:

H=Tp gm

The amplification factor is defined as the ratio of a small change
in plate voltage to a corresponding change in grid voltage necessary
to keep the plate current constant.

Then: AE, = u AEg

The dynamic plate resistance {r,} may be defined as the ratio of a
small change in plate voltage o a corresponding small change in
plate current produced, with grid voltage remaining constant. It rep-
resents the resistance between cathode and plate to alternating
current.

The transconductance (gw) is the ratio of a change in plate current
with respect to a change in grid voltage when the other voltages
remain constant. The unit of transconductance is the mho (ohm spelled
backward), but as this is a large unit for application to vacuum tubes,
the one miilionth part of a mho, or umho, is generally used.

Direct Interelectrode Capacitances are measured in vacuum tubes
rather than total capacitances which are the sum of two or more direct
capacitances, so that their effect on circuit operation may be estimated.

It is standard practice to connect all metal parts except input and
output electrodes to the cathode unless otherwise specified. These
parts include external and internal shields, base sleeves, unused pins,
etc., but do not include inactive section(s) of multiplex tubes—these
are connected to ground.

TABLE OF CONNECTIONS OF ELECTRODES OF TUBE
SECTIONS FOR MEASURING DIRECT INTER-
ELECTRODE CAPACITANCES

Capacitance Measure Between Ground

INDIRECTLY HEATED CATHODE TYPES
Heater and Cathode

Heater-Cathode All other electrodes

DIODE TYPES

-+ screen 4 shields, etc.)

Input Plate and (cathode + fil. Other Sections
+ shields, etc.)
TRIODE, TETRODE PENTODE TYPES
Grid-Pjate Grid and plate (Cgp) All other electrodes
Input Grid and (cathode + fil. Plates, diodes, inactive
+ screen -+ shields, etc.) section
Output Plate and (cathode + fil. Grid, diode, inactive

section (s)

Input (Grounded Grid)
((Receiving Tubes ONLY)

Cathode and (grid -+ fil.
-+ screen -+ shields, etc.)

Plate, diodes inactive
section (s)

Output (Grounded Grid)
(Receiving Tubes ONLY)

Plate and (Grid -+ fil. +
screen + shields, etc.)

Cathode, diode inac-
tive section (s)
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TABLE OF CONNECTIONS OF ELECTRODES OF TUBE
SECTIONS FOR MEASURING DIRECT INTER-
ELECTRODE CAPACITANCES

Capacitance Measure Between 1 Ground
CONVERTER TYPES

R F Input Signal grid and all other
electrodes

Mixer Output Mixer plate and all other
electrodes

[Osc. tnput Osc. grid and (Cathode + Osc. plate - other
fil. + shields, ete.) section (s)

Osc. Output Osc. plate and (cathode - Osc. grid and other
fil. -+ shislds, etc.) saction (s)

Useful References

IRE 7. S1Standards on Electron Tubes:
Definition of Terms, 1950
ASA C60.6-1952 and RETMA ET-109A Direct Interelectrode Ca-

pacitance, Measurement of
ASA C60.5-1952 and IRE7. 52 Electron Tubes, Methods of Testing

VACUUM TUBE RATINGS

At the present time, there are two general types of ratings used
in the field of receiving type vacuum tubes. These ratings are normally
referred to as Design Center and Absolute Maximum ratings. Com-
mercial receiving types normally carry a Design Center rating, while
government and some special purpose types may carry an Absolute
Maximum rating.

A rating is a statement giving the limiting value of a tube parameter
beyond which the performance and/or life of a tube will be deleteri-
ously affected; or it is a statement giving the value of a tube para-
meter under certain operating conditions.

In the Design Center system, the maximum rating is based on the
performance of a homogeneous lot (at center supply voltage) of tubes
operating so that a tube having centered characteristics will be run
at the rated maximum. This, of course, means that some tubes will be
operating under the rating while others will be operating above the
rating. The data substantiating the rating must, of course, include all
tubes from the minimum to the maximum. Providing the circuit para-
meters are so adjusted as to assure that the average tube does not
exceed the allowable maximum under nominal line conditions, satis-
factory tube life may, in general, be expected. For more detailed
information, see RETMA Engineering Standard M8-210.

The Absolute Maximum system makes no allowance for the nor-
mal spread of tube characteristics and merely states that under no
circumstances should any tube exceed the rating. This puts the burden
of proof on the circuit designer to make certain that the maximum is
not exceeded for any tube under any circumstance.

Vacuum tube specifications set forth the allowable characteristic
spreads and inspection instructions, of which the best known are the
military services' MIL-E-IB specifications for JAN tubes. The most de-
sirable situation would be one where each tube was tested in all appli-
cations and accepted or rejected upon its operational function. As this
is impossible, the tube is tested to a specification which, to the speci-
fication engineer's best knowledge, will assure satisfactory perform-
ance in the majority of applications and is still realistic from a tube
production standpoint.

Useful References
RETMA Engineering Standard M8-210,
RETMA Engineering Standard ET-107:
Test Methods and Procedures for Radio Receiving Tubes
IRE 7. 52 Standards on Electron Tubes:
Methods of Testing, 1950.
MIL-E-IB Specifications—Basic Section,
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VACUUM TUBE RATINGS FOR TELEVISION
APPLICATIONS

Television receiver sweep circuits require classes of tube operation
and ratings uncommon to other applications. These ratings and their
relationship to the ratings established for Class A operation are
outlined below.

I. HORIZONTAL DEFLECTION AMPLIFIERS
(a) Maximum D C Plate Voltage. This rating is generally ex-

pressed as the sum of the d ¢ power supply voltage and boost
voltage.

{b) Maximum Peak Positive Puise Plate Voltage. This rating is

(c)

based on actual voltage breakdown considerations at the
frequency, duty cycle and supply impedances of the horizontal
amplifier stage. This value is expressed as an absolute maximum.

Maximum Peak Negative Pulse Plate Voltage. This rating
is intended to protect the tube from failure caused by plate
emission at the time the plate swings negative with respect
to cathode.

{d) Maximum Peak Negative Grid No. 1 Voltage. The peak

(e

—

{f)

negative grid No. 1 voltage rating is based upon grid to cath-
ode leakage considerations and application requirements.

Maximum Plate Dissipation. The maximum plate dissipation
rating is determined on the same basis used for establishing the
plate dissipation rating for Class A service. The measurement of
plate dissipation when the tube is used as a horizontal deflec-
tion amplifier is difficult. Comparison methods are considered
acceptable. Comparison methods are defined as those in which
the temperature of the plate or a factor which is a function of
the temperature of the plate is first measured operationally.
The plate dissipation is then determined by the static power
input to the plate necessary to duplicate temperature, or other
factors so measured holding other elements and ambient tem-
perature at the operational value.

Maximum Average Cathode Current. This rating is based on
the same considerations as those used in establishing the maxi-
mum average cathode current for Class A service.

(g) Maximum Peak Cathode Current. This rating is a multiple of

(h

=

the average cathode current rating, based on application re-
quirements, with due consideration given to cathode capabilities
at the typical duty cycle and the repetition rate encountered
in this service.

Maximum Grid No. 1 Circuit Resistance. The value of Grid
No. 1 circuit resistance is based upon the requirements of the
application and limitations of the tube with respect to gas and
grid emission.

Il. VERTICAL DEFLECTION AMPLIFIERS

(o) Maximum D C Plate Voltage. The maximum d ¢ plate voltage

rating is determined on the same basis as used for establishing
the maximum d ¢ plate voltage rating for Class A service.

(b} Maximum Peak Positive Pulse Plate Voltage. This rating is
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{c)

{d)

(e}

{f)

based on actual voltage breakdown, considerations at the
typical duty cycle and supply impedances of the vertical ampli-
fier stage. This rating is expressed as an absolute maximum.

Maximum Peak Negative Pulse Grid No. 1 Voltage. This
rating is based upon grid-cathode leakage and application
requirements,

Maximum Plate Dissipation. This rating is determined on the
same basis as used for establishing plate dissipation ratings
for Class A service as defined under He).

Maximum Average Cathode Current. This rating is based on
the same considerations as those used in establishing the maxi-
mum average cathode current for Class A service.

Maximum Peak Cathode Current. This rating is based on ap-
plication requirements with due consideration being given to
the limitations of the cathode at the duty cycle and repetition
rate encountered in this service.

{g) Maximum Grid No. 1 Circuit Resistance. The maximum grid

No. 1 circuit resistance rating is based on the requirements of
the application and the limitations of the tube with respect to
gas and grid emission.

lll. HORIZONTAL AND VERTICAL DEFLECTION
OSCILLATORS

{a)

{b)

(c}

(d

—

(e

Maximum D C Plate Voltage. The maximum d c plate voltage
rating is determined on the same basis as used for establishing
the maximum d ¢ plate voltage rating for Class A service.

Maximum Plate Dissipation. This rating is determined on
the same basis as used for establishing plate dissipation ratings
for Class A service as defined under I{e).

Maximum Average Cathode Current. This rating is based on
the same considerations as those used in establishing the maxi-
mum average cathode current for Class A service.

Maximum Peak Cathode Current. This rating is a multiple of
the average cathode current rating based on application re-
quirements with due consideration given to cathode capabilities
at the typical duty cycle and repetition rate encountered in
this service.

Maximum Grid No. 1 Circuit Resistance. The value of Grid
No. 1 circuit resistance is based upon the requirements of the
application and limitations of the tube with respect to gas and
grid emission.

1IV. DAMPERS

(a)

(b)

Maximum Peak Inverse Plate Voltage Rating. This rating is
based on actual voltage breakdown at the typical duty cycle
frequency and supply impedances encountered in the horizon-
tal deflection circuit. This rating is shown as an absolute max-
imum value.

Maximum Heater Cathode Voltage. When the heater is oper-
ated negative with respect to cathode, most damping dicdes
are capable of withstanding high voltages between the heater
and cathode. The values shown for heater negative with re-
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spect to cathode include the d ¢, and total d ¢ and peak values
based on actual breakdown considerations.

For heater positive with respect to cathode the permissible
heater-cathode voltage is comparative in magnitude to that of
other types.

{c) Maximum D C Plate Current. This rating is based on capabil-
ities of the cathode.

{d) Maximum Peak Plate Current. This rating is based on cath-
ode capabilities for this service.

Maximum Plate Dissipation Rating The maximum plate dis-
sipation rating is based on the physical limitations of the tube
and is determined in application by comparison methods as
outlined in i{e).

(e

NOTE: Power rectifier ratings are not incuded for damping
diodes. The high plate supply impedance required to limit
steady state peak plate current and the plate dissipation to
rated values makes such usage impractical.

RECEIVING TUBE SCREEN VOLTAGE RATINGS*

The voltage for the screen of a tube may be obtained from either
a fixed source or through a screen dropping resistor. A voltage source
is considered “fixed"” if the regulation is such that no significant change
in voltage takes place with variations in current.

The tube data sheets may show a maximum screen voltage, or a
maximum screen supply voltage. When a maximum screen voltage is
shown, the voltage measured at the screen terminal should not exceed
such value under any circvit operating condition. When a maximum
screen supply voltage is shown the screen voltage may be permitted
to reach the rated supply voltage provided that the screen dissipa-
tion (screen current in amperes multiplied by the voltage appearing
directly at the screen terminal) is held within certain specified values
as indicated in Chart A,
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The chart represents the maximum permissible screen dissipation
{as a percent of the maximum screen dissipation rating) at any screen
voltage operating point. The chart shows that full rated screen dissi-
pation is permissible up to 50% of the maximum rated screen supply
voltage. From the 509 point to the full value of rated supply voltage
the decrease in the aliowable screen dissipation follows a curve of the
parabolic form. The chart is of universal use for cases where either a
fixed screen voltage or a series screen dropping resistor is used.

In the case where fixed screen applied voltage is desired it is
necessary only to determine that the screen dissipation is within the
boundary of the chart at the screen voltage to be used. In the case
where a screen voltage dropping resistor is to be used it is necessary
to determine the resistor value such that the dissipation in the screen
grid is again within the same boundary of the chart. Itis to be noted
that the minimum value of the voltage dropping resistor is given by
the factor.

Ecc2 2
4 Pg2

where Ecc2 is the selected screen supply voltage and Pg2 is the maxi-
mum screen dissipation rating for the type.

To illustrate the use of the chart, let it be assumed that the tube data
for a type stipulate ratings of 300 volts maximum screen supply
voltage, and 1.0 watt maximum screen dissipation. If it is desired to
operate the tube at 200 volts (66% %, of the maximum screen supply
voltage rating) applied directly to the screen, the maximum allowable
screen dissipation at this point (refer to Chart A) is 88% of the maxi-
mum screen dissipation, or 0.88 watt.

On the other hand, if it is desired to operate the same tube with a
screen dropping resistor, the maximum screen voltage must not exceed
the 300 volt rating, and the dropping resistor must be selected to
hold the dissipation within the safe ratings. To assure that the tube
will operate within the rating curve the dropping resistor can be de-
termined from the formula

2
Re2 i Ecc2¥
4 Pg2

where Rc2 is the screen dropping resistor {chms),
Ecc2 is the selected screen supply voltage (volts),
Pg2 is the maximum screen dissipation rating (watts).

For example, if a screen supply voltage of 250 volts were selected for
the above cited tube type

2
> 2508 62500 _ 5405 ohms

R —_— =
2= Ax1.0 4

*This materiol was formulated by the Committee on Receiving Tubes of the Joint
Election Tube Engineers Council and approved by the Council as JETEC Data,

RECEIVING TUBE RECTIFIER RATINGS*

Ratings of rectifier tubes are based upon fundamenta! limitations
in the operation of the tubes. In general, the limitations are peak in-
verse plate voltage, transient peak plate current, steady state peak
plate current, D C output current, and (for types with indirectly heated
cathodes) heater-cathode voltage. Maximum ratings for such para-
meters are included in the JETEC Tube Data. The various maximum
ratings are generally not attainable simultaneously.

Certain of the limitations of operation are interrelated so that
operation more lenient for one parameter will permit more severe con-
ditions of operation in other respects. In order to define the boun-
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daries of permissible operation, the JETEC Data for a rectifier type

include a chart of the allowable D Cload current per plate for values

of RMS supply volts per plate up to the maximum rated valve, for
operation under conditions of either capacitor or choke input.

CHOKE

F_A B INPUT

e ONLY

CAPACITOR OR
CHOKE INPUT

DC LOAD CURRENT-MA PER PLATE

o
@

RMS SUPPLY VOLTS

Where the tube is operated with choke input to the filter, the per-
missible D C Load Current vs RMS Supply Voltage operating point
must fall within the area OFABCDGO. If capacitor input to the filter
is used,-the permissible D C Load Current vs RMS Supply Voltage
operating point must fall within the area OFAEDGO.

*This material was formulated by the Committee on Receiving Tubes of the Joint
Election Tube Engineers Council and approved by the Council as JETEC Data.

SERIES STRING TELEVISION

Sylvania provides the set manufacturer with a complete line of tubes
specifically designed for series string operation in television receivers.

As with radio receivers, the advantages of series heater operation
include elimination of o transformer winding for the heater supply,
with probable substitution of a voltage doubler rectifier circuit for the
low voltage B supply winding. Thus, the power transformer can be
eliminated altogether, if desired.

All the types included in the series string line incorporate 600 ma
heaters, permitting series string operation without parallel networks.

To insure proper steady-state operating voltages, heater current
production tolerances have been reduced from 50 ma for standard
receiving fubes to 25 ma for all series string types. Slight variations
in individual heater voltages will still be present in series strings.
However, the magnitude of these variations should be relatively un-
important in properly designed circuits.

At present, the generally accepted method of controlling thermal
characteristics in production is by a “heater warm-up time'" test. In
this test, the measured time is that required for a heater, originaily
at room temperature, to reach 80%, of its rated heater voltage after
four times the rated voltage is applied to the heater in series with o
fixed resistor. The fixed resistor is specified as three times the hot resis-
tance of the fube's heater. For all types included in the new fine of
600 ma tubes, the heater warm-up time in the test described is ap-
proximately 11 seconds. This figure should not be confused with the
time required for the receiver to become operative.

With respect to receiver warm-up time, tests on experimental models
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employing new series string tubes and o fixed series resistor in place
of a thermistor, have shown that a normal raster will appear 45 to 55
seconds after power is applied. This time is still somewhat longer than
that required by a transformer type receiver. However, it represents
approximately one-third the time required for stable operation of a
receiver utilizing a thermistor.

Picture tubes for series heater strings have not been introduced as o
separate line. Television picture tubes intended for transformer oper-
ation incorporate a design center heater current rating of 600 ma
and have relatively high heater-cathode voltage ratings. Narrowing
of heater current limits, in agreement with the newly developed re-
ceiving tubes (600 =25 ma) and control of thermal characteristics in
production, provide the necessary protection against failure due to
surge voltages or improper steady state voltage distribution,

Heater warm-up time is defined as the time required in the circuit
shown below for the voltage across the heater terminals to increase
from zero to the heater test voltage (V1). The conditions used in con-
junction with the test circuit depend upon the rated heater voitage and
current of the tube under test as indicated in the table which follows.

R
E
I Heater of
tube under
test
E —Applied Voltage, RMS orDC Ef—Rated Heater Voltage of
R —Total Series Resistance Tube Under Test
V1—Heater Test Voltage, RM S or If —Rated Heater Current of
DC (VI = 80% of Ef) Tube Under Test
T —Approximate Warm-up
Time in Seconds
TABLE |
Ef if E R Vi
Volts Amperes Volts Ohms Volts T
2.35 0.6 9.4 11.8 1.9 11.0
3.15 0.6 12.5 15.8 2.5 11.0
3.5 0.6 14.0 17.5 2.8 11.0
4.2 0.6 16.8 21.0 3.33 11.0
4.7 0.6 18.8 23.6 3.75 11.0
6.3 0.6 25.0 31.5 5.0 11.0
8.4 0.6 33.6 42,0 6.72 1.0
12,6 0.6 50.0 63.0 10.0 11.0
18.9 0.6 75.6 94.5 15.1 1.0
25.0 0.6 100.0 125.0 20.0 11.0
28.0 0.6 112.0 140.0 22,4 11.0

AMPLIFIER CLASSIFICATION

All radio receiving tubes except the rectifiers may be conveniently
considered as amplifiers. Oscillators and detectors or frequency con-
verters may be thought of as special cases of amplifiers in which use
is made of the non-linear relations between the input voltages and
output currents of the tube under consideration.

There are three major classes of amplifier service, Definitions de-
scribing these have been standardized by the Institute of Radio
Engineers.

Class A Amplifier

A Class A, or Class A1, amplifier is one in which the grid bias and
signal voltages are such that plate current in the tube, or in each
tube of a push-pull stage flows at all times.
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This is accomplished by operating at the center point of the plate
current vs, grid voltage curve and using signal voltages which do not
drive the grid into either the positive region or into the sharp bend
near cut-off voltage.

Class A2 Amplifier

A Class A2 amplifier is the same as a Class A1 amplifier except
that the signal may drive the grid into the positive region. This is ac-
complished by operating at a lower bias than the center point which
would have been selected for class A operation.

Class B Amplifier

A Class B amplifier is an amplifier in which the grid bias is approxi-
mately equal to the cut-off value, so that the plate current is approxi-
mately zero when no signal voltage is applied and so that plate
current in the tube or in each tube of a push-pull stage, flows for
approximately one-half of each cycle when an alternating grid
voltage is applied.

An important characteristic is that the grid circuit draws appreci-
able power which prevents it from being used with ordinary resistance
coupled driver tubes.

Class AB1 Amplifier

A Class AB1 amplifier permits greater output to be obtained from
small tubes, but requires push-pull operation to reduce distortion. It
is characterized by operation at a higher bias than for Class A and
uses a signal large enough to drive the grid into the cut-off region
but not into the positive region.

Class AB2 Amplifler

A Class AB2 amplifier is the same as a Class AB1 above except
that additional bias may be used, and the signal drives the grid into
both the cut-off and grid current regions.

Class C Amplifier

A Class C ampilifier is one in which the tubes operate at a bias
much greater than cut-off voltage so that plate power is drawn only
on the peaks of the signal voltage. It is not used in audio amplifiers
because the distortion is too high but is the most efficient circuit for
R. F. power amplifiers where the harmonics can be reduced by use
of resonant circuits.

USE OF CURVES

The plate characteristic: The plate characteristic curves of a typical
beam power tube are shown below in Fig. 1. These curves represent
plate current plotted against plate voltage for specific values of grid
bias and screen grid voltages. A group of such curves with various grid
bias voltages is called a plate family. Plate characteristics are the
most widely used since most of the other important tube characteristics
may be derived from such a family of curves.

Curves shown in the tube manual represent average values and
since variations occur from tube to tube during manufacturing proces-
ses, it is always advisable to leave a safety margin when using the
curves for calculations.

In general, the plate characteristic is shown for only one valve of
screen grid voltage and various values of grid bias; although in some
cases the curves are plotted using one value of grid bias for several
different values of screen grid voltages. In the former case, if any
other value of screen voltage is to be used then a new plate family
must be plotted. Use of the tube manual curves necessitates applying
the screen voltage shown on the graph.

An example will be shown here involving the use of plate character-
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istics for calculating approximately the power output, efficiency, and
second and third harmonic distortion in a single tube Class A audio
power output amplifier using a Type 6V4GT.

The first step in this example will be to locate the operating point
which will indicate the value of En and b with zero applied signal. It
is general practice to use the typical operating conditions as a guide
and, in the case of the 6V4GT, it will be noted that there are three
columns under Typical Operation for a Class A1 Amplifier (one tube).
Whichever column one intends to use will be dependent upon the
supply voltage available, the power output desired, and the amount
of distortion that may be tolerated. This example will use the center
column.

The plate voltage (Es) and grid voltage (E.) listed located the
operating point and these are 250 V. and —12.5 V., respectively.
This point is designated by O in Fig. 1.

For a Class A power amplifier to operate properly it is necessary
to carefully proportion the load impedance and signal voltage with
respect to the operating point. This is easily done with a load line which
represents the locus of all corresponding instantaneous values of plate
current and plate voltage assumed during the grid voltage cycle. The
slope of the load line is determined solely by the load resistance (RL).

1
1) sl -
(1) Slope R

L
Since the load line must lie on the operating point, its location is read-
ily established knowing the value of RL because the load line must
also intersect the voltage axis at zero plate current. Therefore,

Where E'nax. =point of load line intersection with voltage axis
Ib =plate current at operating point
Ebb =d ¢ supply voltage
R =5000 ohms

{2) E'max. =(lbRt + Ebb)
=45X 10-3 X 5000 + 250 = 475 V.
This gives a second point through which the load line must pass. Other

values of Ri, Eb and Eq could be selected provided the rated manxi-
mum screen and plate dissipations are not exceeded.
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