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FOREWORD

This Appendix to MIL-HDBK-211 was prepared under joint Air Force-
Navy sponsorship. The gathering of technical data, analysis and presenta-
tion of information was performed by Aeronautical Radio, Inc., under joint
services contract NObsr-64508. Acknowledgement is made to the many
persons and activities of the Military services, individuals and groups
throughout the electronic industry, and the tube manufacturing industry who

provided assistance in obtaining technical data and furnishing constructive
comments.
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1. INTRODUCTION

This publication is Appendix-A to Military Handbook No. 211,
Techniques for Application of Electron Tubes in Military Equipment,
which was published by‘the Government Printing Office 1n December,

1958.

Handbook No. 211 represents the first attempt to present within
one cover all available application data pertaining to the receiving
tube types designated for use. in military electronic” equipments (1.e.,
those receiving types listed in MIL-STD-200). The material includes
not only general instructions in the interpretation of specifications
and in the use of statistical design techniques, but also detailed
data derived from MIL-E-1 specifications and from manufacturers! life-
test records. -

This Appendix goes beyond the handbook in dealing with
various. application problems which' are commonly encountered in complex
equipments. Part I discusses the design of circuits. Part II pro-
vides ==~ for receiving tube types which have been added to MIL-
STD~-200 -~ the same type of application data which are given in
Parts III and IV of the handbook.
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2., APPLICATION NQOTES

This part of the Apperuiix 1s a compilation of application notes
based on experience in solving part-reliability problems encountered
in the design of electronic circuits. The discussion describes the
measures taken to prevent or overcome the most commonly observed tube-
reliability problems.

2.1 Long-Life Assurance for Electron Tubes

This section discusses two important approaches to the improve-
ment of tube life: (1) reduction of cathode operating temperature to
the minimum value, and (2) reduction of bulb temperature.

2,1.1 The Effect of Cathode Operating Temperature
on Tube Life

The effect of cathode temperature, and therefore of heater volt-
age, on the life expectancy of tubes has frequently been observed, *
and the observations agree with what is known about the physical mech-
anisms involved in the relationship.

In studies of the phenomena involved in the deterioration of
tubes, ARINC has cited both theoretical concepts and experimental data
which show that the exponential relationship is very frequently ob-
served in association with thermal effects., Figures 1, 2, 3, and 4
show, respectively, the effects of temperature on the formation of
interface resistance and the decay of pulse emission, on heater burn-
out, on heater-cathode leakage, and on insulation. leakage in gerieral.
For the sake of simplicity, it might be said that all these phenomena,
including emission decay, follow Arrhenius' Law, which states that the
reaction rate (r) is an exponential function of temperature. Thus

-E/XT

r = A¢

If the constant E (the activation energy of the phenomenon) is
expressed in electron volts, the activation energy corresponds roughly
to the work function of the Dushman equation controlling the emission
of electrons.

In all the deterioration studies made by ARINC, activation energy
has been estimated to have values between 1.5 and 3 electron volts.
The estimates have a tendency to be lower than the true value because

* See, for example, Thomas H. Briggs, Electron Tube Operation as
Influenced by Temperature and Voltage (Technical Report 56-53),
Wright Air Development Center, January 1956.
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of effects due to phenomena other than those studied. This situation
implies that deterioration phenomena, in general, vary with temperature
at a faster rate than emission does. The inescapable conclusion to be
drawn 1s that if an attempt is made to improve emission by increasing
the temperature of operation, deterioration effects will be encountered
at a much earlier point in the life of the tubes. Therefore, the best
way to obtain long 1life 1s to reduce the operating temperature to the
minimum value compatible with emission requirements.

The major obstacle to the successful application of the principle
stated above is the complete lack of control of the emission-
temperature characteristics of present-day receiving tubes. Usually,
tubes are operated at the polnt where the saturation current available
at the operating temperature is between 100 and 1000 times larger than
current density., It 1s possible, therefore, to make tubes passing
usual specifications for most characteristics, but exhibiting differ-
ences as great as 10-to-1 in saturation-emission characteristics --
either at the operating temperature corresponding to the center value
of heater voltage, or at any other temperature, It 1s also possible
to make tubes whose saturation-emission characteristics are very simi-
lar at one temperature but significantly different at every other
temperature,

To 1llustrate the type of information required by the designer,
and usually not available to him, Figures 5 and 6 show the variation
in transconductance which occurs with time when cathode temperature
1s varied by variation of heater voltage. The curves for zero hours
show the previously mentioned effect of saturation emilssion on the
value of transconductance. The curves for various periods of opera-
tion show the effect of interface resistance superimposed upon the
effect of saturation emission. If the operating condition is that of
a high-gain, resistance-coupled amplifier in which plate current is
very near the cut-off point, transconductance 1s limited malnly by the
formation of interface resistance. (Here it should be noted that the
curves probably fit only the particular production lot from which the
tubes were taken, since the operating regions under discussion are
completely uncontrolled by specifications. However, in spite of wide
variations among individual readings, the general shape of the curves
is typical.)

The curves show that for tube type 5814, a heater voltage of 12.6
volts (the specified value) gives optimum operation only for a period
of 500 hours. To achieve a life expectancy greater than 500 hours
under the conditions of operation of the amplifier under discussion,
it is necessary to decrease the value of heater voltage. For example,
operation for 8000 hours at a heater voltage of 12.6 volts would re-
sult in a transconductance value of 1200 micromhos at the end of life;
however, operation at 10 volts would result in a transconductance value
of 1700 micromhos after the same period of time,

! It should also be noted here that the data shown in Figures 5

and 6 were measured under the operating conditions given in military
specifications. In the curves for zero hours, the difference between
the transconductance values measured at 12.6 volts and 10 volts is not
an indication of the difference which would occur under the operating
conditions of the amplifier circuit. Under MIL-E-1 conditions, plate
current 1s well above the cut-off value and saturation emission has a
strong effect on transconductance. At conditions near cut-off,
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saturation current at low heater voltages 1s plentiful enough to

produce full space-charge-limited operation, and the gain of the ampli-
fier will not vary with heater voltage. However, transconductance will
decrease with time as a functlion of the formation of interface resist-

ance, and therefore will vary with heater voltage as shown in the
figures.,

The effect of varlations in voltage supply requires that great
care be taken in the design of electronic.equipment in which long 1life
1s desired. It has been the practice of designers of military elec-
tronlc equipment to assure performance even under the extreme condi-
tions imposed by the use of a minimum voltage supply. This practice
has generally produced equipments in which deteriloration 1s rapid, but
in which performance 1s practically unaffected by voltages 5 or even
10 percent lower than the center value.

Having observed such condltions of operation durlng field lnves-
tigations, ARINC has performed several experiments in which the voltage

applled to equipments was reduced in order to obtaln a lower rate of
tube removal.

In a recent test involving 16 communicatlon receilvers operated
between 6000 and 8000 hours, half of the recelvers were operated with
a supply voltage purposely reduced 8 percent below the center value;
the rest were operated at a center value of supply voltage. The mean
time-between-malfunctions for the receivers operated at reduced sup-
| ply voltage was almost three times as long as that for the equipments
\ operated at center-value supply voltage.

In all the experiments performed so far, the expected improvement
has been observed, The amount of improvement under each condition of
operation has not always been conslstent -- usually because concomitant
phenomena mask the effect under investigation -- but the experilmental
results have agreed so well with expectatlons that 1t now seems safe to
to formulate a workling hypothesis* which can be applied to nearly all
electronic equipment:

(1) Determine the average and expected extreme variatlons
of supply voltage used for the equipment.

(2) Analyze the probabllity of occurrence of the lowest
range of voltage, and the effect of this range on the
performance characteristics of the equipment.

(3) If the above analysis shows no dangerous shortcomings,
reduce the center value of the voltage by no more than |
one-third of the extreme deviation from the original
center value. d

* Regulation of electron-tube heater supplies in the past has been
limited to constant-voltage transformers, complex regulating cir-
cults or ballast tubes. The use of the recently developed power-
zener regulator diodes now appears to be feasible, offering the
advantages of small size and welght.

11
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Several methods of reducing supply voltage are possible. The
simplest one 1s readily applicable to equipments operated by a-c cur-
rent, 60 or 400 cycles per second. In these equipment, the primary
winding of the power transformer is frequently supplied with three
separate taps: one for the center value, one for high voltage, and
one for low voltage. Each tap causes a 5- or 1l0-percent change in
secondary voltage.

For equipments not using primary taps, or for equipments using
the highest tap, a separate auto-transformer may be satisfactory. For
equipments operated by d-c current, a dropping resistor provided with
proper short-circuiting switch may be used. In the latter case, the
dropping resistor can be inserted in the tube heater strings only.
Most high-voltage power supplies are regulated, and therefore would
not be affected by the lower voltage, except insofar as the regulator
tube is concerned.

The procedure described here assures flexibility of choice in
case previous analysis shows that some tubes, such as transmitting
tubes, are sensitive to variations in heater voltage. Usually heater
voltage produces the major effect in retarding deterioration phenom-
ena, because the cathode in electron tubes is the element most subject
to variations in deterioration with temperature.

Whenever the supply voltage of an in-service equipment is
decreased, as suggested above, it must be realized that some part which
operated satisfactorily at higher voltages may become marginal at the
lower voltage. This is particularly true of electron tubes which have
given long service under high-voltage conditions. When voltage is
reduced, cathode temperature decreases, and tube performance will
rapidly reach an unsatisfactory level. The resulting increase in tube
removals may appear to disprove the theory that reduction of supply
voltage has beneficial effects. Actually, the increase in removals.
is due to other causes -- principally, the high rate of deterioration
which takes place when tubes are operated at high voltages. To avoid
multiple tube failures after a reduction in supply voltage, it is
recommended that all tubes be tested and replaced if found to be near
the end of life. Time spent in replacing tubes at the time of voltage
change-over will be amply compensated by the lower rate of removal in
subsequent operation.

2.1.2 The Effect of Bulb Temperatures on Tube Life¥

The influence of temperature upon the reliability of electronic
equipment in general has been recognized only in the last few years.
It is most apparent in aircraft, where space is at a premium, because
airborne equipments have a much higher "packing factor" than do ground-
operating equipments. Recent investigations have thrown some light
on the way bulb temperatures affect electron-tube reliability.

% The material in Sections 2.1.2 and 2.1.2.1 is taken from ARINC's
General Report No. 2, pp. 75 and 78 - 85.

12
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There have been many studies on the effect of temperatures on
tube life. One in particular dealt with the effect of plate tempera-
tures.* The hypothesis underlying this research was that the gases
absorbed by the plate during fabrication are diffused, in the tube at
a rate proportional to the plate current, and that these gases cause
poisoning of the cathode. The study resulted in the development of
de-rating curves for various tube-types: for each condition of
ambient temperature, a reduced plate-dissipation value was assigned,
at which a constant plate temperature would be maintained.

The study Jjust described was based on the assumption that plate
temperature is the only important consideration in determining power
rating. However, research by a manufacturer has shown that cont
nating gas is released not only by the plate current, but also -- and
in larger quantities -- by the bulb.** Therefore, deterioration
effects in tubes would be accelerated by high bulb temperatures, even
if the plate temperature were held constant. This fact is so well
recognized by tube engineers that extensive operations are performed
in order to outgas the bulbs for electron tubes. However, recent
research has revealed the complexity of the phenomena involved and the
limitations on operating temperatures. ’

Gas 1s adsorbed by the surface of the glass bulb and absorbed in
the glass itself. The adsorbed gas can be practically eliminated by
the usual vacuum-heating process during the exhaust cycle, but the
absorbed gas presents an entirely different problem. Dr. B. J. Todd
has published a report on studies of the outgassing of glass, at dif-
ferent temperatures, as a function of time.t In this report, he shows’
that the gas diffused from the interior of the glass is composed prin-
cipally of water vapor(98 to 100 percent of the total gas depending
upon temperaturq. He points out that the rate of diffusion of water
vapor from glass is proportional to the square root of the time in-
volved for an almost infinite duration; therefore, it would be prac-
tically impossible to heat the glass long enough, or hot enough, to
draw all the water vapor out of it. For example, he indicates that
it would take 37 years of heating glass of one-millimeter thickness
at 430°C to produce a depletion effect that would result in a deviation
in the volume of gas diffusion from the square-root law quoted above.

* Schmidt, B.M., Temperature-Pressure Derating of Electron Tubes,
Phase I, University of Dayton, Dayton, Ohio; Contract AF 33 (bl6)-
113, Test Report WCLCV - 6, May 25, 1953. Also, Schmidt, B.M.,

A Study of Environmental Temperature and Pressure Effects on the
Plate Dissipation Rafting of Receiving Tubes, WADC Technical Report
53-433, University of Dayton, Dayton, Ohio, December 1957.

*¥ Bowie, W.S., Study of Electron Tube Bulb Temperature Ratings,
General Electric Company, Reliabilify Analysis Laboratory,
Owensboro, Ky., Contract AF 33(038)28636, Proposal I and
Quarterly Progress Reports.

t Todd, B.J., "Outgassing of Glass", Journal of Applied Physics,
Vol. 26, No., 10, October 1955; American Instifufe of Physics,
New York City.
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Figure 7 was derived from the data in Dr. Todd's report. It
shows the volume of gas diffused from a bulb made of lime glass (008)
at four different temperatures, as a function of operating time up to
10,000 hours. For each of the four temperatures, several degassing
cycles are shown. Thus, the processes usually taking place in a tube
during exhaust can be simulated.

This figure suggests several interesting conclusions. -The first
is that, after approximately 1000 hours of operation at a bulb tempera-
ture as high as 300°C, there is little difference between the amount
of gas evolved from the bulb of a thoroughly degassed tube and the
amount from the bulb of a tube that was not so completely degassed
during fabrication. This observation contradicts the wide-spread be-
lief that a tube can be made to operate for as long a period at high
temperatures as it does at lower temperatures, provided that it is
more thoroughly degassed during exhaust.

On the other hand, another observation to be made from Figure 7
is that the difference between thoroughly degassed tubes and tubes
less completely degassed is quite significant when the operating tem-
perature of the bulb is 200°C or lower, and that this difference is
maintained for long periods of time. Still another remarkable fact
is that the 50-degree difference between an operating temperature of
150°C and one of 200°C results in a difference of almost 1000-to-1 in
the volume of gas diffused. Evidently, the tube-degassing process is
much more effective in minimizing the amount of gas evolved during
operation if the tubes are operated at the lower temperatures than it
is if they are operated at temperatures above 200°C.

It 1is evident from Flgure 7 that the amount of water vapor dif-
fused from glass bulbs at bulb temperatures over 150°C is by no means
insignificant. If no gas were absorbed by the getter or the cathode,
a tube in a miniature-medium bulb that had been processed at 400°C for
three minutes would build up approximately 10-2 micron (Hg)- liters
of water vapor in 10,000 hours of operation at 200°C. This volume of
gas in a tube of that size would alone be enough to proguce a pressure
from 10 to 100 times as great as is expected in a well evacuated tube.
Actually, it is unlikely that so much pressure would develop, because
the total volume of gas evolved would be influenced to some extent by
the effect of various absorbing and adsorbing materials, the most
active of which is the getter.

Depletion of the metallic barium deposit on the getter of tubes
operating for extended periods of time at high bulb temperatures has
been observed repeatedly by ARINC and many other investigators. Such
depletion and other phenomena just described point to water vapor from
the bulb as the dominant phenomenon causing deterioratim in tubes op-
erated at high bulb temperatures. Other observations confirm this
theory. The metal parts in tubes are usually degassed during exhaust
at temperatures much higher than the tube operating temperature, and
the gas desorbed from such parts is principally hydrogen carried over
from the firing process. Mica, the only material not subjected to
high-temperature degassing, 1s known to produce large quantities of
gas when its temperature is sufficiently high to cause release of its
waters of crystallization, or when it 1s stressed mechanically in a
way that causes separation of the crystals at cleavage planes. Water
vapor emanating from the mica would add to the water vapor from the
bulb, and would accentuate¢ the effect. Thus, it seems logical to

15
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accept water vapor from the bulb as the dominant phenomenon causing
deterioration in tubes operated at high temperatures. Just how this
gas produces deterioration and reduces tube life remains to be
explained,

One of the direct and pronounced effects of gas 1s well recog-
nized, An ion current, proportional to the gas pressure and to the
total current flowing in the tube, is collected by the control grid.
Flowing through the external grid-circuilt resistance, it produces a
positive grid voltage that increases the total current in the tube.
If the increase in current is sufficilently large to cause a substan-
tial increase in power dissipation at the surface of the bulb, the
phenomenon may become self-sustaining, and may result in arc-over and
complete destruction of the tube.

A less violent but more important effect of gas 1is gradual poi-
soning of the emitting surface. The work-function value required for
good emission is obtalned by an excess of donor centers in the barium-
oxide lattice or by a vacancy of oxygen ions., It 1s logical to assume
that the presence of oxygen gas tends to destroy the donor centers by
oxidation, a process which 1s proportional to the amount of oxygen
available, If the effect of oxldation 1is greater than the total effect
of reduction due to other causes, the lattice balance will be restored
and emission will drop to a low value,

The effect of oxygen poisoning on cathode emission has been
studied by many experimenters. Herrmann and Wagener* have reported
several experiments which indicate that, when the cathode 1s operating
at 1000°K, an oxygen pressure of the order of one micron (Hg) can re-
duce the emission by several orders of magnitude in less than a minute.
As was mentioned earlier, the effect of oxidation depends upon the
temperature of the cathode, and is balanced out by reducing factors
which are dependent upon the temperature and condition of the activat-
ing materials.

2,1.2.1 Heat-Transfer Mechanisms Affecting
Bulb Temperature

The preceding discussion of bulb temperatures has been presented
in order to convey a general idea of the order of magnitude of the
phenomenon. An attempt has also been made to indicate the limits be-
yond which the phenomenon becomes overpowering, but much more inves-
tigation is needed to determine exactly what quantity of water vapor
from the bulb can be tolerated in a tube. As has been shown, this
depends upon the amount of gas absorbed by other tube elements; the
amount of oxygen that finds its way to the emitting surface; the effect
of other gases on cathode polsoning; and the interactions among gas
polisoning, cathode temperature, and activation of the barium-oxide
layer,

A prerequisite to investigations of these factors is adequate
information on the bulb temperatures to be expected in various equip-
ments in the field, Such information can be obtained only by a care-
ful analysis of the heat-transfer mechanism in electron tubes.

* Herrmann, G., and Wagener, S., The Oxide-Coated Cathode, Vol., II,
1951; Chapman and Hall, London, England.
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The elements in a tube must dissipate theilr power chiefly by
radiation; but, contrary to a general belief, the glass bulb is prac-
tically opaque to infrared radiation of the frequency encountered in
most receiving tubes. Therefore, the internal power, dissipated by
the elements through radiation to the bulb, must be conducted through
the thickness of the glass and then dissipated by radiation, conduction
or convection. The heat conductivity of a glass bulb is low (approx-
imately 1/500 that of the conductivity of copper). As a result, the
distribution of heat on the surface of the bulb is far from uniform --
a fact to be.kept in mind when bulb-temperature measurements are re-
ported. The method used in obtaining bulb-temperature measurements
given in this report is to select the hottest spot on the bulb and
consider it an index of the temperature of the bulb.

The mechanisms through which a bulb is cooled are conduction
through the pins and base of the tube, and convection and radiation
through the surrounding atmosphere. If the atmosphere is still, as
it is in many electronic equipments where no provision has been made
for ventilation, there is little transfer of heat. Consequently, the
ambient temperature increases, causing the bulb temperature to increase
still further,

Circulation of air improves heat-transfer, if the air is cooled
by an effective heat-sink. In this event, the heat-transfer is pro-
portional to the square root of the air velocity and to the difference
in temperature between the bulb and the cooling air.

Heat-conduction through the base of the bulb can be effective only
if the chassis on which the base is secured is maintained at a tempera-
ture lower than that of the surrounding air by some artificial means.

Many studies have been conducted recently¥* in an attempt to obtain
a correlation between internal power dissipation and bulb temperature

e (1) Klass, P., "New Shield Insert Reduces Tube Heat," Aviation Week,
Vol, 64, No. 8, February 20, 1956; McGraw-Hill Publishing Co., New
York City; (2) Woods, L., An Evaluation of Shieldsfor Subminiature
Electron Tubes, International Electronic Research Corp., Burbank,
Cal,; (3) Woods, L., Effect of Tube Shields on Miniature Electron
Tubes, International Electronic Research Corp., Burbank, Cal.,;

Sylvania Electric Products, Inc., High Temperature and Altitude

Life Evaluation of Subminiature Tubes, Engineering Report on Sup-
Plemental Agreement No. 8 to Contract AF 33(038)-9853, December 1,1%55;
Radio Tube Division, Emporium, Pa.; (5) Mills, B.D., A Method of
Determining Vacuum Tube Rating At Very High Altitudes, Report No. 55,
February b, 1052; Brimar valve Works, Kent, England; (6) Mills, B.D.,
and Wright, W., "The Rating of Thermionic Valves for Use Under
Abnormal Conditions," Journal of Electronics, Vol. 1, November 1955;
Taylor and Francis, Ltd., London, England; (Brimar Valve Works Report
No. 82-G); (7) Wallin, D.R., Vacuum Tube Envelope Temperature Measure-
ments, Research Report No. 594, March 1955; Naval Electronics Labor-
atory, San Diego, Cal.; (8) Weeks, P.T., "Reliability in Miniature
and Subminiature Tubes", Proceedings of the IRE, Vol. 39, No. 5.,
p. 499 (May 1951); Institute of Radio Engineers, New York City.
(9) Passman, H.M., Thermal Evaluation of Various Miniature Tube
Shields -- II, Report No. CTR-156, Collins Radio Company, Cedar
Rapids, Iowa.
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for given values of ambient temperature and pressure. The results are
in fairly good agreement, considering the fact that bulb temperature
is non-uniform, and, therefore, results obtained by one worker may
differ from those obtained by others, merely because of the size or
position of the thermocouple used for temperature measurement. All of
the measurements that were considered to be in reasonable agreement
were coordinated and condensed into graphical form. The result is
Figure 8, in which the difference between bulb temperature and ambient
temperature for an ambient temperature of 25°C 1s plotted against the
power dissipation per unit surface of the bulb. The table on the fig-
ure lists the bulb surfaces of the most commonly used tubes, in order
to permit direct determination of the temperature of a bulb, if the
total dissipation of the electrodes is known.

In Figure 8, the curve of fundamental importance is the one for
a bare bulb in a still atmosphere at standard pressure and temperature
(atmospheric pressure at 250C). At ambient temperatures higher than
25°C, the increase in bulb temperature is slightly less than the fig-
ure indicates; but the difference is so small that it can be disre-
garded for most applications, and the curves can be used for all
ambient temperatures that are commonly encountered.

For purposes of comparison, the theoretical curve due to radia-
tion of a black ktody in vacuum is also shown. Comparison of the shape
of this curve with that of the curve for a bare bulb at standard pres-
sure and temperature leads to the conclusion that conduction and
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convection are the dominant phenomena in the lower region of
dissipation for the bare bulb. In the higher region, the curvature
of the bare-bulb curve approaches that of the black body, indicating
that radiation has become the dominant phenomenon.,

Another curve of interest is that for a bare bulb at the pressure
corresponding to an altitude of 40,000 feet. The shape of this curve
closely approximates that of the curve for the black body, indicating
that conduction and convection are rather low at the pressure associ-
ated with the selected altitide. For higher altitudes (or lower pres-
sures), the bare-bulb curve would attain higher temperature values
than the black body curve, thus reflecting the absence of convection
cooling and the effect of the relatively low coefficient of radiation
for glass.

However, electron tubes are not ordinarily used as bare bulbs;
instead, they are inserted in sockets with shields intended to provide
electrostatic shielding and also -- particularly in airborne equip-
ments -- to hold the bulb in place under conditions of shock or vibra-
tion. Use of the standard JAN shield is almost universal in military
equipments -- in fact, until a few years ago, it was the only approved
shield. This shield is made of bright metal and, as Figure 8 shows,
its use produces a marked increase in the temperature of the bulb.
This standard shield is made 1n the form of a cylinder which completely
surrounds the bulb and is clamped to the socket. The air enclosed be-
tween the shield and the bulb cannot escape, and so reaches a high
temperature. The effect 1s aggravated because the bright inner sur-
face of the shield reflects heat back to the bulb.

Many attempts have been made to correct this situation. A logi-
cal step is to blacken the surface of the shield, thus increasing the
absorptive property of the inner surface and the radiating property
of the outer surface. Another method is to put vents in the shield
to permit circulation of air, and thus increase the amount of convec-
fion. Used in combination, these devices are successful in reducing
the bulb temperature, but not quite to the level of bare-bulb tempera-
ture,

A more drastic method of cooling the bulb 1is to provide for direct
metallic conduction from the surface of the bulb to the surface of the
shield. This has been done in several laboratories#* by inserting a
thin strip of corrugated metal between the bulb and the shield, so
positioned that it 1s in good contact with both of them. The great
advantage of this insert is that it is directly adaptable for use with
the standard JAN shield, and so can be utilized to effect an immediate
improvement in existing equipments.

A special shield now generally available may provide an even bet-
ter solution of the problem. This shield consists of a black cylinder
with many springlike members that make tight contact with the bulb.

As the shield also makes good contact with the base of the socket,
thermal conduction through the chassis aids in dissipating the heat
from the bulb. This type of shield appears quite effective in decreas-
ing bulb temperatures., However, because of the variation in methods

¥ Passman, H. M., Thermal Evaluation of Various Miniature Tube
Shields -- II, Report No. CTR-156, Collins Radio Company,
Cedar Rapids, Iowa.
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of measurement used by different investigators, 1t was not possible
to derive a curve indicating the difference in bulb temperature ob-
tained through use of this shield rather than the JAN shield with the
metal Insert described above. The curve in Figure 8 that is labeled
"conduction shield" 1is applicable to all shieldsmentioned that use
the conduction principle; therefore, it should be interpreted with
some degree of approximation. The temperature of the chassls is a
consideration in the evaluation of a shield with a good property of
heat-transfer to the chassis, but it is unimportant in evaluation of
other shields.

The temperature of the heat-sink is extremely important in the
final determination of bulb temperature. This consideration should
be kept in mind, particularly with reference to subminiature bulb
shields. Some of these shields are designed to hold a tube so that,
along its entire length, it is in contact with the chassis. Under
conditions of such close proximity to the chassis, and good heat-
transfer through the shield, the bulb temperature of subminiature
tubes is practically the same as the temperature of the chassis. Even
when subminiature tubes are used bare, conduction of heat through the
stem-leads accounts for a larger percentage of the total heat dissipa-
tion than it does in other tubes. This 1s why a curve for pressure
corresponding to a 40,000 foot altitude has been presented only for
subminiature tubes. None of the data on miniature tubes in this kind
of operation were found to be in sufficient agreement for use with the
other curves.

In view of the considerations discussed above, it is obvious that
the curves in Figure ‘8 should be used only as a guide in a first ap-
praisal of tube operation. Figures estimated from theoretical consid-
eration should always be checked experimentally, as soon as a first
model having the same configuration as the final product 1is bullt.

2.2 Tube Characteristic Spreads and Cathode Blas¥*

One of the problems confronting the equipment designer using
electron tubes is the spread in electrical characteristics, both from.
tube to tube and for any given tube under various operating conditions.
Variations in characteristics will also occur in a particular tube
during its operating life. Unless properly allowed for, such spreads
and variations may cause circult performance to vary to such an extent
as to render the equipment virtually useless,

For designers of military equipment, an important source of in-
formation concerning spreads in characteristics may be the MIL-E-1
specification. Military specifications are quality-control documents,
but they can provide a wealth of information to a designer, For ex-
ample, the specification sheet for type 5670 shows that the plate cur-
rent for an individual tube should not differ from design center by
more than * 28 percent; for type 5814A these limits are * 39 percent,
Superficially it would seem that tighter controls have been imposed
on type 5670. However, a glance at the test conditions near the top
of the specification sheet shows that blas for the 5670 is derived
from a cathode resistor of 240 ohms, whereas the 5814A is tested with

* Reproduced with permission, A.G.E.T. NewsBulletin, January 1, 1958.
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fixed blas. As the spec-
i1fications are written,
the 1limits on plate cur-
rent for type 5670 with
fixed bias would be about
t 75 percent of design
center, while with cath-
ode blas the spread for.
type 5814A would be nar-
rowed to * 12 percent.
Figures 9 and 10 present
this information graph-

ically, together with .S"'?.c'mmn
plate-current distribu-

tions based on measure- 1

ments of typilcal lots of ‘:_k'.?o‘o”""
tubes. e

One point that is
immedliately apparent from
these figures 1s that the
specified test conditions
exert an enormous influ-
ence on the character-
1stic spreads that a cir- uvzﬂumn—-4

1
cult designer will en- ‘ |
counter in a lot of tubes. FIXED BIAS LIMITS EQUIVALENT TO MiL-E-l
Obviously, the test con- FIGURE 9

SATASGA Mukh We Caien PLATE-CURRENT DISTRIBUTION

into account when select- FOR TUBE TYPE 5670

ing a tube type or when
determining the spread
that the proposed circuit will be required to tolerate., Incldentally,
this spread should always be determined from the specification, not
from measurements made on a few tubes procured for design purposes.
The economics cf tube manufacture require that most of the product be
somewhere near design center, or the risk of rejecting a lot will be
too high. A few tubes chosen at random might all be fairly close to
design center, and since both cathode bias and fixed blas yleld vir-
tually i1dentical measurements on a design-center tube, the results

of measurements made on the small sample might be very misleading.

On the other hand, when tubes are procured in production quantities,
there 1s a high probability that a non-trivial number of tubes will
approach the specification limits,

& = =1.96 volls

2.2.1 Advantages and Disadvantages of Cathode Blas

Referring again to Figures 9 and 10, 1t 1s apparent that cathode
blas 1s an effective means of narrowing the spread in plate current
that would exist with fixed bilas. This 1s only one of the advantages
of employing cathode blas, which are summarized below:

1. Narrowing of spread in characteristics from tube to tube,

2. Reduction of changes in characteristics caused by variations
of electrode potentials,

2l.
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FIGURE 10
PLATE-CURRENT DISTRIBUTION
FOR TUBE TYPE 5814A

3. Reduction of
changes in characteristics
during operating life
caused by emlssion deteri-
oration, development of
interface resistance, etc.

It should be noted that
these advantages are ob-
tained even when the cath-
ode resistor 1s bypassed,
as they are the result of
d-c negative feedback.

The improvements in signal
amplification at the ex-
pense of gain resulting
from unbypassed operation
are well known and will not
be discussed here.

One disadvantage of
cathode blas 1s that the
circult becomes increas-
ingly sensitive to heater-
cathode leakage¥* as the
cathode resistance 1s in-
creased. Other disadvan-
tages include (a) the need
for a bypass capacitor
where gain 1s to be main-
tained, and (b) complica-
tions arising in the design
of certain high-frequency

circuits and certain television amplifier circuilts.

2.2.2  Blas Cilrcults

Figure 12 illustrates the three grid-bias circuits used in ob-

taining the curves presented in Section 2.2.
amount of the bilas of Figure 12A 1s obtained from a cathode resistor;
the effect of thls arrangement on restricting operating point to a
The elrcult in Figure 12€C

small area is i1llustrated in Figure 11.
maintains the same operating point as those in Figures 12A and 12B,
while enabling the use of greater cathode resistance; the dotted
curves 1n Figures 9 and 10 illustrate the effect of this method on
the spread of plate current from tube to tube.

In Figure 12B, the full

* See Section 2.6; also see "Heater-Cathode Leakage", by the
Application Engineers of the Advisory Group on Electron Tubes,
Tele-Tech and Electronic Industries, January 1956.
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2.2.3 Cathode-Current Stability and Maximum Permissible
Grid Resistance

Obviously, the cathode resistors in Figures 12B and 12C cause
these circuits to be degenerative with respect to anything that tends
to change the cathode current. -To illustrate the resulting increase
in stability, suppose that a 5670 has Sm = 550 pmhos, Rk = 240 ohms,
Rg = 1.0 megohm, RL = O, and that the grid current changed from 0,0
to 0.3 uA because of gas or leakage or grid emission, etc. Employing
the formula am

ATk =0EC T SRk
it is readily calculated that the cathode current would increase by
only 0.71 mA with cathode bias compared to 1.65 mA with fixed bias.

If the circuit: of Figure 12C is used, with Rk = 200 ohms and positive
bias of 14,44 V, the increase in cathodé current would be only O.1l4mA.

This increase in stability can be exchanged for an increase in
grid circult resistance. The maximum permisslible grid-circuit resist-
ance for triodes may be calculated from the following formula:

_ Ak |1 Ty Pl *
(1) BRg AIC[Sm+Rk(l+u)+uRL]

where
ATk = change in cathode current permitted by desired
circuit stability or maximum ratings

Alc

change in control-grid current permitted by
specification limits

Rg = maximum permissible control-grid circuit resistance
in ohms

Rk = cathode circuit resistance in ohms

RL = plate-load resistance in ohms

p = amplification factor of triode

Sm = grid-plate transconductance in mhos at operating point.

For pentodes or tetrodes wlth no series screen resistance, the
formula is:

a1k [1 10 1]«
() re -8 [LI0ume(as )]

: ATc Sm Ik
where
" put = amplification factor of the tube connected as a triode
Ib = plate current
‘'Ik = cathode current

* F, Langford Smith, Radiotron Designer's Handbook (Sydney, Australia:
Wireless Press, 1953), reproduced and distributed by R,C.A,
Harrison, N.J., p. 82.
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When applying these formulas, the value of AIc employed should
always be the acceptance-test limit given in the MIL specification or
other procurement specification., For reasons already discussed, per-
missible AIc should never be de&ermined from measurements on individual
tubes.

When the value of AIk is to be that permitted by tube ratings
(the most liberal value), it can be estimated from the maximum value
of Rg allowed in the MIL specification for fixed bias. By putting
Rk = RL = 0 in (1), we obtain
(3) AIk = 8SmAIcRg (0) ,
where ARg (0) = maximum rated grid resistance at zero bias.

Where the maximum permissible grid-circuit resistance permitted

by MIL specification limits and ratings is desired, the following
forms of (1) and (2) are more convenient:

(1a) Rg = Rg(0) [1 + SmRK + R_L-;;t_lllﬁ ]
Rg = Rg(0) [L + SmRK %E (1 + 1 )]

ut

25



MIL-HDBK=-211
APPENDIX=A
12 January 1960

Figures 13 and 14 illus-

ea00 ;yeSQv_ trate the application of
. N e ax (1) and (2) to types 5670

and 5654, respectively. In
both figures, A Ic is the
MIL specification limit
and RL = O,

§

2.2.4 Correlation Be-
tween Cathode
Current and
Other Tube
Properties

TRANSCONDUCTANCE (pmhos), PLATE RESISTANCE (ohms)

Thus far only the ef-
fect of cathode bias on
cathode-current spreads and
S ~-stability has been dis-
cussed. Any tube property
% C catmooecumment oy | ¢ % M having a high degree of
: correlation with cathode

FIGURE 15 % : 5o

TRANSCONDUCTANCE AND PLATE—RESISTANCE current will be simllarly
VARIABILITY AS A FUNCTION OF CATHODE CURRENT affected., Among the tube
UNDER FIXED—BIAS CONDITIONS properties that have such

correlation are Sm, u, and
rp in triodes and Sm, Ip,
and Ico in pentodes. Fig-
ures 15, 16, and 17 illus-
trate correlations observed
. in actual lots of tubes;
the curves shown are the
statistical mean relation-
ship between Ik and other
tube properties for the
varticular lots: of tubes,

§

Type 6111
Fixed Bios

A

Figure 18 is a replot
of Figure 15, showing the
effect of cathode bias on
the Sm vs. Ik relationship.
It is seen that the degen-
erative action of the cath-
ode resistance has narrowed
the spread in Sm as well as
that in Ik; this narrowing
in Sm spread has occurred
" © because Sm behaves to a
considerable extent as a

mmscou%ucrmcs (umhos), PLATE RESISTANCE (chms)

000
.

s 6 7 ° 9 0
CATHODE CURRENT (MA)

"y FIGURE 16 :

* TRANSCONDUCTANCE AND PLATE—RESISTANCE function of Ik. However,

VARIABILITY AS A FUNCTION OF CATHODE CURRENT it is also seen that' the
UNDER FIXED-BIAS CONDITIONS deviations of the points

from the mean curve are
about the same with both
fixed bilas and cathode
bias., These deviations
represent the extent to
which Sm is independent
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of Ik; this component of Sm spread will not be reduced by any amount

of current feedback. Figure 19 illustrates how a large amount of cath-
ode resistance can be so effective in removing that part of the spread
in Sm due to spread in Ik that it is no longer possible to fit-a mean-
ingful average curve to the points.

2.2.5 Summary

Cathode bias provides current feedback, which is effective in
reducing the spread of cathode current from tube to tube and in stabi-
lizing the cathode current in a particular tube. The improved stabil-
ity can be exchanged for an increase in maximum permissible grid cir-
cult resistance. Because other important tube properties correlate
well with cathode current, these properties will be improved in the
same way as cathode current, but to a somewhat smaller degree.

2.3 Screen-Grid, Voltage-Dropping Resistors#*

The equipment design-engineer using electron tubes is always
seeking methods of reducing the effects of the wide variations of prop-
erties which seem to be inherent in tubes. These variations must be

* Reproduced with permission, A.G.E.T. News Bulletin, October 1, 1957,
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given consideration when characteristics such as transconductance (Sm)
and plate current (Ib) are involved. Not only do these characteris-
tics vary among tubes, but in a given tube they vary with changes 1in
the voltage supply and also with the operational age of the tube.
These variations may cause excesslvely wlde spreads in equipment per-
formance characteristics.,

In some respects, the effects of variations are more easily min-
imized in a pentode or a tetrode than in a triode, the screen or accel-
erator grid making possible some compensation for plate-characteristic
variations. A resistor.in series with the screen tends to maintaln
the screen current at a selected value and thus offers several advan-
tages; however, under certain conditions, the resistor may actually
accentuate variations in some characteristics. Some of these advan-
tages and dlsadvantages are:

1. The use of a sériles resistor reduces the variation in screen
current, which: (a) reduces the variation of plate characteristics
for most pentodes and tetrodes; (b) usually expands the varilation of
plate characteristics for beam tubes,

2., The maximum dissipation of the screen grid can be limited to
a safe value,

3. The meximum value of control-grid resistance can be increased
&s the value of screen-grid reslstance 1s increased.

2.3.1 Effects of Structure on Pentodes, Tetrodes,
and Beam-Power Tubes

There are two conflgurations of control grid and screen grid
commonly used in the construction of electron tubes that greatly affect
the relatlon of screen current to plate current. The most common 1is
shown in Figure 20A. In this type of construction there is usuallyan
attempt to prevent the alignment of opposlng turns of the grids. Here
the screen grid has maximum exposure to the cathode and any lateral
shift does not materially affect thls exposure. A result of thls con-
dition 1s that the number of electrons intercepted usually bears a
definite ratio to the plate current. (See Figure 21.) The screen
grid in this case acts almost as & plate so that the screen current
increases with the spplied voltage as in a triode. These conditions
cause a definite compression of the plate-current range when the
screen-current range is limited by use of a series resistor., (See
Flgures 22 and 23.

The second type of structure 1s shown in Figure 20B, This
arrangement 1s used to form the plate current into a high-intenslty
beam or to obtain a high ratio of plate current to screen-grid cur-
rent, Theoretically, thls type of structure behaves in a manner
similar to that described above with regard to voltage-current rela-
tione., Unfortunately, in this design deviations from perfect allgn-
ment cause difficultlies., When the grid turns are mechanlcally dls-
torted or the two grids move laterally relative to each other, the
screen-grid turns may no longer be in the shadow of the control-grid
turns. ABs the turns emerge from the control-grid shadow, they in-
tercept & number of electrons at the expense of plate current without
materially changing the cathode current. Not only would measurements
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A. RELATION DUE TO CATHODE-SCREEN DISTANCE
B. RELATIONS DUE TO MISALIGNMENT
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PLATE CURRENT VERSUS SCREEN—GRID CURRENT

TYPE 6005

Ecy = =12.5 Voc

Eg = 250 Voc
——Rg2 = 0, Ec2 = 250 Voc (MIL-E-1)
wae=Rg2 = 21K, E¢¢c = 300 Voc

L———— MIL-E-1 LIMITS ]

FIGURE 25
DISTRIBUTION - OF PLATE CURRENT
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‘ TYPE 6005

‘ ‘ ECI L -'2-5 VYo¢

| \ Eg = 250 Voc

| e——Ec2 = 250 Voc, Ry = O (MIL-E-1)
’ \ m—eefc2 = 300 Voc, Rg = 21K

MiL-E=] LIMIT

FIGURE 26
DISTRIBUTION OF SCREEN-GRID CURRENT

TYPE 5654
" £g =200
Algy =0.1mA

A: Ec2 =120, Ecqy = -2.0
B: Ecc2 =200, R¢ = 290

o~

N W & U

CONTROL GRID RESISTANCE (MEGOHMS)

(o]

. 2 . A
1SCREEN GRID RESIS'?ANCE (MEGOHMS )
FIGURE 27
PERMISSABLE CONTROL-GRID RESISTANCE
VERSUS SCREEN—GRID SERIES RESISTANCE
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made on such. tubes show poor correlation between screen-grid current,
plate current, and cathode current, but also the slope of the line
would, by and large, be negative, (See Figure 24.)

Various mechanical distortions, such as distorted individual
grid turns and relative movement of grid-structures, can cause such’
poor correlation. Because the introduction of a screen-grid voltage-
dropping resistor tends to maintain a constant screen-grid current at
the expense of the accelerating potential, the result 1s compression
of screen-grid current éFigure 25) and an increase in the range of
plate current (Figure 26). =

2.3.2 Limitation of Screen-Grid Dissipation
by Serles Reslstor

The maximum allowable screen dissipation can be exceeded and
permanent damage done to the tube and the circuit if the plate supply
fails and the screen voltage is maintained. Similar damage will result
when the screen-grid voltage is applied before the plate voltage.

Where other considerations permit, a simple remedy is to supply both
the plate and screen from the same source, using sufficient resistance
to limit the screen dissipation to the permissible maximum.

2.3+.3 Use of a Screen Resistor Permitting Higher
Values of Control-Grid Resistance

In many applications a cathode resistor as well as a screen-
dropping resistor is used. The combination has a decided effect on
the permissible resistance in the control-grid circuit. A formula
that may be used for tetrodes and pentodes for the determination of
these resistances is:

Ic Rg
Atk | 1 1 2 | F& i
Re = z7o |ams * RE (0 +53) +'(Ik Tt )

where .
Rg = grid resistance in ohms

ATk = permissible change in cathode current, im amperes,
determined by desired stability or limited by ratings

AIc = specified maximum grid current in amperes (MIL-E-1)
Ib = plate current in amperes

Sm = transconductance in mhos

Rk = cathode resistance in ohms

Lt = amplification factor, control grid to screen grid
Lo = scrgen-grid current in amperes

Rgo = .screen-grid series resistance in ohms

* A.G.E.T. News Bulletin, October 1, 1957.
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Figure 27 shows the
curve for permissible
control-grid resistance
plotted against screen-
grid series resistance.
The screen supply voltage
is adjusted to give proper
screen voltage. Figure 28
is a plot of the control-
grid resistance and trans-
conductance against cath-
ode resistance for vari-
ous values of screen-grid
resistance.

N
S 2

-
N

o

TRANSCONDUCTANCE. (4MHOS )

2.3.3.1 Stability

E 4

PERMISSIBLE CONTROL GRID RESISTANCE (MEGOHMS)
~

To say that the max-
imum pérmissible grid re-
sistance is increased by
the introductlon of screen
resistance 1s another way
of saying that a tube 1s
more stable when a screen
resistor is employed. This
is true for individual
tubes of either aligned
or unaligned grid struc-
ture.

0 2 13 6 8 10
CATHODE RESISTANCE (KILOHMS)

FIGURE 28
CONTROL—GRID RESISTANCE AND
TRANSCONDUCTANCE VERSUS
CATHODE RESISTANCE FOR FOUR VALUES
OF SCREEN-GRID SERIES RESISTANCE

In the case of aligned grids, the use of a screen-grid voltage-
dropping resistor would aggravate the effects of mechanical deformation,
such as might be caused by shock or severe vibration. Therefore, under
certaln circumstances, the use of a screen resistor might be undesir-

able.

In pentodes and tetrodes, the cathode current remalns essentilally
constant when the plate voltage is varied. When large signals are
applied to the control grid, the screen-grid current will rise rapidly
as the input signal approaches the positive region. The decrease dur-

.ing the negative excursion of the signal is quite small, resulting in
‘an increase 1n the average screen-grid current. When a dropping re-
sistor 1s used, a bypass capacitor to the cathode i1s necessary to pre-
vent degeneration and distortion. When the resistor 1s adequately by-
passed, the non-linear current results in an increase in the voltage
drop ‘across it.  Complete compensation 1s not possible, but the use of
cathode resistance for obtalning control-grid bilas minimizes this
effect.

2.3.3.2 Determination of Type of Grid Structures

Tube data sheets state the type of grid structure employed only
in the case of beam-power tubes. It is therefore impossible to deter-
‘mine with certainty the type of grid structure used in other types.
However, in modern tube types having effective suppression of secondary
emission from the plate, the grids are very probably aligned if the

34



MIL-HDBK-211
APPENDIX«A
12 January 1960

screen current is less than 10 percent of the cathode current under
typical operating conditions. In old tube types having non-negligible
secondary emission or in tubes where the screen current is more than
10 percent of the cathode current, the only sure way of determining
the type of grid structure is by direct-inquiry of the manufacturer,

When it 1s known that a tube has aligned grids, ‘screen voltage-

dropping resistors should be used cautiously, giving due weight to
the considerations outlined in Section 2.3.

2.4 Series Operation of Heater Strings¥

One of the major causes of catastrophic failures in electronic
equipments has been heater burn-outs due to stresses brought about
by operation of heaters in series strings. i

Although great progress has been made in heater construction and
design -- so that, at present, heaters can operate without failure
throughout a very large number of cycles at higher-than-bogie voltage--
the operation of heaters in series is still a source of excessive stress
during the warm-up period. If high reliability is. of primary impor-
tance, equipment circuitry must be carefully designed to minimize the
stresses imposed on heaters.

The reasons for using series strings are different in military
equipments and in equipments intended for entertainment purposes. 1In
the latter equipments, series heater strings are used in order to per-
mit direct application of the 115-volt supply, and thus save a trans-
former. In military equipments, specifically those used in ailrcraft,
the major reason for series strings is to permit utilization of the
primary electric-power supply, the only supply available when the
engines are not running. This supply is a 12-cell storage battery
of the lead-acid type. Under discharge conditions, the battery de-
livers a nominal voltage of 25.2 volts. However, since the capacity
of the battery is relatively low, considering the number of equipments
which must be supplied in modern aircraft, the voltage is kept con-
stant at a nominal value of 27.5 volts.

~The necessity for keeping the battery under charge has been
recognized by the agencies concerned, and the voltage supply has been
standardized at a center value of 27.5 volts, with a minimum of 25
volts and a maximum of 29 volts. This condition of operation -- known
as a "service condition" -- actually corresponds to a voltage of
27.0 volts £ 7.5 percent.

To assure operation of the electronic equipment which may be
needed most urgently in case of engine failure, a '"special service
condition" with voltage 1limits from 21 to 29 volts was established.
Under these conditions, the most vital electronic equipments will

¥ See also: Application Engineers of the Advisory Group on Electron
Tubes, "Series Heater and Filament Strings in Military Equipment',
Tele-Tech and Electronic Industries, January 1955. Material ap-
pearing 1n Sections 2.4.1 through 2.4.5 is from the Sylvania Sub-
miniature Tube Manual, Sylvania Electric Products, Inc., and is
reproduced with permlssion.
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continue to operate, but with somewhat reduced performance. Because
of the reduction in performance, the special service condition should
not be considered the controlling condition of operation, and the de-
sign should not call for operation at a center voltage of 25 volts,
with % 16 percent tolerance limits. If this were done, the tubes would
operate at over-voltage most of the time -- for the distribution of
supply voltage 1is skewed to the right, the mode occurring in the re-
gion near 27.0 volts.

The situation described above 1s exactly analogous to that found
in automobile radios. An automobile battery has a nominal voltage of
6.3 volts, but has a charge of 7 volts under usual driving conditions.
If the radlo were designed to operate at a center voltage-of T volts,
it would fail if turned on when the battery was not under charge. The
radlo industry has compromised by using a center value of 6.3 volts,
but the compromise was made at the expense of reliability, since dete-
rioration is accelerated if a radio designed for 6.3 volts 1s operated
at' 7 volts most of the time.

In the case of a car radioc using five or six tubes, deterioration
is an unimportant consideration. ~However, in the case of aircraft
equipment or military electronic equipment in general, the loss of re-
1iability would be intolerable. Therefore, as a first step in the-
design of series heater strings, it is important to provide for a
dropping resistor whenever four tubes having a 6.3-volt heater are
connected in series across a 27.5-volt babttery. This has been stand-
ard practice in commercial airline equipment for many years, but has
been introduced in military alrcraft equipment only in the last few
years,

When the heaters of tubes are connected in an arrangement such
that the rated supply voltage is equal to the design-center heater-
voltage, proper cathode temperature is assured -- provided the heater
supply does not vary beyond the limits specified.

Under the constant-current conditions of a series string, heater
current becomes quite critical, since the steady-state distribution
of heater voltage is determined by the hot-heater resistance of the
individual tubes. For example, a tube having lower than normal hot-
heater resistance (high heater current at rated heater voltage) will
receive less than its rated heater voltage when placed in a series
string. ‘Likewise, a tube having a high hot-heater resistance'(low
current at rated heater voltage) will receive more than its share of
heater voltage. The situation is further aggravated by the fact that
string current is dependent upon the spread of the average heater cur-
rent of the tubes composing the string. As a result of these factors,
values of heater power and cathode temperature which are beyond rec-'
ommended operating limits are possible., Variations in heater power
will naturally occur with constant voltage circuitry. However, the
range values normally encountered are less than those found in cir-
cults uslng series strings.

2.,4,1 Development of Composite Operating Curves

Figure 29 is a composite heater voltage-current characteristic
curve as shown in the Sylvania Technical Manual for 450-mA subminia-
ture tubes and will aid in the analysls of series string condition
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4
and enable prediction of approximate operating points or power inputs
of individual tubes in a four-tube string for line voltages between
22 and 28 volts. The center value of 25 V and the range of 22 to
28 V used in this figure are shown to indicate the wide range of var- -

iations possible. The same reasoning and technique used here can be
applied to a center value of 27 V with a range of 25 V to 29 V.

Referring to Figure 29, the heater voltage-current curve for a
bogie tube, by nature of its designation, passes through 450 ma at
100 percent rated heater voltage. The curves for low and high current -
limit tubes are parallel to, but displaced from,the bogie curve as
determined by the heater current limits, 420 mA and 480 mA, at 100
percent rated heater voltage. The characteristics of other than bogie
tubes will, therefore, be represented by a family of curves, which
parallel the bogile curve, ranging between the limilt curves.

The maximum range of string current at rated line voltage is
dependent upon the heater current production limits, since the string
current range cannot be greater than the heater-current spread of the
tubes composing the string. String currents at high and low line con-
ditions, Figure 29, are based on predetermined supply-voltage limits o
and strings composed of only high- or low-current limit tubes.

The total enclosed area -of Figure 29, therefore, represents the
maximum possible theoretical operating conditions between low and high
line, divided as shown. A tube may possibly operate from 73-130
percent rated heater power at rated line conditions, or 57-153 percent
at low and high line. These condltions, however, are extremes, since
the current of the tube in question must be at one 1limit and the string
current at the other limit; and the string current could not be at the
top limit if one of the four tubes were at the opposite limit. </

2.4.2 Probable Operating Conditions of a Four-Tuba String

Statistical analysis indicates that 95 percent of the typical
subminiature tube production is within * 4.45 percent of the design
center heater current rating, * 20 mA for 450 mA types. (Top and
bottom boundary lines of areas A, B and C, Figure 29). As a result,
the string current for 99.7 percent of the probable combinations of
tubes of an arbitrary four-tube string will be within * 3.33 percent
of the rated value, * 15 mA for a string composed for 450 mA types.
This probable range of string currents is represented by the vertical
boundaries of areas A, B and C, Figure 29. Areas A, B and C, then,
represent the probable areas of operation at rated (25v ), low (22V),
and high (28 V ) line conditions. It should be noted that areas of
crossover (X, Figure 29) appear between areas A, B and C. These areas
must also be consildered as areas of probable .operation since areas’

B and C will slide through area A as the line voltage changes.

2.4,3 Comparison with Constant Voltage Operation

It was previously stated that the steady-state heater power var-
iations in a series string may be in excess of those encountered in a
constant-voltage arrangement. Let us consider the probable maximum
heater power variation of 450 mA types at heater current limit con- -
ditions of + 20 mA (represents at least 95 percent of' production),
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when operated from a 6.3-volt line, Assume also, that the line
voltage variation is comparable to that shown for the four-tube string,
+ 12 percent. Reference to Figure 29 indicates that the low limit
operating curve (430 mA) corresponds to the upper boundary of areas

A, B and C. Therefore,at low line conditions, 88 percent rated volt-
age, the heater current will be approximately 397 mA and the resultant
heater power approximately 78 percent rated value. Substitution of
the upper current limit and high line conditions 1ndicates a probable
operating range of 78 to 125 percent rated heater power. The corres-
ponding range for a four-tube string is 67 to 138 percent rated value,
or 24 percent greater.

2.4.4 Application of Composite Heater Voltage-Current
curves

To determine the operating point of a tube on the composite
curves, Figure 29, the string current at rated line voltage and the
heater current of the particular tube at rated heater voltage must be
known. This heater current value will determine which curve of the
family of heater voltage-current curves, will be used. The operating
point of this tube is then determined by the intersection of its curve
with the vertical line representing the string current. Assuming lin-
earity of the heater voltage-current characteristics, operation along
the curves is described by the equation:

I =1Ip - KEp + KEg (1)
or
I - Ip + KE
Et S ..____.f____f (2)
X
where

H
]

heater string current in mA

If = heater current at rated Ef in mA

Ep = rated heater yvoltage in Volts
E, = applied heater voltage in Volts
X = 42.9 mA/V. for 450 mA types

27.8 mA/V. for 300 mA types
13.6 mA/V. for 150 mA types.

The above treatment has considered only the steady state condi-
tion., If the transient conditions (when the heater power is turned
on) were considered, a much more complex situation would appear, in
which the heating time of the individual heaters would have to be
considered. In fact, since all electron tube heaters are made of pure
tungsten wire and are operated at a temperature in the neighborhood
of 1500°K, the temperature coefficient of resistance of the tungsten
wire is such that the resistance of the heater when cold is approxi-
mately seven times smaller than the resistance of operating temperature,.
The conditions obtained in case of different heating time can be visu-
alized by making the simplifying assumption that one tube 1s already
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16 fully heated while the other

in a two-tube string is still

completely cold. In such a

case, the voltage in the series

12 string would be distributed in

proportion to the resistance of

the heaters; that is, only ap-

proximately one-seventh would

8 o~ be applied across the cold tube

— | while six-sevenths would be

it e X e applied across the hot tube.

For a 12.6 V string this would

> mean 10.8 V applied to the hot

tube instead of 6.3 V. Also

o the current will be one and

] | 2 3 4 i 6 7 8 9 10 three-quarters times the normal

TINESSEC) st operating current, The power
FIGURE 30 applied to the warm tube while,

HEATER VOLTAGE-TIME the cold tube is warming up
CHARACTERISTICS OF INDIVIDUAL TUBES  w1ll be three times more than
IN AFOUR TUBE STRING the rated power.

14
i4

TYPE
10 A

HEATER VOLTAGE

i
\

\

\
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2.4,5 Transient Conditions

The transient condition is shown in Figure 30 for a four-tube
string. It is possible to avoid this transient phenomenon by using
in the series only tubes that have either identical or very similar
heaters. The commercial applications have developed heaters that are
controlled within narrow margins for warm-up time characteristics.,
These have not been made available as yet in military.preferred tube
specifications, but there i1s no reason why they should not be requested
when the application warrants 1it.

'E‘ 2,4,6 The "Honeycomb" Connection

In some complex electronic equipments, two or more series heater
strings have been tied together by connecting points of equal potential
between the strings in a "honeycomb" arrangement. This is done to
compensate for the variability of heater current in different tubes.

It is self-evident that, when more than one tube 1s connected in par-
allel in each section of a series string, the total current will be
the sum of the individual currents, and the voltage drop across the
parallel arrangement will be given by the over-all average.voltage
drop of the various tubes.

In military electronic equipments, the honeycomb arrangement is
frequently a source of unreliable performance, If one tube happens to
burn out and the failure is not detected until several hours of opera-
tion have elapsed, the falled tube unbalances the heater strings in
such a way as to apply an over-voltage to all other tubes in parallel
with it. This over-voltage usually produces a much faster rate of
deterioration in the tubes concerned -- deterioration which may not be
detected at the time the burned-out tube is detected, and which will
cause additional malfunctions in later periods of operation. The con-
dition is particularly damaging to equipment reliability if mainte-
nance personnel cannot understand the nature of the interactions
taking place within the equipment.

4o
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2.5 Warm-Up and Operation Time

In some electron-tube applications, 1t 1s necessary to reduce to
a minimum the time between the applicatilon of power and the operation
of the equipment at full power, This time 1s usually relatively long
-~ about one-half minute -- because of the lag in the heating of the
indirectly heated cathodes generally used in electron tubes.*

Before proceeding further, it is important to note that "warm-up"
time and "operation" time are two entirely different tube characteris-
tics.** "Warm-up" time 1s that time required for a heater which is
originally at room temperature to reach 80 percent of its rated volt-
age after four times the rated voltage 1s applled to the heater in
series with a fixed resistor. The value of the resistor 1s three times
the value of the hot reslstance of the heater,

"Operation" time is usually defined as that time required for a
tube which 1s originally at room temperature to reach a specified pro-
portion (X) of its stabllized plate current. The stabilized plate
current 1s usually that value reached after three minutes of operation
(two minutes according to another definition). The specified propor-.
tion (X) has not been standardized and may vary from 80 to 98 pércent.
Another definition requires that plate current be measured 20 seconds
after power 1s applied. Tubes .are accepted 1f their plate current
exceeds 80 percent of the three-minute value.

It is instructive to examine in detall the mechanism of operation
of the heater inside the cathode of an electron tube to understand
more completely the limitations in the operating time of a circuit
involving tubes.

The heater wire of most recelving tubes is made of pure tungsten,
the only metal avallable in commercial quantlities that can stand the
high operating temperature attained (about 1500°K) without apprecilable
deterioration, Tungsten has a temperature coefflclent of resistance
of such value that at room ambient temperature, the actual resistance
of the heater 1s approximately one-seventh the resistance at operating
temperature.

The phenomenon described above helps to minimize warm-up time.

In fact, 1f the source impedance of heater voltage 1s negliglble, the
power heating the cathode 1n the first instant of operatiocn 1s seven
times the steady-state power. In a typical receiving tube (in which
heater current reaches a steady-state value after five seconds), more
than three times as many calories are absorbed by the heater-cathode
assembly in the first five seconds as in any subsequent five-second
interval,

# Some rather interesting approaches to the deslgn of heater-cathode
systems, in which the reduction of operation time 1s the major ob-
Jective, are discussed in the series of reports, The Feasibility
of Quick Warm-Up and Stabilization of Heater-Cathode Type Recelving
Tubes, (Raytheon Manufacturing Company, Newton, Mass., Contract
ﬁGBsr—72718). These reports describe several structures capable
of less than five seconds operating time.

## Thomas H., Briggs, Electron Tube Operation as Influenced by
Temperature, WADC Technlcal Report 56-53, January 1956.
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In tube type 5654, 4.5 calories are absorbed in the first five-
second interval, 1n contrast to 0.25 calories per second in the steady
state., The distribution of this energy is also interesting. Only two
calories are needed to bring up to steady-state temperature the vari- v
ous parts of the assembly, such as the heater wire, the heater insula-
tion, the nickel sleeve, and the emission coating of the cathode.

Radlatlon absorbs very little of the energy in the first five seconds

-- about one-half calorie -- the balance being dissipated through con-

duction by the mica and the cathode tab to the surrounding parts of n
the tube. Considering the fact that there is better thermal contact

between cathode, mica, and tab than there is between heater and cath-

ode, 1t 1s easy to understand the delay of 15 or 20 seconds between

the applicatlon of voltage to the heater and the time when the cathode 5
reaches operating temperature. In fact, all other factors being con-

stant, heating time depends on the contact between heater and cathode.

The shortest time is obtalned with double hellx heaters in which there

is almost continuous contact between the cathode sleeve and the turns

of the heater, The longest time occurs with short, folded heaters

which fit very loosely in the cathode and therefore make only a few

contacts with the cathode sleeve, W

A few typical distributions of operation time are shown in

Figure 31. It 1s important to notice that when operation time is not
controlled, the distribution tends to be decidedly skewed, with a small
percentage of tubes having very high values compared to the bulk of the
population. In view of the harmful effect even these few tubes could
have 1in equipments in which operatlon time seriously affects the opera-
tion of the equipment, 1t is important that specificatlons contain lim-
its on this characteristic.

It 1s also important to analyze suggested methods for shortening
operation time, and to consider the possible disadvantages -- for ex-
ample, reduction in reliability -- which might accrue from adoption
of various methods. The advantages and disadvantages of several tech-
niques which have been used are discussed following a brief description
of the tube characteristics which are affected by the full steady-state
temperature of the cathode.

. As indicated elsewhere, temperature 1s needed for obtalning full
saturation emission from the cathode. Full saturation emission in
turn, produces two effects -- 1t locates the space charge at its max- \
dmum distance from the cathode, and it produces the maximum grid equiv- o
alent voltage due to initlal electron velocity. The characteristics
affected by these two phenomena are the ones associated with grid-to-
cathode spacing and grid blas -~ that 1s, plate current, plate resist-
ance, and transconductance. The amplification factor and the cut-off
current are practically unaffected. Hence, a circuilt based on these
characteristics will come to full operation in a much shorter time
than a circult depending upon transconductance for its operation. Also,
a circuilt which can operate on, say, half the rated plate current will
come to full operation in less time than a circuit which needs full
rated plated current for proper operation. In the latter type of cir-
cuilt, the space charge reaches nearly maximum position when the sat-
uration current has a value approximately 10 times the value of the
space current used, while in a tube 1n the usual circult the satura-
tlon current reaches final values between 100 and 500 times the value
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of space current. Conversely, the higher the saturation emission
(that is, cathode activity), the shorter the operation time will be.

The first and most logical method of shortening operation time
is to apply higher heater voltage for the first few seconds of opera-
tion. The higher power supplied to the assembly decreases operation
time directly, because equilibrium temperature is reached as soon as
the proper amount of energy has been accumulated in the various compo-
nents. The desired effect can be achleved by properly programming the
application of heater voltage, or by feeding the heaters through a
resistor having the proper time-resistance characteristic.

The major disadvantage of this method derives from the fact that
the heater already dissipates a much larger than rated power in the
first few seconds after the start of operation (as was explained pre-
viously); hence, the chances of heater burn-out due to uneven heating,
to a non-uniform cross-section, or simply to brittle spots in the crys-
tal structure of the heater wire, are multiplied.

Because of these disadvantages, the programming of heater voltage
may be superior to the method involving the series resistor, because
the former method permits a limitation of the maximum current drawn
initially and the retention of a high current for a longer period of
time after the initial surge. The chances of burn-out produced by
high current density are thus decreased.

Since the two methods described above require the application of
voltages exceeding present maximum specifications, the tube manufac-
turers should be given the opportunity to assure the 1life of tubes thus
treated. If necessary, the manufacturers should establish a test to
determine the number of cycles of over-voltage which the tubes can
stand and still provide acceptable quality.

Another method used to decrease operation time 1nvolves\the ap-
plication of direct-emission, filamentary-type tubes throughout the
equipment. Such tubes are employed in proximity fuses and in milltary
equipments whose reliability is very high 1n spite of a severe mechan-
ical environment. For these reasons, direct-emission filamentary-type
tubes cannot be dismissed lightly as being unsuitable for use in com-
plex equipments.

The fact that filamentary tubes are thought to have lower perform-
ance than heater-cathode tubes may explain their lack of popularity.
Actually, if transconductance per unit heater or filament power 1is used
as the criterion of performance (rather than transconductance per tube),
the filamentary-type tubes are far superior. They should be considered
for use in applications where supply power is at a premium, as in
gulded missiles.

Another important reason for the unpopularityof filamentary-type
tubes is the difficulty of isolating the cathode from ground, as can
be easily accomplished in cathode-type tubes. However, by isolating
transformers or other simple devices, especially in relatively simple
equipments, the isoclation of cathode from ground can be achleved with-
out much effort.

An instructive comparison can be made by examining the character-
istics of two tube types -- 5840 and 5678. Direct comparison of
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transconductance (5,000 versus 1,100 micromhos) would certainly favor
tube type 5840, especially for applications requiring transconductance,
However, the ratio of transconductance to heater power (5,300 versus
17,600 micromhos per watt) and the ratio of transconductance to cath-
ode power (4,150 versus 7,150 micromhos per watt) are superior in tube
type 5678, and would make this type more suitable for applications in
which power supply requirements are-important. The operation time of
tube type 5678 is less than 1 second, while that of tube type 5840 is
about 20 seconds. In any equipment requiring less than 15-second op-
eration time, it would be unrealistic to expect such performance from
present-day cathode-type tubes unless they were pre-heated by some
method such as the application of heater voltage immediately before

use,

2.6 Heater-Cathode ILeakage

The 'low of current between heater and cathode in electron tubes
1s a well determined phenomenon upon which most specifications place
a maximum limit between 5 and 20 microamperes, depending on the tube
t/pe., It 1s a problem which must be dealt with in circuit design,
especially in high-impedance circultry in which the input circuit to
the grid is connected with the heater-cathode circuit.

The insulation between heater and cathode consists of a thin
coating of pure alumina, which has‘extremely high resistance even at
the operating temperature of the heater., This coating is usually made
extremely porous in order to obtain a good bond between the tungsten
of the heater wire and the aluminum oxide used in the coating -- a
bond that will hold even when the heater is bent, or when it is heated
or cooled in relatively frequent cycles, The difference in the expan-
sion cocefficients of the two materials produces cracking of the insu-
lation and peeling of the coating when the latter is too compact. Be-
cause of the porosity of the coating material, there is a possibility
of contamination of the insulating body by foreign materials. This
contamination may reduce the resistivity of the insulation or produce
ionic or electronic emission between heater and cathode. Contamination
and consequent leakage may not be present upon initial inspection of
the tube, but may develop at any time during subsequent operation.

Metallic vapors and ions can easily be present at the operating
temperatures used. The electric field and the emission of electrons
can produce further ionization, and migration of ionized metals can
cause metallic deposits to occur in the body of the insulator. After
a period of time, heater-cathode leakage currents will be produced as
a result of (a) ion conduction through contaminated alumina, (b) elec=-
tron emission, and (c) positive or negative ion emission.

The®heater-cathode current produced by the above three phenomena
bears a decidedly non-linear relationship with the voltage applied.
The current usually saturates at a very low voltage, as shown in
Figure 32. All the currents shown in the figure are produced by impu-
rity phenomena and are strongly temperature-dependent -- that is, they
vary with heater voltage in the manner shown in Figure 33.

From Figure 33- it can be seen that if the center value of heater

temperature variles from tube type to tube type, the characteristics
of heater-cathode leakaye arc displaced to the right or to the 1left,
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Hence; the effect of a given difference in temperature can be greater
or less than the effect shown in the flgure. In an ARINC test, 1t was
found that a change of 50°C in the temperature of the heater could
cause a change in heater-cathode leakage current which varied from a
ratio of 3-to-1 to a ratio of 50-to-1 in different tube types. This
range of variation indicates the degree of care which must be taken

by the circuit designer whenever there is interaction between input
and heater-cathode circuits,

If interaction is inevitable, several precautions can be taken:

(1) Since any decrease in the operating temperature of the
heater will be beneficial, heater voltage should always
be set at the minimum value compatible with other cir-
cult requirements.

(2) 'W@enever a common impedance is connected between cathode
and grid, adequate bypasses for the frequency of the
heater supply should be used.,

(3) The heater supply voltage should be grounded as close as
possible to its electrical center value, either by means
of a center tap in the heater winding or by means of a
center-tapped resistor-potentiometer connected across
the heater terminals.

(4) 1In extreme cases in which there is no possibility of
bypassing -- for example, when negative feedback, un-
bypassed cathode resistors are used, or when the signal
level is very low -- dc heater supply should be used.

(5) A method of decreasing leakage current can be inferred
through inspection of Figure 32. If ad-c bias is
applied between heater and cathode so as to bring the
current characteristics beyond the saturation point
to the flat region of operation, variations in voltage
at supply frequency will produce currents of much
lower amplitude than would occur if no'bias were applied.

The d-¢ heater-cathode bias must be well within the rating of the
heater-cathode voltage and must be positive (heater positive with
respect to cathode) in order to avoid the possibility of embrittling
the heater wire, Embrittlement of the heater wire has not yet been
adequately explained, but appears to occur in tube types using nega-
tive bias. The effect seems to be produced by migration of metallic
ions from the cathode to the heater. These metallic ions alloy with
the heater material to produce a very brittle heater which will open
under mechanical or electrical shock.

In conditions very similar to those described above, heater-
cathode leakage may produce actual arc discharge between heater and
cathode and complete ‘destruction of the tubes. This phenomenon has
been observed in almost all rectifiler types that have a heater-cathode
structure. This group of rectifier tubes usually has a heater-cathode
voltage rating equal to the maximum d-c voltage rating obtained from
the supply. Such a rating is not in line with regular receiving-tube
ratings and does not indicate the actual capability of the tubes. In
fact, in these rectifier tubes, the field between heater and cathode
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is more than twice as high as the field obtained in regular recelving

tubes at maximum ratings. The conditions in the heater-cathode space

are worse for rectifier tubes than for receiving tubes because of the

fact that the voltage applied to rectifiers has very low source imped-
ance.

The heater-cathode voltage rating has been dictated by the re-
Qquirements of circuits in which the rectifier heater is fed by the
same transformer winding that feeds all the other heaters in the equip-
ment. In such circuilts, the heater winding has to be grounded while
the cathode is at high positived-c potential, This arrangement saves
a few pennies in the construction of the transformer, but the saving
is accompanied by too many disadvantages to be worthwhile in the pro-
duction of military equipments. In military equipments, a properly
insulated transformer winding should be provided for the rectifier
heater supply alone, so that the stresses can be transferred from the
heater-cathode space to the insulation between the windings. Clearly,
it is much easier to design a wide margin of safety into a transformer
winding than into the small space between heater and cathode in a vac-
uum tube. The high heater-cathode voltage rating of rectifier tubes
should not be used if high reliability is of prime importance.

2.7 Parallel Operation of Electron Tubes

Extensive field experience with electron ‘tubes has made apparent
the necessity of exerting due caution in the design of power-supply
rectifiers, seriles-pass circuilts, and power amplifiers requiring the
parallel operation of electron tubes to obtain the necessary plate
dissipation,

Theoretically, if one tube willl handle 5 watts, two tubes of the
same type connected in parallel should each be able to handle 5 watts.
Unfortunately, since few-tubes are "bogie" tubes, it is rare that a
10-watt load would be divided equally. It has been found in practice
that one tube will carry more of the load than the other and will fail
before the other. The remaining tube will, of course, fail shortly
after it has been subjected to full load.

In addition to the:load-dividing problem mentioned above, there
have been numerous cases of paraslitic oscillations which cause
parallel-connected tubes to exceed dissipation ratings. To avoid both
problems, the following precautions should be taken:

(1) Employ tubes weil below their ratings, particularly
when fixed bias is used. If necessary, use extra
tubes for conservative design.

(2) Where possible, use individual degenerative resistors
for each tube. These resistors may be of the order
of 50 o 100 ohms, and should be placed in the plate
and screen circuits, In many applications, individual
cathode-bias resistors may suffice.
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(3) The small resistors mentioned above are also effective
in suppressing UHF parasitic oscilllations if care is
taken to mount the resistors close to the tube sockets
with very short leads. Occasionally, small RF chokes
designed to be effective for the frequency range of the
parasitic oscillations, will be effective suppressors
if inserted in the individual plate or grid circuits.
The chokes should be mounted close to assoclated cir-
cuit parts with very short leads.
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3. APPLICATION DATA ON 20 TUBE TYPES COVERED IN MIL~-STD-200D

3.1 General Information

This part of the Appendix gives specification and application
data for 20 receiving tubes which appear on the MIL-STD-200D pre-
ferred tube list. Twelve of these tube types did not appear on the
MIL-STD-200C list and therefore were not covered in the 1958 edition
of the handbook, Techniques for Application of Electron Tubes in )
Military Equipment.* The other eight tube types appeared on the list
and were covered in the handbook. They are also treated here because
more up-to-date information on thelr behavior has since become availl-
able.

MIL-STD-200 lists preferred types of electron tubes that have
been selected jointly by the Army, the Navy, and the Air Force to fill
the majority of equipment applications. The purpose of the standard
1s two-fold:

(a) To guide military equipment designers and manufacturers
in the choice of tube types which represent the highest
quality available for military use;

(b) To provide for a minimum stock of tubes for use by
maintenance personnel, by making extensive use of a
minimum number of tube types.

The current list of tubes lncluded in MIL-STD-200D is given in Tablel.
However, reference should always be made to the most recent issue of
the standard, since it 1s subject to periodic revision.

The controls given in Military Specification MIL-E~1 are intended
to provide assurance that the equipment designer using electron tubes
can expect comparatively uniform initial characteristics, relatively
stable characteristics throughout 1life, and a high level of attribute
quality. It follows that there is no assurance of satisfactory oper-
ation when tubes are used under conditlons which are incompatible
with test conditions and ratings set forth in this specification. Both
the quiescent operating point and the dynamic operating requirements
must be considered in relation to these ratings.

Specification data which are applicable to the receiving-type
tubes listed in MIL-STD-200D are presented in Tables 1 and 2. Tabk’
includes a summary of specification controls and a list of proper
which are subject to variables testing. Table 2 lists a number o
specification changes affecting ratings and acceptance tests of 5
the 56 tube types treated in the original handbook.

¥ Military Handbook No. 211, U.S. Government Printing Office,
Washington, D.C., December 31, 1958 (Price $3.25).
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TABLE 1
TABLE 1-CHARACTERISTICS OF MIL-STD-200D RECEIVING TUBES
‘ MIXERS AND CONVERTERS

Technical Characteristics
Pp Pg2 Max.
Designation| Size Ef If Gm Ik Max. | Max.| Ib |Ic2 Altitude
5636 Submin. 6.3 | 1503200 16.0 | 0.55| 0.45]| 5.3 |4.1 60,000
5725/6AS6W| Min. ° 6.3 | 175132001 20 1.65 | 0.55} 5.5 |35 60,000
5750/6BE6W| Min. 6.3 | 3001 500]15:5 | 1.1 1.1 |.2:5 176 60,000
5784WA Submin. | 6.3 | 200 | 3200 | 20 079 1 036 | 9+2 13.2 60,000
POWER OUTPUT TRIODES
Technical Characteristics
Fp | Ehk
Designation| Size Type | Ef If | Gm Mu | Max. | Max. | Ib Ik Altitude
5687WA Min. Twin 6.3é 880]11500(18.5 | 3.75| 100 | 36 65 60,000
i 12.
6080WA Octal| Twin | 6.3 |2.54] 7000{ 1.7 | 13 | 300 | 125| Not 60,000
C listed
POy QUTPUT P&
Pp Pg2 Hax.
Designation|Size Type Ef | If Gm Ik Max. Max. {Ib |Ic2 Altitude
2E30 Min. 3/6] 600 | 4250| Not 4 10 2.5 60 |5.5 10,000
liste
3BL Min. 1.4/] 165 | 185Q| Not 3 1.1 |25 {6.2 10,000
2.8 listed .
vk Min. 1.4/] 100 | 2150 13 Not Not [}9.5(2.2 10,000
2.8 i . listed|listed
6AG7Y Octal [Video Amp | 6.3] 650 [L1700| 95 - 9.0 1.5 (30 |6.5 10,000
6ANSWA Min. Video Amp 6.3 450 | 8500} 55 L,6 1+55 133 111 60,000
6BGHG Octal [Deflection| 6.3} 900 | 6000] 110 25 3.5 [110f 4 10,000
Amp
6L6WGB Octal 6.3| 900 | 6000| Not " 26 3.5 65 2.5 10,000
liste
5639 Submin 6.3 450 | 9000| 40.5 | 3.5 3.5 |21 |40 60,000
5672 Submin 1.25] 50 650| 5.5 Not Not |3.1}.95 10,000
listedjlisted
5686 Min. 6.3] 350 | 3300| Not 8.29 3.3 :]28 3.5 Not
) listed listed
5902 Submin. 6.3} 450 | 4200| 50 3.7 0.4 EO 2.0 60,000
6005/6AQ5W | Min. 6.3 450 | 4L100| 65 11 2.2 5 {4.5 60,000
609 Min. 6.3] 150 | 4100| 75 12.5 | 2,0 |45 |3.5 60,000
6088 Submin) 1.25| 20| 560| 125 | mot~ | Not |675]150 10,000
: listed|listedjua jua
6384 Octal Beam 6.3] 1200] 5400 | 125 30 3.5 77 3.5 60,000
RECTIFIERS
Full or Max. Peak | Max. Avg. Max.
Designation Size Half Wave Ef I7 Inverse V I Altitude
1B3GT Octal Half 1.25] 200 33,000 2.2 10,000
122 Min. dalf 1.25] 200 15,000 LeH 10,000
SR4WGA Octal Full 5.0 | 2.04} 2,900 190 %0,000-
0,000
SY3WGTA | Octal Full 5.0 | 1.8 1,550 140 65,000
5641 Submin. Half 6.3 | 450 77 50 60,000
6203 Min. Full 6.3 | 900 1,250 500 60,000
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TABLE 1- CHARACTERISTICS OF MIL-STD-200D RECEIVING TUBES (Cont'd)

DIODES

Technical Characteristics
: Max.
Designation| Size Type Bf If(ma) Io/p ib/p | Ehk Max. | Altitude
143 Min. Single | 1.4 150 .55 5.5 100 10,000
5647 Submin. Single | 6.3 150 10 1453 360 60,000
5726/6AL5SW Hin. Twin 6:3 300 10 60 360 60,000
S829WA Subnmin. Twin 6.3 150 55 33 360 60,000
5696 Submin. Twin 613 300 10 60 360 60,000
6110 Subnin. Twin .§.3 150 L.y 2655 360 60,000
TRIODES
Technical Characteristics
Ehk Pp
Designation| Size Type Ef Lt Gm Mu Max. |Max.| Ib Altitude
6CLHAA Min. Single 6.3 150 2200 i llot 3:8 16«5 10,000
listed
57034WA Submin. | Single 6.3 | 200 5000 25 100 3+3 9.6 10,0G0
5703WB Submin. | Single 5.3 200 5000 |25.5 100 1.35] 9.4 Not
s listed
5718 Submin. | Single 6.3 150 5800 27 200 (0.9 |[22.0 60,000
5719 Submin. | Single | 6.3 150 1700 | 70 200 }0.10]| 3.3 60,000
S74LwWA Submin. | Single 643 200 4000 70 200 Tel 4,2 60,000
744 4B Submin. | 3ingle 6.3 200 4000 70 200 1.3 4,2 60,000
6222 Submin. | Single | 6.3 | 175 | 1700 | 70 2000 1043 | 10:7 80,000
6533 Submin. | Single | 6.3 200 | 1750 Sk 2000 0.5 | 2.5 60,000
3A5 Min. Twin 1.4/ | 220 w| 2800 15 Not 1.0 {12.5 10,000
2.8 1.4V listed .
12AT7WA Min. Twin 6.3/ | 150 5500 | 60 Not 2.8 |10.0 10,000
12.6 listed
5670 Min. Twin 6.3 | 350 5500 | 35 1000 [1.35| 8.2 60,000
5751 Min. Twin 6.3é' 175 1200 70 100 0.8 1.0 60,000
12. .
57955 Min. Twin 6.3é 360 1550 | 70 75 11.0 2.1 10,000
12.
581kA Min., Twin 6.3é 175 | 2200 |17.0 100 |3.0 {10.5 60,000
i 12. ;
6021 Submin. | Twin 6.3 | 300 5400 | 3% 200 (0.7 22 60,000
6111 Submin. | Twin 6.3 | 300 5000 | 20- 200 }0.95} 22 60,000
6112 Submin. | Twin 653 300 | 1800 | 70 200 |0.10{ 3.3 60,000
PENTODES
Technical Characteristics
Ehk Pp Pg2 Max.
Designation|Size Cutoff|Ef If |Gm Max. Max. Max. Ib Ic2 lWltitude
5749/6BA6W | Min. Remote|6.3 |300] 4400 | -100 33 0.7 11.0[ 4.2 | 10,000
5899 Submin.| Remote|6.3 |150f 4500 200 075 035 7.2 2.0 | 60,000
6206 Submin.| Semi- {6.3 |150| 4500 | 200 1sl 055 7.2 2.2 | 80,000
Remote ’
LADY Submin.| Sharp |1.25|100]1850 | Not Not Not 3.0} 0.9 | 10,000
3 . listed|listed|listed
1AHY Submin.|Sharp [1.25| 40| 750 | Not 0.3 0.1 .7] 0.20} 10,000
listed
6AH6 Min. Sharp {6.3 |450] 8500 90 3.3 0.45 9.5 2.25|10,000
6AUGWA HMin. Sharp |6.3 |300]5200 | 100 3.3 0.7 10.6] 4.3 | 10,000
5654 /6AK5v | Min. Sharp [6.3 |175] 5000 130 165 0+5% 7.5 2.5 | 60,000
5702WA Submin.|Sharp |6.3 [200| 5000 200 0.9 0.3 7.5 2.6 |60,000
5702WB Submin.|Sharp |6.3 |200}| 5000 200 1.1 0.k 7.511Not 60,000
isted
5840 Submin.|Sharp |6.3 [150] 5000 200 - 0.80 0.35 7.5 2.5 | 60,000
6205 Submin.|Sharp |6.3 |150} 5000 200 0.8 0.35 7.5] 2.4 | 60,000
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TABLE 2

SPECIFICATION CHANGES AFFECTING RATINGS OR ACCEPTANCE TESTS FOR TUBE TYPES COVERED IN 1958 EDITION OF

MIL HDBK 211, "TECHNIQUES FOR APPLICATION OF ELECTRON TUBES IN MILITARY EQUIPMENT

Tube Type Inspection Item 0la New
5726/6AL5W Specification TA - 3 May 54 7B - 30 Nov. 56
Bulb Temperature 140°C 165°¢
Altitude 10,000 ft. 60,000 ft.
Operation Current (Initial;
end of 1ife 1limits removed) ——— 20 mAde Max
Emission .
500-hr, life test ———- 35 mAde
1000-hr. 1life test — 30 mAdc
Heater-Cathode Leakage
Initial 10 pAdc Max 5 pAdc Max
Life Test 20 pAdc Max 10 pAde Max
5750/6BE6W Specification QA - 26 Dec. 56 No change
Conversion Transconductance 2
500 Hours ——— 2504 mhos Min; 700 Wmhos Max
1000 Hours ———— 230 mhos Min; 700 pmhos Max
Grid Current Ie3
Initial ———- -1y Ade Max
500 Hours —— -1y Adc Max
1000 Hours -—— =1y Adc Max
5T51 Specification 10 - 13 June 53 10A - 30 Nov. 56
Heater Voltage 3 V+10% 6.3 .6V
12 6tho¢ 12,6+1.3V
Control-Grid Voltage -50 Vde Min -55 Vdc Min
Control-Grid Series Resistance
per Section ———— 0.5 Meg
Altitude 10,000 ft. 60,000 ft.
Heater-Cathode Leakage
Initial 10 p Ade 7 1 Ade
500 Hours 10 pAde 7wAde .
1000 Hours 10 p Ade T wnAde
Change in Amplification Between
Sections — +15%
5899 Specification 97C - 23 Jan, 55 97D - 22 Oct. 57
Plate Dissipation 0.85 W 0.75 W
Screen Dissipation 0.35 W 0.25 W
Capacitance C-in 3.8uw f Min; 4.8upf Max 3.5kK £ Ming 4,5uKf Max
6005/6AQ5W Specification 13A - 20 May 53 13B - 30 Nov. 56

Heater Voltage

Control-Grid Voltage

Plate Dissipation
Control-Grid Series Reslstance

Cathode Current
Control-Grid Current
Heater Current

500 Hours

1000 Hours
Power Output (1)

Initial

500 Hours

1000 Hours
Power Output (Change with Ef)

Initial

500 Hours
Capacitance

Cglp

C-in

C-out
Grid Current

Initial

500 Hours
Grid Emission, Initial
Heater-Cathode Leakage

6.3 V 108

13.2 W

490 mAde
490 mAde

3.4 W Min
2.3 W Min
2.1 W Min

3.2 Min (EI‘-SSV)

0.7up £ Max
6.6 upf Min; 10p pf Max
6.0upnf Min; 9pupf Max

-2,0 pAde Max
-4,0 pAdc Max
-2,0 pAde Max

6.3%0.6 V

0 Min; -55 Vdc Max

11,0 w

0.1 Meg (may be 0.5 Meg
if RT is used)

65 mAde Max

3 mAde Max

500 mAde
510 mAdc

3.6 W Min
Change in individuals, 15% Max
Change in individuals, 20% Max

15% Change Max for Ef = 5.7 V
15% Change Max for Ef = 5.7 V

0.8upf Max
6.6uuLf Min; 9.6RUf Max
6.0up £ Min; 11,04u £ Max

-1.0p Ade Max
-10 p Adc Max
=4,0u Ade Max

Initial 30 Ade Max 20u Adc Max
500 Hours 30 u Adc Max 20 Adc Max
Insulation of Electrodes ——inoe 50 Meg
500 Hours
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3.2 Types of Data Presented in Remainder of Supplement

Five types of application and specification information are pre-
sented on specific tube types: (1) essential information abstracted
from the current specification, including outline drawing, pertinent
ratings, and electrical characteristics; (2) permissible operating
areas outlined on the plate-characteristic curves; (3) product vari-
ability in electrical characteristics permitted by the specification,
outlined on plate-characteristic curves and, where possible, on trans-
fer characteristics; (4) life-test behavior in the form of histograms
of several important electrical characteristics, for either 500 or
1000 hours, as required by the individual specification; and (5) reli-
abllity functions derived from life-test data, showing survival char-
acteristics (with 95-percent confidence limits) for tubes failing
elither as a result of shorts or opens or as a result of deteriloration
as determined by specification end-points.

3.3 Life-Test Requirements

Current military specifications for rellable electron tubes re-
qulre that tubes be subjected to 1000-hour intermittent life tests,
unless the manufacturer can qualify for reduced-hours (500-hour) life
tests. The following three subsections describe regular life-test
requirements, requirements for reduced-hours testing, sampling plans
in current use, and the quality level guaranteed by specifications.

3.3.1 Regular Life-Test Requlrements for Rellable Tubes

Regular life tests are those which are conducted for 1000 hours,
with measurements belng made at specifled end-points of 500 hours and
1000 hours. Ordinarily, 20 tubes are randomly selected from each lot
for regular life testing. At 500 hours, approximately 7 electrical
characteristics are checked against speclfication'limits, and no more
than a total of 4 defective tubes are permitted, the maximum number
in any category belng 1 or 2 defectives, depending on the category.
At 1000 hours, approximately 5 electrical characterlistics are tested,
and no more than 1 or 2 defectlves per category are permitted, the
total number of defectives not to exceed 5.

Should the lot fall, a double sampling plan 1s 1Instituted -- that
18, the manufacturer 1s allowed to place 40 additional randomly
selected tubes on life test. At 500 hours the total number of defect-
ives from both test groups cannot exceed 8 tubes, and the defectlves
in any one category cannot exceed 3 or 5 tubes, depending on the cate-
gory., At 1000 hours, the total number of defectlves from both test
groups cannot exceed 10 tubes, and no more than 3 or 5 defectlves are
permitted in any one category, depending on the category.

3.3.2 Reduced-Hours Requirements

To permit manufacturers wlth good productlon history to ship
prior to completlion of the 1000-hour Intermlttent 1llfe tests (i.e.,
at the end of 500 hours), the specificatlions for rellable tubes usu-
ally require that lots be tested on a 1000-hour basis untll 3 consecu-
tlve lots have been accepted, at which time eligibllity for 500-hour
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A 1000-HOUR LIFE TEST, SINGLE SAMPLING PLAN
B 1000-HOUR LIFE TEST, DOUBLE SAMPLING PLAN
C  500-HOUR LIFE TEST, SINGLE SAMPUNG PLAN
<08 D 500-HOUR LIFE TEST, DOUBLE SAMPLING PLAN -
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FAILURE RATE IN PERCENT PER 1000 HOURS
FiGURE 34
OPERATING CHARACTERISTICS FOR TYPICAL RELIABLE RECEIVING-TUBE
LIFE-TEST SAMPLING PLANS; ALSO COMPARABLE LIFE-TEST DATA
TABLE 3
MAXIMUM FAILURE RATES PERMITTED BY RELIABLE-TUBE SPECIFICATIONS
Curve Description of Test Acceptable Failure Rate, Lot Tolerance Failure
in % per 1000 hours Rate,
in % per 1000 hours
A 1000-hr., single sampling 13 46
B 1000-hr., double sampling 14 46
c 500-hr., single sampling 20 80
D 500-hr., double sampling 22 80

MINIMUM SAMPLE SIZES REQUIRED FOR SPECIFIED ACCEPTABLE FAII!..URE RATE (AFR)
AND LOT TOLERANCE FAILURE RATE (LTFR) DURING 1000-HOUR LIFE TESTS
(Abstracted from MIL-S-19500B)

TABLE 4

Minimum Sample. Size Acceptable Failure Rate, Lot Tolerance Failure
(1 failure permitted) in % per 1000 hours Rate

. . in % per 1000 hours

9 4.2 50.0

4o 0.9 10.0

80 0.45 5.0

390 0.09 3.6

779 0.045 0.5

3,891 0.009 0.1
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testing 1s conferred. The 1000-hour life test is reinstituted
whenever 2 or more of the last 3 lots tested fail.

Even when reduced-hours testing is in effect, the first lot ac-
cepted each month must be life~tested for 1000 hours.

3.3.3 Quality Guaranteed by Current Specifications

In computing the maximum failure rates permitted by specifica-
tions, 1t has been assumed that tubes fall at a constant rate over the
period of the life test, even though i1t 1s known that most tube types
are likely to fail at an increasing rate as thelr age increases.*
There is little error in the exponential assumption for periods of
500 or 1000 hours if tubes have mean lives greatly in excess of 1000
hours,

Figure 34 presents the maximum failure rates permitted by speci-
fications, and includes typical data taken from recent life tests to
give a measure of comparison. The four types of Operating Character-
istic (0OC) curves are related to the four types of life tests listed
in Table 3. The Acceptable Failure Rate (AFR) is the quality level
which an average of 19 out of 20 inspection lots must meet in order
to be accepted. The Lot Tolerance Failure Rate (LTFR) 1s the quality
level for which the probability of lot acceptance is 10 percent, The
LTFR, therefore, gives a measure of the amount of consumer protection
which 1s afforded by the specification. "

The typical life-test failure rates shown in Figure 34 indicate
that the quality of current electron tubes is considerably better
than that required by the specification. On the other hand, the
sample sizes shown in Table 4 indicate that improvement of specifica-
tions to the point where a high level of quality were assured with a
high level of confidence would prove extremely costly.

3.4 Abbreviations and Symbols

Since the symbols and notations used in electron-tube specifica-
tions are somewhat different from those used in other standards em-
ployed in the elctronics industry, a list taken from the original
handbook is given here, For the most part, the symbols used in the
remainder of the supplement are those given in the MIL-E-1 specifica-
tion.

* See Publication No. 110, A Selection of Electron Tube Reliability
Functions, ARINC Research Corporation, January 8, 1958,

7
1



C

@)

€

)




MIL-HDBK=-211

APPENDIX-A

12 January 1960

MIL-E-1ID SYMBOLS

Abbreviations and symbols. For the
purpose of simplification, the following ab-
breviations and symbols are used herein and
on the tube specification sheets wherever
practicable.

A .eeeeeee.... Angstrom unit
A ............ Amperes (may be cither ac rms
or de)

Amperes (peak value) or anode

ac amperes (rms)

Attentuation constant

Alternating current

dc amperes

Acceptance limit for sample dis-
persion

AQL........... Acceptable quality level

Phase constant

Tuning susceptance

Velocity of light

Capacitance

Degrees centigrade

;.. Centibels

Cgk, Cgp, Tube capacitance between the elec-
Cpk, etc. ...  trodes indicated

CMsnsssnics Input capacitance

CKiveevanoniouns Capacitor between cathode and
ground

Load capacitance

. Centimeter

Output capacitance

Cycles per second

CRO ... . Cathode ray oscilloscope

B cesussises oue Center D

CW ccccssanivns Continuous wave

A (delta) ..... A change in the value of the in-
dicated variable. When ex-
pressed in percent the differ-
ence in readings is divided by
the initial reading and multi-
plied by 100

db Lol ania Decibels
D1234...... Deflection plates
de .............. Direct current
Deflection factor in volts per inch
ik <oooussunes . Rate of rise of cathode current
at pulse
L DT The product of time of pulse and .
pulse repetition rate (duty
cycle)
) . -, Dynode
BB s s Ballistic deflection

Eb,Eb1,2,3 .. dec voltage on respective anodes
or plates. In the case of multi-
plex tubes containing more than
one operating unit, the number
of the unit concerned is in-
serted between the voltage syme-
bol and the element symbol. For
ecxample, E2b, Elp, Elc2, ete.
The number of the unit is the
number of the plate in that unit

YOO S Peak de anode or plate voltage
Ebb ............ dc anode or plate supply voltage
Eb/Ib.cisvsss Adjust plate voltage to produce

the specified plate current
Ec,Ec1,2,3 .... de volta_ge on respective grids
Ece,Ecel,2,3 ac supply voltage to respective

grids

Ec/Ib .......... Adjust grid voltage for the speci-
fied plate current

EcOauun....... de cut-off grid voltage

ed ---eeeceenenes Voltage peak between anode No. 2

and any deflection plate in
cathode ray tubes

3 0% L de voltage of anode producing
secondary emission

Be wsssonses End-of-plateau voltage

1\ e Y Filament or heater voltage

Ef/Po ......... Adjust filament potential (with

other potentials held constant)
to reduce the power output ob-
tained on oscillation by the
amount specified

Egl,23 ..... rms value of ac component of
input voltage for respective
grids

[7:3 | SO Peak voltage drop between grid

and cathode

egy,egyl,2,3 Peak forward grid voltage.

[ SO, Peak inverse grid voltage

EhK .coeneneno. Heater-cathode voltage (sign to
indicate polarity of heater with
respect to cathode)

? 5T (SN . Ignitor voltage drop

j 07y SR dc component of output voltage of
rectifiers

EO............. Overvoltage for radiation counter
tubes

e Pulse amplitude

| D)o SR rms value of the ac component of

plate voltage with respect to
cathode
. ac anode or plate supply voltage
. Peak plate inverse voltage
Peak forward anode or plate for-
ward voltage.
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Reflector voltage

.. Reservoir voltage

.. Resonator voltage-

. dc emission voltage

Starting voltages for radiation
counter tubes

. External shield voltage

Shell voltage

Applied signal voltage

Target voltage

Average voltage drop between
anode and cathode

. Peak voltage drop between anode
and cathode

Ionization, breakdown, or striking
voltage

Filament

Frequency (in cps)

Maximum frequency above which
receiving tube performance de-
teriorates seriously and sharply

Maximum frequency at which
maximum ratings apply

| B Frequency at which maximum
) plate voltages and plate input
are limited to 50 percent of the
ratings for F1. For frequencies
between F1 and F2 the maxi-
mum plate voltage and plate
input will be reduced in the
correct proportion so that at
the frequency F2 these factors
will not exceed 50 percent of
their maximum ratings

FOE o s Filament center tap

3 [P Filament-cathode return

FSE cuvsssesses Frequency of signal generator

£t L - Foot lamberts

G........ ... Acceleration of gravity

G/Yo . Equivalent conductance

7 (gamma) . Propagation constant

g2 e1,23..... Grid (number to identify grids,
starting from cathode)

g244 ........ . Grids having common pin connec-

tion

... Gas amplification
. Gas ratio

Field strength in gauss

. Heater center tap

Heater tap

Anode current

dc current of respective anodes or
plates

1B Lrsevemassess Peak value of de anode or plate
current. When used in reference
to pulses, the maximum peak
current excluding spike

Ic, Ie1,2,3 ..... dc current of respective grid

ic. .....ce...... Peak grid current

Ay o evsessons Current of anode producing sec-
ondary emission

Filament or heater current

. Intermediate frequency

rms value of ac component of grid
current

Heater-cathode leakage current

Ignitor current

de cathode current

. Peak cathode current

Peak load current

Internal connection

de component of output current of
rectifiers per tube

rms value of ac component of
plate current

Reflector current

Reservoir current

.. Resonator current

... de emission current

. Peak emission current

de component of primary emission
from grid indicated

de target current

. Tonization current

Degrees Kelvin

Cathode

. Kilocycles

Kilo-megacycles

Theoretical resistance noise power

kv .. Peak kilovolts

.. Kilovolt-amperes

... Peak kilovolt-amperes

... ac kilovolts (rms)

.. de kilovolts

.. Kilowatts

... Peak kilowatts

. Lamberts

Lower acceptance limit for sam-
ple average or sample median

Wavelength

Resonant wavelength

Conversion loss or gain (ratio of
available signal power to the
available intermediate frequency
power)

Leakage current

. Insertion loss

Lumens

Lower reject limit median for a
sample of tubes

Standardized light source supplied
by a coiled tungsten lamp with
a lead or lime glass envelope
operated at a color temperature
of 2,870°K

Lower specification limit for aver-
age of acceptable lots
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Figure of merit, or one million

. Meter, or one-thousandth

ac (rms) or de milliamperes
Peak milliamperes

ac milliamperes (rms)

de milliamperes

. Megacycles

Megohms
Millifoot lamberts
Millihenry
Millilamberts
Milliroentgen

. Maximum rated standard devia-

tion
Milliseconds
Amplification factor
ac millivolts (rms)
de millivolts
Peak millivolts
Megawatts
Peak megawatts

- Milliwatts

Peak milliwatts
Counts for radiation counter tubes
No connection

. Noise figure

Counts per minute

Counts per second

Output noise ratio (ratio of noise
power output to resistance noise
power)

Plate

Per plate

Plate breakdown factor (epx x
prr x 1b)

. Average drive power

Peak drive power

Power dissipation of respective
grids

Power input (plate)

. Peak power input

Reactive power in watts
Plateau length

Noise output

Intrinsic P

Average power output *

Peak leakage power

Change in Po, ete. of an indivi-
dual tube, caused by the speci-
fied change in Ef

Change in Po, etc. caused by a
test (life, shock, fatigue, etc,

Peak power output >

Plate or anode power dissipation

Pulse recurrence rate in pulses
per second

Relative plateau slope
Quality of a circuit

: SRR S

Rk woovenissmoss

Rkal, Rka2,
Rkrs, Rfrs,
ete.

R ocinens »

. Loaded Q

. dc resistance of external grid cir-

. Resistance in series with grid

. Resistance in series with plate or

. Dynamic sensitivity (phototubes)
. Starter electrode

. Change in Sm, ete. of an indivi-

. Change in Sm, ete. caused by a

Intrinsic Q or quality of a circuit
without external loading

Reflector

Roentgen

Resistance

de resistance of external plate cir-
cuit (by-passed)

cuit (by-passed)

Reference resistor for noise ratio
measurements (for crystal rec-
tifiers)

Radio frequency

Resistance in series with filament
or heater

Dynamic internal grid resistance
Resistance in series with cathode

Tube resistance between the elec-
trodes indicated

Load resistance (Unity power
factor. Negligible dc resistance.)

Root mean square

anode

Dynamic internal plate resistance
of tube

Resonator

Video impedance

Static sensitivity (phototubes)

Conversion transconductance
Spectral distribution

Shield
Transconductance between the ele-
ments indicated

“Output” standing-wave ratio in
voltage

Transconductance (control grid-
plate)

dual tube, caused by the speci-
fied change in Ef

test (life, shock, fatigue, etc.)
Sensitivity ratio (max. Ib to min.
1b)
Temperature (degrees centigrade)
Test duration (seconds, unless
otherwise specified)
Ambient temperature
Target
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SEC s sssnsais. s

B o aaiE s

c
=

Anode delay time. A time interval
between the point on the rising
portion of the grid pulse which
is 26 percent of the maximum
unloaded pulse amplitude and
the point where anode conduc-
tion takes place

. Anode delay time drift
. Envelope temperature
. Time of fall. The time duration of

pulse to fall from 70.7 percent
of the maximum pulse ampli-
tude to 26 percent of the maxi-
mum pulse amplitude, exclud-
ing spike, in microseconds

. Temperature of condensed mer-

cury in °C
Variation in firing time
Cathode conditioning time (in

seconids) necessary before the.

npplication of high voltage. In
TR tubes, time delay between
application of ignitor voltage
and rf power

Pulse duration (excluding mag-
netrons). The time interval be-
tween the points on the trace
envelope at which the instan-
tancous amplitudes are equal to
70.7 percent of the maximum
amplitude excluding spike. For
magnetrons, see 4.16.3.3

Time constant of rise (excluding
magnetrons). The time duration
of a pulse to rise from 26 per-
cent of the maximum pulse am-
plitude to 70.7 percent of the
maximum pulse amplitude, ex-
cluding spike, in microseconds

Time of rise of current pulse in
microseconds (for magnetrons,
see 4.16.3.3)

Time of rise of voltage pulse in
microseconds (for magnetrons,
see 4.16.3.3)

Amplification factor

Microamperes, peak value

. ac microamperes (rms)

.. de microamperes
. Upper acceptance limit for sam-

ple average or sample median

. Micromhos

Microfarads
Microhenries

. Upper reject limit median of a

sample of tubes

Microseconds

Upper specification limit for aver-
ages of acceptable lots

Micromicrofarads
ac microvolts (rms)

. de microvolts
... Microwatts
. Volts (may be either ac rms or dc)

Volts, peak value

. Volt-amperes

& -. Peak volt-amperes

.. ac volts (rms)
. de volts

Volts, peak value, per inch of de-
flection

Amplitude jitter

Voltage standing wave ratio

. Volume units

Extinguishing voltage
Watts
Peak watts

. Spike leakage energy

W scvmcn s

D ' [—

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
and the major cross-section of
the tube elements normal to the
direction of the accelerating
force

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
normal and the major cross-
section parallel to the accelerat-
ing force

Denoting peak inverse value

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
parallel to the direction of the
accelerating force. (When Y1
is referred to for shock tests,
the principal base of the tube
is toward the hammer)

. The orientation of a tube (for

shock test only) which is the

same as Y1 except that the

principal base of the tube is

away from the hammer
Denoting peak forward value
Impedance

. Impedance to anode of deflection

plate circuit at power-supply
impedance
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Zpp

. Impedance of the grid circuit
. Impedance between grids of push-

pull circuit

. Impedance between grid and

cathode

Input impedance

Load reactance (with negligible
dc resistance)

Modulator frequency load imped-
ance

Output impedance and character-
istic impedance

. Impedance in plate circuit

Impedance between plates in push-
pull circuit

1D2 s Deflection produced by the deflec-
tion plates near the screen (for
cathode-ray tubes)

1)) Deflection produced by the deflec-
tion plates near the base (for
cathode-ray tubes)

BY ciiinmsne Qualification test

¥ ssassssaisnies Standard design test

I i Special design test

B o aremsnamammiamn Test to be performed at the con-
clusion of the holding period
(See 4.5)

] Indicates change on tube speci-
fication sheet

€0 cenennnaann Indicates deletion from the tube

specification sheet
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JAN=-0ANSWA
TUBE TYPE JAN-6ANSWA
-~ DESCRIPTION:
" The JAN-6AN5WA1/ is a 7 pin miniature, RF beam power pentode having a
transconductance in the range, 7000 to 10000 micromhos.
ELECTRICAL: The electrical characteristics are as follows:
Heater voltageCCO0.0l‘.'....l'.l..I'0.‘.l'.l..I...I'l'.......ll6'3 v
Heater Current.u............n...u.u...n.-...-.-......11»20-11»80 mA
: Cathod@sesososssssossscssossssssensnssassssassssesCoated Unipotential
MOUNTING: Any type mounting is adequate.
- * Y4 MAX. 4
~ 332
o . +1 T-5% £ R
- £
~ 5
1 \ ) PEIR = &
uut tl I 1 mnatuee 7-mn surTon
; E7-1%*
7 PIN MINIATURE
62
A ol
SREFERS TO JETEC PUBLICATION JO-G2-2, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
SOREFERS TO JETEC PUBLICATION JO-G3-1, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
£ MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF 7/16 LD,
ALL DIMENSIONS IN INCHES
T En-
RATINGS: Ef Eb Ecl* Ec2 Ehk Rk Rgl Ik**Ppr Pg2* velope Alt
Design \' Vde Vde Vde v ohms Meg mAde W w % ft
. Maﬁé%%m 6.9 139 === 135 200 === 0.l 55 4.6 1l.55 200 60,000
Minimum 5e7 === == cos  mee mee mee coe cee eee -—— ——-
Test Cond: 6.3 120 O 120 «ee 125 me= me= eee e ——— ——-
1/ The values and specification comments presented in this section are
related to MIL-E-1/839A dated 30 Nov 1956,
* No test at this rating exists in the specification.
*% lo specification assurance of life exists under conditions of cathode
current approaching the maximum.
NOTE:The voltage at the plate or screen may be as high as 330 Vdc provided the
following condition is met: when the average voltage at the electrode
(taken over any (1) second interval) exceeds the design maximum rating of
dc voltage for that electrode, the average dissipation for that electrode
— shall not exceed the design maximum rating of dissipation divided by the
ratio of the average voltage to the design maximum rating of dc voltage.
P
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JAN-6ANSWA ,
ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS L_INITIAL _LIFE TEST | LIFE TEST | UNITS
MIN| MAX MIN MAX MIN | M
Heater Current It 420| 480 | 410 | 490 | 410|490 mA
Transconductance Sm 7000/10000| = - - - |umhos
Change in
individual ASmt - - - 20 - 20 %
Change-in
average Avg ASmt - - - 15 - - %
Transconductance
Change with Ef ASmEf | Ef=5.7V - 15 - -1 - - %
Plate Current (1) Ib 25 43 |25.0 - |25.0| - mAde
Plate Current (2) Ib | Ec1=-20Vdc -1 1.0 - - - - mAde
Plate Current (3) Ib | Eb=Ec2=60Vdc; 25| - - - - - mAdc
Ec1=0; Rk=0 :
Emission Is | Eb=Ec2=Ec1=15| 100 - - - - - mAdc
Vdc3;Esig=500 :
mVac
Screen Grid Current Ic2| 6.0(16.0 - - - - mAdc
1 v
Screen Grid Current Ic2| Eb=Ec2=60Vdc; 6.5[(15.5 - - - - ‘mAdc
(2) Ec1=0; Rk=0
Power Output Po | Esig=t.25Vac;| 1.0 - |0.75 - 0.5 =~ w
RL=2500 ohms
Capacitance «754in,.-dia;
shield, Ef=0
Cl gip - 10.075] = - - - .uuf
C| in 6.,0| 12,0 = - - - | uuf
C| out 4.0 7.0 - - - - uuf
Control Grid Current Ict 0 |=-2.0 0 -2.0 0 |-4%.0 | uAde
Control Grid
Emission Ic1| Ef=7.5V;Rg1= 0 |=4.0 - - - - uAde
0.01Meg ming
Ec1=-45Vdc;
NOTE 1
Heater Cathode
Leakage Ihk] Ehk=+100Vdc - 20 - 75 - 75 ulde
Ihk Enk=-100Vdc - 20 - 75 - 75 uAdq
Insulation of R(g1-all)|Eg1-all=-100v;] 100| - | -50 | - wo | - Meg
Electrodes R(p-all) | Ep-all=-300V; 100 - 50 - Lo - Meg
Interface ri | Ef=5.7V;Ec1/1n -] .- - 25 - - ohms
=LmAdc;NOTE 2

Measurement conditions are the same as stated under Test Conditions,
unless otherwise indicated.

NOTE 1: The tube shall be preheated a minimum of five minutes at test conditions|
for this test (except.Ec1=0) prior to this test.
NOTE 2: Preheat 3 minutes with Ef=5.7V and all other tube elements disconnected.

No other test shall be made from the start of the cathode interface 1if
test until the specified minimum number of hours has been completed.
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JAN-H6ANSWA
120 T 120 T “r 128 'OHM
€= 120 v £ = 120 v Tesrbc:ll::n/
" 100 i A “‘—___—o__: 100 LOA
2 | et Qa e "
o "] o« g1 =90 N
E — -1 & /r/
280 < 280 = Rl =]
= 2 S .
z o0 &y, = Z 0 / il l
~ “°IMAXIMUM CATHODE e 2:;"44 h /// = e
z 2 z a
B CURRENT & *’"447/ & % | _— " 8«
£ LA — E 77 b MAX. R e
O 40 e '\(\)\\ Pep o 40 P —5 o
w O\t s 0,4113: 2y w o 7 BOGIE 22
< o _\\’\‘/_/* o,.él“. = < < = o MIN s
* 20 AN SR el ol e g = 0|8 =L s
Y R SR ol W04 k;&: I =
= 2 =
AL I I 1 —
0 20 40 60 80 100 0 20 40 60 80 100 120 140
PLATE VOLTAGE IN VOLTS PLATE VOLTAGE IN VOLTS
TYPICAL STATIC-PLATE CHARACTERISTICS; LIMIT BEHAVIOR STATIC-PLATE DATA;
PERMISSIBLE AREA OF OPERATION VARIABILITY OF Ib
100
" Ef = nl.: v Rk = ;25 OHM T ] 80
o Ec2 — 120 Vde LOAD LINE Rk = 125 OHM N
£ 50 \ LOAD ”"{ m MAX\Q 2
- AN \ \\\ =
z %0 1 =
; b MAX*&\\ \k\‘ » &3
£ 40 é Eb = Ec2 = 120 Vdc AREA\\ N\ Z
3 < £ ! | \ Ik MIN g
o g o £c2 = 120 Vde CURVEQN\ ik MIN sl 3
o 0|8 1 f< %\\\\\ ! A §
s | I NN N i ®
& 5 D\ -
0 20 40 60 80 100 120 140 =6 =12 -8 —4 )
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VARIABILITY OF lc2 VARIABILITY OF Ib
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JAN-6ANSWA
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JAN-OANSWA
DESIGN CENTER

/ OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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JAN-6ANSWA

LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/839A
PRODUCED IN 1958 BY ONE MANUFACTURER
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- JAN-HANSWA

LIFE TEST PROPERTY BEHAVIOR
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JAN-6ANSWA
LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/83%9A 30 NOV. ‘56
PRODUCED IN 1958 BY ONE MANUFACTURER
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DESCRIPTION:

TUBE TYPE JAN-6CWWA

MIL-HDBK-211
APPENDIX-A

12 January 1960

JAN=-6CLWA

The JAN-6CHWAL/ is a 7 pin miniature triode with a Mu in the range 15.5 to

18.5 with a transconductance ranging from 1750 to 2650 micromhos depending upon
the choice of operating point.

ELECTRICAL: The electrical characteristics are as follows:

Heatear Vol Lages svis s sis e am sole simpivessas oo e oo 6o/l se:e s s slwiess slotein i3\l
Heatar CUrTeNnt . oie s siow o s sis sinie eiskesis siors siomsnsossenansnespel 30=162 mi
CathodeeecesosescssssscscssasccccosesncssssesssssessCoated Unipotential

MOUNTING: Any type mounting is adequate.

b%aMAx1
|

7 PIN MINIATURE

é-2
5-2¢

o187 MIN.**
sl 281 MAX.**

MINIATURE 7-PIN BUTTON

E7-1**

*REFERS TO JETEC PUBLICATION JO-G2-2, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
**REFERS TO JETEC PUBLICATION JO-G3-1, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
f MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF 7/16 ID.

ALL DIMENSIONS IN INCHES

RATINGS ¢ Ef Eb
Absolute v Vde
Maximum 6.9 330
Minimum 5.7 ===

Test Conds 6.3 250

Ec
Vde

0
~55
-8.5

Ehk

v

0

Rg
Meg
0.5

Ik** Ic*
mAdc mAdc
20 5reH

Pp*

Fi*

T En-

velope Alt
oc ft

+165 60,000

Note

1/ The values and specification comments presented in this section are
related to MIL-E-1/857A dated 5 Dec 1955.

* No test at this rating exists in the specification.

** Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current.
assurance of life exists under conditions of cathode current approaching

the maximum.

No speecification

Note: If altitude rating is exceeded, reduction of instantaneous voltages
) (Ef excluded) may be required.

19
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JAN-b6CHWA
ACCEPTANCE TEST LINMITS SUMMARY
MEASUREMENT 500 HR 1000 ER
PROPERTY CONDITIONS INITIA LIFE TES LIFE TEST UNITS
: MIN | NAX | MIN | FAX | MIN] MAX]
Heater Current If 138 | 162 | 138 | 162 | 138] 162 mA
Transconductance (1) Sm 1750 | 2650 - - - | . = | umhos
Change in . y
individual A Smt - - - 201 - 25 %
Change in
_average AvgA Snt - - - 15 - ) %
Transconductance )
change with Ef A SmEf|Ef=5.7V - 15 -~ .15 - - %
Transconductance (3) Sm |Eb = 100 Vdej [2500 |4000 | - - - - | umhos
Ec = 0 Vdc 7
Amplification
Factor Mu 15.5 |18.5 - - - - -
Plate Current (1) Ib 6.5 |14.5 - - - - mAde
Plate Current (2) Ib | Ec==25Vde - 20. - - - - uAde
Plate Current (3) Ib | Ec=-18Vde 5 - - - - - uAde
Power Oscillation Po | F=150Mc3Eb=300 1.8 - - - - - W
Vac;Rg=8500;
Note 2
Capacitance No shield,Ef=0
C gp 1 u2 2.0 L - - = uuf
C |in 1.35 |2.25 - - - - uuf
C |out 0.98 |1.62 - - - - uuf
Control Grid
Current Ic |Rg=0.5Meg Max.,] O [=0.5 0 |-0.5 0 | -0.5| uAdc
Control Grid .
Emission Ig |Ef=7.5V3Eec=-25] O [-1.0 - - - - ulde
Vdc3;Rg=0.5Meg} -
Note 1
Beater Cathode '
Leakage Ihk | Ehk=+100Vdc - 10 - 10 - 10| wuAde
Ihk | Ehk=~100Vdc - 10 - 10 - 10| wuAde
Insulation of ‘ 1
Electrodes R(gl1=-all)|Egl1-all=-100V | 100 - 50 - - - Meg
R(p-all) |Ep-all=-300V | 100 - 50 - - - Meg

Measurement conditions are the same as stated under Test Conditionms,
unless otherwise indicated.

Note 1: The tube shall be preheated a minimum of five minutes at test conditions
for this test (except Ec1=0; Rk=470 ohms) prior to this test.

Note 2: A plate current of 25 mAdc on a bogie tube shall 'be obtained by adjust-
ing the coupling between the load and the tank circuit while the load
is simultaneously tuned to yield maximum power output.
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JAN-6CLWA

35

DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL

RETMA REGISTRANT
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JAN-5687WA

TUBE TYPE JAN-5687WA

DESCRIPTION:

The JAN-5687WwAl/ 1s a 9 pin, miniature, general purpose twin triode having
a Mu in the range of 16,0 to 21.0 and a transconductance in the range of 8500 to
14500 micromhos. Each triode is electrically independent, although the two
heaters have a common connection.

ELECTRICAL: The electrical characteristics are as follows:
Series Parallel
Hoater VOTLarGiie siewine s s s be wiosd si8rs slore srarerats orsss srnmersamies 1006 ¥ 6.3V
Heater CUrrentass viesoessesswoieiowssses siosivs s ss oElwed7 A .82-.94% A
CathodeesseeeeasessncessossecesscssessaesnseseasssssssnssCoated Unipotential

}OUNTING: Any type mounting is adequate.

LEAD CONNECTIONS

ktnmx.a
'IT_I—‘
»
gg :§ T-6% :;
- i
l | 90°£3%° B B

MINIATURE 9-PIN BUTTON
E9-1**

|

9-PIN MINIATURE
6-7
62+

*REFERS TO JETEC PUBLICATION JO-G2-2, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
**REFERS TO JETEC PUBLICATION JO-G3-1, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958

f MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF 7/16 ID.
ALL DIMENSIONS IN INCHES

T En-
RATINGS: Ef Eb Ee Ehk Rg/g Ik/k* Ic/g Pp/p velope Alt
Design v Vde Vde v Meg mAde mAdc w oC ft
Maximum 6.6 330 O +100 (o185 65 6 3.75 +225 60,000
13+2 Note

Minimum 6.0 === =200 === —— ——— —-—— —-— —— -—-
12.0 J

Test Cond: 12.6 120 -2 O -—— —_—— —-- -— ——— ——

1/ The values and specification comments presented in this section are
related to MIL-E-1/779B dated 13 Mar 1958.

Note: Pp/p on one section may be as great as 4.2 watts provided that maximum
dissipation for both sections does not exceed 7.5 watts.

* Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching
the maximum.

i
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JAN-5687WA
ACCEPTANCE TEST LIMITS SUMMARY
500 HR 1000 HR
MEASUREMENT INITIAL LIFE TEST LIFE TEST UNITS
PROPERTY CONDITIONS MIN MAX | MIN MAX MIN MAX
Heater Current If 0.82 | 0.9% | 0.80 | 0.96| 0.80| 0.96 A
Transconductance Sm 8500 14500 [ - - - - |umhos
Change in
individual A Smt - - - 20 - 25 4
Transconductance
change with Ef A SmEf Ef=11.4V - 15' - 25 - 30 %
|Amp11fication ‘ N
Factor <. Mu 16 21 - - - - -
Plate Current (1)* Ib 27| ws| - - = - | mAde
Plate Current (2) Ib Eb=300Vdc; - 6.0 - - - - | mAde
Ec=-20Vdc;
Plate Current (3) Ib Eb=300Vdc; - 1.0 - - - - | mAde
Ec=-25Vdc;
Plate Emission Ib Eb=195Vac;Rk/| -~ 25 - - - - | uAdc
Ib=10, 5mAdc;}
Ec=0 3
Emission Is EB=Ec=15Vdc 125 - - - - - | mAde
Capacitance No shield,
Ef=0 )
C |gp 2.8] 5.2 - - - - uuf
C|in 2.8 He2 - - - - uuf
C |out (1) 0.42 [ 0.78 - - - - uuf
C | out (2) 0.3% ] 0.66 - - - - uuf
C | hk - 9.7 - - - - uuf
Control Grid Ic 0 |=-1.5 0 |=-2.0 0 | =2.5| uAdc
Current
Control Grid :
Emission Ic Ef=14.,0V;Rg/gl O |=-5.0 - - - - | uAdc
=1.0Meg}
NOTE
Heater Cathode . B
Leakage Ihk | Ehk=+100Vde - 30 - .50 - 50| uAdc
Ihk Ehk=-100Vdc - 30 - 50 - 50| uAdc
Insulation of
Electrodes R(g1-all) | Eg1-all=-300V| 100 - 50 - 25 - Meg
R(p=-all) Ep-all=-500V 100 - 50 - 25 - Meg

Measurement conditions are the same as.stated

unless otherwise indicated.

NOTE:

for this test,prior to this test.

The tube shall be preheated a minimum of five

under Test Conditions,

minutes at test conditions
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JAN-5687TWA
DESIGN CENTER CHARACTERISTICS OBTAINED FROM
DATA PUBLISHED BY ORIGINAL RETMA REGISTRANT
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TRANSCONDUCTANCE

WITH REDUCED Ef (SmEf) IN MICROMHOS

TRANSCONDUCTANCE (Sm) IN MICROMHOS

PLATE CURRENT (Ib) IN MILLIAMPERES

JAN-5687WA

LIFE TEST PROPERTY BEHAVIOR

13 MAR. ‘58
PRODUCED IN 195758 BY ONE MANUFACTURER
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JAN-5687WA
LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/7798B 13 MAR. ‘58
PRODUCED IN 1957-'58 BY TWO MANUFACTURERS
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JAN=5T702WA
TUBE TYPE JAN=5702WA

DESCRIPTION:

The JAN-5702WAl/is a 7 lead, pinch press, subminiature, sharp cutoff pen=-
tode having a design center transconductance of 5000 micromhos. The JAN=5702WA
éilé%milar in plate characteristics to JAN=-5840 and the miniature type JAN=5654/

ELECTRICAL: The electrical characteristics are as follows:
N Heater voltage S P PP PO PP NPT PPN TP PP RPN P PPN PPN NIRRT NS 6.3 v
Heater Current 'otcaon.c..c..l..o’-cn-l-.lo.nu...vlc-oooo..-183-2l7 mA
CathOde..lQ..0.-0‘."-.........0....l..l..ll’.."‘..coated UniPOtential

MOUNTING: Any type of rhounting is adequate,

e —— LEAD CONNECTIONS

123458567
PG, H HG3K G

BASE (o0 00000 ) PINCH PRESS

| A MAX me DIAMETER
1,500 | 1.250 | 100

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 =+ .001.
# LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

e AI.TE.NATIVE LEAD LENGTH SHALL BE .200 =" .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

T En=-

BATINGS: Ef Eb Ecl* Ec2 Ec3 Ehk Rk Rgl Ik¥* Pp* Pg2*% velope Alt
Absolute V Vdc Vdc Vdc Vde v  ohms Meg mAdc W w oC ft

Maximum 6,9 165 === 155 0 200 === 1,2 16,5 ===~ === 265 60,000
Design

Maximum === === == ——— mmr mee mee mee m—e ],]10 0,40 === ——

Minimum 5,7 === =55 === —ce .—- ——— ——— ——— = ——— ——— —_—
Test Cond: 6.3 120 0 120 O 0 200 === === ——— m—— ——— -

Y/ The values and specification comments presented in this section are related
to MIL-E~1/82C dated 4 Dec 1957,

¥ No test at this rating exists in the specification,
%% Difficulty may be encountered if this tube is operated for long periods of

time with very small values of cathode current, No specification assurance
of life exists under conditions of cathode current approaching the maximum,,
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AN
JAN 5702WA ACCEPTANCE TEST LIMITS SUMMARY
500 HR 1000 HR
MEASUREMENT INITIAL
PROPERTY CONDITIONS LITE S e IR
N MAX MIN MAX | MIN MAX UNITS
Heater Current 1t 183 | 217 180 220 177 223 mA
Transconductance Sm 4200 |5800 | - - - - umhos
Change in
individual ASmt - - - 20 - 30 %
average Avg ASmt - - - 15 - - ‘%
Transconductance
Change with Ef ASmEf |[Ef=5,5V - 10 - i5 - - %
Plate Resistance 1rp 0,195 - - - = = Meg
Plate Current(l) 1Ib _ 5.5 9.5 - - - - mAdc
Plate Current(2) Ib Ecl=-9,0Vdc; - 50 - - - - UAdc
RK=0
Screen Grid
Current Ic2 1.7 13.5 - - - - mAdc
Capacitance 0.405 in, dia,
shield, Ef=0
Clglp = 0,08 = - - - uuf
ciin i 5D - - - - uuf
Clout 2.9 14,1 - = = - uuf
Control Grid :
Current Tl Rgl=1,0 Meg 0 =0.110 =0.J/8i © -1.0| uAdc
Control Grid J
Emission Icl Ef=7.5;Rgl=1,0| O -0.5 - - - - uAdc
Meg; Ecl=-10Vdc
NOTE
Heater-Cathode
Leakage Ihk |Ehk=+100Vdc - 5 - 10 - 15 uAdc
Ihk Ehk=-100Vdc - 5 - 10 = 15 uAdc
Insulation of
Electrodes R§gl-a11) Egl-all=-100V | 100 - 50 - - - Meg
R(p-all) Ep-all=-300Vdc| 100 - 50 - - - Meg

Measurement conditions are the same as stated under Test Conditions,
unless otherwise indicated.

NOTE:

The tube shall be preheated a minimum of five minutes at test
conditions for this test (except Ecl=0) prior to this test.
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DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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TRANSCONDUCTANCE

WITH REDUCED Ef (SmEf) IN ‘'MICROMHOS

LIFE- TEST PROPERTY BEHAVIOR
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LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/82 C 4 DEC 57
PRODUCED IN 1958 BY ONE MANUFACTURER
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12
TUBE TYPE JAN-5702B JANE ;E]‘ggrwg. 1960

DESCRIPTION:

The JAN—5702WBl/is a 7 lead, pinch press, subminiature, sharp cutoff pen-
tode having a design center transconductance of 5000 micromhos. The JAN-5702WB
is similar in plate characteristics to JAN~5840 and the miniature type JAN-5654/
6AKSV, 3

ELECTRICAL: The electrical characteristics are as follows:
Heater Volbtago wesmasesnesed s assifsnsiisavesese sitvimeneeisensie O ¥
Heater Current 0...'.'!.....l".'....’l..'.l'lU’l.'.."..ll.."lgo-2lomA
Cathode sweswseessvsnevsswsssseesansessnesssess sunseCoated Unipotential

""OUNTING: Any type of mounting is adequate,
LEAD CONNECTIONS

" RED DOT |

2 3

1234588 7
PGyH HGyK G

BASE (0000000 ) PINCH PRESS

DIMENSIONS
DIAMETER
A MAX. 5 TTOL %] MAX
1,500 | 1.250 | 100 400

ALL DIMENSIONS IN INCHE:

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 = .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

T En-

BATLINGS: Ef Eb Ecl* Ec2 Ec3 Ehk Rk Rgl Ik¥* pp* Pg2% velope* Alt
Absolute  V  Vdc Vdc Vdc Vdc v ohms Ifeo mAdc W W °c ft

Maximum 7,9 1. & === 195 O 207 === 1,2 16,5 === === 220 60,000 -
Design

laxinum === === --- == ;s mes eee eee —e- 1.10 0,40 === v

Minimum 5,7 ol T e e mme e eee e -
Test Cond: 6.3 120 ¢ 1t ¢ € JCC === == e e e e

1/ The values ani syecifization comments presented in this section are re-
lated to IMIL-E-1/1Co2A dated A4 Dec 1957,

* No test at this rating exists in the specification.
*% Difficulty nay be encounitered if this tube is operated for long periods of

time with very small valiues of cathode current. No specificgtion assurance
nf life exists under conditions of cathode current approaching the maximum,

g
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unless otherwise indicated,

NOTE:

The tube shall be preheated a minimum of five minutes at test

APPENDIX-A
12 January 1960
JAN-5702WB ACCEPTANCE TEST LIMITS SUMMARY
500 HR 1000 HR
MEASUREMENT | INITIAL T |UNITS
PROPERTY CONDITIONS [WIN T WAX hﬁﬁE T§2§ ﬁ%ﬁﬁ‘rﬁix .
Heater Current 2 190 | 210 | 187 | 217 | 177 | 223 mA
Transconductance Sm 14200 | 5800 - - - = umhos
Change in
individual A Smt - - - 20 - 30 %
Change in )
average AvgA Smt - - - 15 - - %
Transconductance )
Change with Ef A SmEf|Ef=5,7V - 5 - 15 - - %
Plate Resistance rp 0:15] = = = = = Meg
Plate Current (1) 1Ib 5.5 | 9.5 - - - - mAdc
Plate Current (2) Ib Ecl=-9.0Vdc; - 50 - - - - uAdc
RK=0
Screen Grid
Current T2 1.7 | 3.5 - - - - mAdc
Capacitance 0,405 in, dia. p
shield, Ef=0
C|glp - 0.08] = = & = uuf
Clin 4,1 5.5 - = - = uuf
C | out 2,9 | 4.1 - = = = uuf
Control Grid : i
Current Icl |Rgl= 1 Meg 0 -0,1] O -0.9 O -1.0| uAdc
Control Grid
Emission Icl | Ef=7.5V;Rgl= | O =0,9] = - - - ‘'uAdc
1.0 Meg Ecl=
-10V;NOTE
Heater-Cathode
Leakage Ihk | Ehk=+100vVdc = 5 - 10 = ik 15 , UAdc
Ihk Ehk=-100Vdc = 5 = 10 = 5 uAdc
‘tInsulation of
Electrodes R&gl-all) Egl-all=-100V | 250 - 50 - - - Meg
R(p-all) Ep-all=-300Vdc| 250 50 - - Meg
Measurement  conditions are the same as stated under Test Conditions,

conditions for this test (except Ecl=0) prior to this test.
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PLATE CURRENT IN MILLIAMPERES
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PLATE OR GRID #2 CURRENT IN MILLIAMPERES
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APPENDIX-A
12 January 1960
JAN=-5702WB
DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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PLATE OR GRID #2 CURRENT IN MILLIAMPERES
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JAN-5702WB
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WITH REDUCED Ef (SmEf) IN MICROMHOS
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FILAMENT CURRENT (if) IN MILUAMPERES

UFE TEST PROPERTY BEHAVIOR
MILE1/1069 A 4 DEC 57
BY ONE MANUFACTURER
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APPENDIX -A
N 12 January 1960
TUBE TYPE JAN-5703WA JAN-5703WA
DESCRIPTION:
e The JAN-57O3WA1/ is a 5 lead, pinch press, subminiature, triode having a

Mu in the range of 21 to 30 and a transconductance in the range 4200 to 6000
micromhos. The JAN-5703WA is similar in plate characteristics to the JAN-5718
and the JAN-6111. This tube type has given satisfactory service in a variety of
applications including oscillator circuits at 500 Mc.

ELECTRICAL: The electrical characteristics are as follows:
Heater Voltage.............-..-.-.....-.....-..-...-.-.........6.3 v
» . Heater CuDrentisee cee s sois siais sioe siararsisiee o s avsieaie wate soe oo 103=217 MA
Cathode@eceessonsssnnsessenssannnsssssessessssssssCOated Unipotential

MCUNTING: Any type mounting is adequate.

1

LEAD CONNECTIONS

I
RED DOT
<
)—\ ;
REFERENCE
MARK
ep pon |
B | oy
R
| le————— TINNED mgn:' 1 3 4 5 6
050 Or
‘é‘:,gﬁns!':‘o? THE GLASS PRESS P H HG K
i ' n&s@lill’num1nas
N DIMENSION
S
T % 002 A MAX, DIAMETER
016 T2 i DIM | TOL |  MAX
1500 | 1.250 | 100 400
= ALL DIMENSIONS IN INCHES
# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL BE .200 = 015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
T En=-
- RATINGS: Ef Eb Ec Ehk. Rk Rg Ib** Ic* Pp* velope Alt
Design V  Vde Vdc v ohms Meg mAdc mAde W °¢ ft
Maximum 6.9 200 === .200 =--= 1.2 15 5.5 1.35 220 60,000
Minimum 5¢7 === —— -—— - - —— —— P, —— | w—-
Test Cond: 6.3 120 0 0 220 wma cwe ese eos oow —

1/ The values and specification comments presented in this section ére
related to MIL-E-1/293C dated 17 Sep 1956.

* No test at this rating exists in the specification.
** Difficulty may be encountered if this tube is operated for long periods

of time with very small values of cathode current. No specification

assurance of life exists under conditions of cathode current approaching
" the maximum. '
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unless otherwise indicated.

NOTE 1: The tube shall be preheated a minimum of five minutes at
conditions for this test (except Ecl=0) prior to this test.

NOTE 2: Test per drawing 226-JAN.

test

APPENDIX-A
12 January 1960
JAN-5T703WA
ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL LIFE TEST LIFE TEST UNITS
MIN MAX | MIN| MAX | MIN MAX
Heater Current It 183 | 217| 180|220 | 177 | 223 | ma
Transconductance Sm L4200 | 6000 - - - - | umhos
Change in
individual A Smt - - - 20 - 30 4
Change in
average Avg A Smt - - - 15 - - %
Transconductance
Change with Ef A SmEf|Ef=5.5V - 10 - 15 - - %
Amplification Factor Mu 21 30 - - - - -
Plate Current (1) Ib 6.8 | 12.0 - - - - | mAdc
Plate Current (2) Ib |Ec1=-8.5Vdc - 50 - - - - |uAde
Plate Current .(3) Ib |Ec==-5Vdc 20| - - - - - | uAde
Power Oscillation Po F=500Mc;Eb=150 600 - - - - - mW
Vdc;Rg/Ib=20
mAdc; NOTE 2
Capacitance No shield,Ef=0
Clglp 0.9 1.6 - - - - uuf
Clin 2.0 ] 3.2 - - - - uuf
Clout 0.5| 0.9 - - - - uuf
Control Grid
Current Iect 0 | =0.3 0 |-0.6 0 |-1.0 | uAde
Control Grid
' Emission Ic |Ef=7.5;Rg=1.0 0 | -0.4 - - - - |uAdc
Meg;Eci==10Vdg
NOTE 1
Heater Cathode
Leakage Thk|Ehk=+100Vdc - 5 - 10 - 15 | uAde
Ihk|Ehk=-100Vdc - 5 - 10 - 15 | uAde
Insulation of
Electrodes R(g1-all)|Egi-all=-100 100 - 50| - - - - | Meg
R(p-all) |Vdc;Ep-all= 100 - 50 - - - Meg
-300Vde . _
Measurement conditions are the same as stated uhder Test Conditions,
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PLATE CURRENT IN MILLAMPERES
S

TYPICAL STATIC-PLATE CHARACTERISTICS; PERMISSIBLE AREA OF OPERATION

PLATE CURRENT IN MILLIAMPERES

PLATE VOLTAGE IN YOLTS

APPENDIX A
12 January 1960
JAN-5T703WA
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APPENPIX <A - -
12" January 1960°
JAN-5703WA, -3 "
20
/ B= 63V

s A / 2

;‘ 3% "/' b A

o / /'\

r_'

3 : . A .

" / / ,::1

PLATE OR GRID CURRENT IN MILLIAMPERES
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JAN=-5703WB
TUBE TYPE JAN-5703uWB

DESCRIPTION:

- The JAN-5703WBl/ is a 5 lead, pinch-press, subminiature, triode having a

Mu in the range of 22.5 to 28.5 and a transcondwetance in the range of 4300 to

5700 micromhos. The JAN-5703WB is similar in plate characteristics to the

JAN-5718 and the JAN-6111. This tube type has given satisfactory service in a

variety of applications including oscillator circuits at 500 Mc.

ELECTRICAL: The electrical characteristics are as follows:

. Heater Voltage...............-...--......o--o.-................6.3V
Heater Currenteccecscssccscssssscssscscscosssssssssssssscesesesl90=210 mA
CathoG@eeceoscsesssecsscssscsccscsvesssscssssesesessesCoated Unipotential

= MOUNTING: Any type mounting 1s adequate.

LEAD CONNECTIONS
RED DOT
—~
| ANY NuMBER OF
] LEADS IN UNE
.___mm 1 3 4 5 4
S0 o8 B OF ’ HHG K

P lAﬂE‘IIIIII"»KﬂI!EH

= %LEADS " DANETER |
oetoez o JAMMCIERTYOLF|  MAX |

: 1.500 | 1.250 400

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF 210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN 050 FROM THE GLASS TO 250 FROM THE GLASS.
** AITERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL

. BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

’ T En-
RATINGS: Ef Eb Ec Ehk Rk Rg Ib** Ic* Pp* velope Alt

Absolute v Vdc Vdc v ohms Meg mAdc mAde W % ft

Maximum 6.9 200 -== +200 -—— l.2 15 5.5 === 220 60,000

Design .

Naximum ——— e ——— —-- -—— ——— === == 1.35 === ——

Minimum 5¢7  ==- ——— ——- -— e mem eme eee e-- C mm—

Test Cond:: 6.3 120 0 O BES  ane  wew  mmwm  Smab e -

1/ The values and specification comments presented in this section are
related to MIL-E-1070A dated 4 Dec 1957.

* No test at this rating exists in the specification.

P . .

*% Difficulty may be encountered if this tube is operated for long periods of
time with very small values of cathode current. No specification assurance
of life exists under conditions of cathode current approaching the maximum.
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ACCEPTANCE TEST LIMITS SUMMARY

1000 HR

MEASUREMENT 500 HR
PROPERTY CONDITIONS INITIAL LIFE TEST LIFE TEST] UNITS
MIN | MAX| MIN| MAX] MIN| MAX
Heater Current If 190, 210| 187 217| 177| 223] mA
Transconductance Sm L4300 | 5700 - - - - fumhos
Change in : .
individual A Smt - - - 20 - 30 %
Change in
average AvgA Smt| - - - 15 - - %
Transconductance
change with Ef A SmEf|Ef=5.7V - 5 - 15 = - %
Amplification Factor Mu 22.5 28.5 - - - - -
Plate Current (1) Ib 7.3 11.5) - - - - | mAde
Plate Current (2) Ib |Ec1=-8.5Vdc - 50 - - - - | uAdc
Plate Current (3) Ib |Ec=5Vdc 20 - - - - - | uAde
Pulse Emission is |[Ef=6.0V;e(pulse 300 - - - - - mA
=50V ; Tp=25usec;
prr=200pps
Power Oscillation Po |F=500Mc;Eb=150| 600 | - - - " - w
‘Vdc;Rg/Ib=20
mAdc; NOTE 2
Capacitance No shield,Ef=0
C{gp 1.0} 1.6 - - - - uuf -
c |in 2.0] 3.2 - - - - | uwur
C | out 0.65 |1.05 - - - - uuf
Control Grid
Current Ict 0 |-0.3 0 | -0.6 - |=1.0 | uAde
Control Grid
Emission Ic |Ef=7.5V;Rg=1.0{ O |-O.4 - - ~ - | uAde
Meg;Ec1==10Vdcy
NOTE 1
Heater Cathode
Leakage Ihk | Ehk=+100Vdc - 5 - 10 ! - 15 juAde
Ihk | Enk=-100Vdc - 5 - 10 - 15 fulde
Insulation of
Electrodes R(gi-all)|Eg1-all=-100 250 - 50 - - - | Meg
R(p-all) | Vdc;Ep-all=- 250 - 50 - - - | Meg
300Vdces

Measurement conditions are the same as stated under Test Conditions,
unless otherwise indicated.

NOTE 1:

The tube shall be preheated a minimum of five minutes at test

conditions for this test (except Ec1=0) prior to this test.

NOTE 2:

Test per drawing 226-JAN,
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WITH REDUCED Ef (SmEf) IN MICROMHOS

MIL-HDBK-21l
APPENDIX-A

12 January 1960
JAN-5703WB

LIFE TEST PROPERTY BEHAVIOR
4 DEC. ‘57
PRODUCED IN 1957-'58 BY ONE MANUFACTURER
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PROBABILITY OF SURVIVAL

LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/1070A 4 DEC. '57
PRODUCED IN 1957-58 BY ONE MANUFACTURER
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TUBE TYPE JAN-574LWA STk

DESCRIPTION:

N The JAN-S?MMWAlf is a 5 lead, flat press subminiature triode having a
transconductance ranging from 3200 to 4800 micromhos and a Mu ranging from 60
to 80. The JAN-574LWA has given satisfactory service in voltage amplifier and
other low current applications.

ELECTRICAL: The electrical characteristics are as follows:
Heater VOLbage « s ew e sesomaseseeas s sonasssssenedssesonneesaosd V
. Heater CUTTENE s s v e swe o bir o6 56 & ol 378 18 16700856 % 818 @078 556 5 678 & o8 0050, L OF=217 mA
CatNo0i eie s srs o sie sioie wis 5 07 mies siv o a0 wi0m siae vie v 00w e wie GOBEED Undpotential

OUNTING: Any type mounting 1s adeguate.

- | A
| R |
; ‘ ‘ ‘ { LEAD CONNECTIONS
‘ T3 T3 i
|
< \ | RED DOTY
7N &
REFERENCE
MARK |
(RED DOT) N 4
ADJAGENT ! I ANY NUMBER OF
TOPNT 3 — LJ‘ 2777 LEADS IN LINE
‘ 1 2 3 45
P H HGK
| ta - ——- TINNED WITHIN
B i OF
. oS saceo | THE GuASS PRESs
z 048
£ ¥ ‘ 8.8 Broverll
. | BASE PINCH PRESS
A\ ‘ ! " DIMENSIONS
‘ M« *LEADS MAX DIAMETER
| 016 +:002 A DM TOL_ T MAX
} ~iDOFSD0A; 1.500 [ 1.250 | 100 400
1 u ALL DIMENSIONS IN INCHES
# MEASURE FROM BASE SEAT TG BULE TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .03 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL BE .200 = 015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
T En-
F RATINGS: Ef Eb Ec Pp* Ehk Ip** Rk velope Alt
Design v Vde Vde W Vdc  mAde  ohms “g £5
Maximum 6.9 275 - 1.3 +200 6.5 - 265 60,000
Minimum 57 -~ -59 -——— ~-200 0.5 - -—— ———
Normal 6.3 250 0 i e | 100 4.0 500 —— -
Test Cond: 643 250 0 —-——— 0 -—— 500 -——- -———
A/ The values and specification comments presented in this section are

related to MIL-E-1/84C dated 25 Jul 1956.
* No test at this rating exists in the specification.
L Difficulty may be encountered if this tube is operated for long periods

7~ of time with very small values of cathode current. No specification
assurance of 1life exists under conditions of cathode current approaching

the maximum.
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ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT *100 HR *5000 HR
CONDITIONS INITIAL LIFE TEST LIFE TEST UNITS
PROPERTY
MIN | MAX | MIN | MAX | MIN{ MAX
Heater Current If 183 | 217 | 183 | 217 - - mA
Transconductance Sm 3200 {4800 - - - - | umhos
Change in
individual A Smt - - - 25 - - %
Transconductance
change with Ef A SmEf |Ef=5.5V - 10 - 19 - - 4
Amplification
Factor Mu 60 80 - - - - -
AC Amplification Ep |Esig=200mVacj;| 6.5 - - - - - Vac
Ebb=100Vdc}
Ecc=03Rg=10
Meg sRk=03Rp=
0.5Meg
Plate Current (1) Ib 2:8 | 547 - - - - mAde
Plate Current (2) Ib |Ec=-6.5Vdc - 50 - - - - uAde
Capacitance 0.405 in. dia
shield, Ef=0
C gp 0165 0-95 - - s - uuf
Clin 2.0 3.4 - - - - uuf
C{ out 1.7 3¢1 - - - - uuf
Control Grid
Current (1) Ic - |=0.3 0 |-0.6 - - uAde
Control Grid
Current (2) Ic Note 0 |[|-0.3 0 |-1.0 - - uide
Heater Cathode
Leakage Ihk | Ehk=+100Vdc o 10 - 30 - - uddce
Ihk | Ehk=-100Vdc - 10 - 30 - - uAdc
Insulation of
Electrodes R(gi-all) |Egl-all=-100V| 100 - 50 - - - Meg
R(p-all) Ep=-all=-300V 100 - 50 - - - Meg

Measurement conditions are the saﬁe
unless otherwise indicated.

as stated under Test Conditions,

* Limits for. 100 hours are given and 5000 hour data for information
only 1s required in the specification.

Note: After 5 minutes at Ef=7.0V measure grid current at Ef=7.0V. Three—
minute test not permitted.
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DESIGN CENTER CHARACTERISTICS
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MIL-HDBK-211

PN APPENDIX=A
12 January 1960
TUBE TYPE JAN-5744WB JAN-574 W3
DESCRIPTION:
I The JAN-S?HNWBl/ is a 5 lead flat press subminiature triode having a

transconductance ranging from 3400 to 4600 micromhos, and a Mu ranging from 60
to 80. The JAN-5744WB has given satisfactory service in voltage amplifier and
other low current applications.

ELECTRICAL: The electrical characteristics are as follows:
Heater Voltage. oew siem sme sies o diors i vai oioe oo sioeiaies ois e sneasesnbded V
Heater Current...-..........-.-.-....-.............-.......190—210 mA
Cathode....q--......,....................-......Coated Unipotential

IUNTING: Any type mounting is adequate.

LEAD CONNECTIONS
< l RED DOT
[~ 3 .
REFERENCE
MARK
soceat T i ! :
10PN 1 : VIR O e oyerri
e 400 MAX. V2 8 4.8
) P HHGK
I < ~= TINNED WITHIN
! il )H LeADs SPACED THE GLASS. PRESS.
. i - 8SE (oo co <) PINCH PRESS
DIMENSIONS
>l *LEADS
i aye + 002 e i T3 YO
Amr“ =001 DA 1.500 | 1.250 | 100 400
X (| ALL DIMENSIONS IN INCHES
# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL.BE .200 = .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
T En-

A RATINGS: Ef . Eb Ec Ehk Rk Rg Ib** Ic* Pp* velope Alt
Absolute v Vde Vde v ohms Meg mAdc .mAdc W o¢ ft
Maximum 6.9 275 --- 200 -—— 1.2 6.5 1.0 === 220 60,000
Design
Maximum -—— -—— -—— -——— -—— -——— -—— === 1.3 -—— -—
Minimum L1 d -—— =55 == -—— == 0.5 em= eme  aea ——
Test Cond: 6.3 259 0 .0 500 ===, =ee ccs ese  e-- o

A/ The values and specification comments presented in this section are
related to MIL-E-1/1073A dated 4 Dec 1957.
* No test-at this rating exists in the specification.

*% Difficulty may be encountered if this tube is operated for long periods
~—~ of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching
the maximum.
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JAN- W3
S7LY ACCEPTANCE TEST LIMITS SUMMARY
MEASURZMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL LIFE TEST LIFE TEST UNITS
MIN | MAX | MIN | MAX MIN MAX
Heater Current IT 190 | 210 | 187 | 217 | 177 | 223 mA
Transconductance sm 3400 (4600 - - - - | umhos
Change in .
individual A Smt - - - 20 - 30 %
Change in
average AvVg A Smt|. - - - 15 - - %
Transconductance .
change with Ef ASmEf |Ef=5.7V - 5 - 15 - - Y4
‘|Amplification )
Factor Mu 60 80 - - - - -
AC Amplification Ep |Esig=0.2Vac; | 6.5 - - - - - Vac
Ebb=100Vdc;} :
Ecc=03Rg1=10
feg 3Rp=0.5Meg;
Rk=0
Plate Current (1) Ib 2] 552 - - - - mAde
Plate Current (2)° Ib |Eec1=-6.5Vdc - 50 - - - - uAde
Plate Current (3) Ib |Eci=-L4.0Vde 5 - - - - - uAde
Capacitance 0.405 in. dia.
shield, Ef=0
C |gp 0.65 10.9 - - - - uuf
C|in 2.0 3. - - - - uuf
C Out 1. 3 .O - s - - uur‘
Control Grid
Current Ic - -0.3 - =0.6 - | =-1.0| uAdc
Control Grid
Emission Ic £=7.5V;Eci= - |-0.4 - - - - uAde
-10Vdc. Note
Heater Cathode :
Leakage Ihk | Ehk=+100Vde - 5 - 10 - 15| uAde
Ihk | Ehk==-100Vdc b - 10 - 19 uAde
Insulation of
Electrodes R(g1-all)|Egl-all=-100V | 100 - 50 - - - Meg
‘ R(p-all) Ep-all=-300V 100 - 50 - - - Meg

Measurement conditions are the same as stated under Test Conditions,
unless otherwise indicated.

Note:

for this test (except Ec1=03; Rg=1.0 Meg) prior to this test.

The tube shall be preheated a minimum of five minutes at test conditions
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12 January 1960
JAN-STLLWB
DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
14 ]
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JAN-57LLWB

LIFE TEST PROPERTY BEHAVIOR
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PRODUCED IN 1957-'59 BY ONE MANUFACTURER
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JAN-5755

TUBE TYPE JAN-5755
DESCRIPTION:

The JAN-57551/ is a 9 pin miniature, twin triode having a Mu in the range
of 63 to 77 and transconductance in the range of 1100 to 2000 micromhos. Each
triode is electrically independent, although the two heaters have a common
connection. A "mechanical stability" test for balance exists in which the tube
is tapped at shock levels of 400 and 600 G.

ELECTRICAL: The electrical characteristics are as follows:

- Series Parallel
Heater Voltage........................................12.6 \'s 6.3 \'s

Beater CUTTeNt ve v s vis s sis adn samanas s vseus smosensewl00=195 mA  330=390;mA
CathodeeescesescoscsecsrsssnsssosssssessccccaceeccsssscesesCoated Unipotential

MOUNTING: Any type mounting is adequate.

LEAD CONNECTIONS

o % MAX, -

IFHY
1] -
L)

L
o ? i 040,002 DIA
wexme § 8 9 PINS
——*——j}—r— MINIATURE 9-PIN BUTTON
TR
9-PIN MNIATURE
67
2

*REFERS TO JETEC PUBLICATION JO-G2-2, MARCH 1955 SUPERSEDED BY JO-02-2, MARCH 1958

SOREPIRS TO MTEC PUBLICATION JO-G3-1, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 19358

f MEASURE PROM BASE SEAT TO BULE TOP-LINE AS DETERMINGD BY RING GAGE OF 7/14 1D,
ALL DIMENSIONS IN INCHES

RATINGS "Ef Eb Ec Ehk Pp/p* Alt*
Absolute v Vdc Vde v W ft
Maximun 6.3-12.6 250 —— 75 1.0 10,000

* 10%
Test Conds 6.3 180 o] —— - -
1/ The values and specification comments presented in this section are

related to MIL-E-1/167 dated 20 May 1953.

* No test at this rating exists in the specification.
Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current. No specification

assurance of life exists under conditions of cathode current approaching
the maximum. =
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12 January 1960
JAN-5755
ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT . 500 HR . 1000 HR
PROPERTY CONDITIONS IAL LIFE TEST | "L TEST | UNITS
MIN| MAX| MIN| MAX| MIN| MAX
Heater Current It 330) 390 - - - - mA
Transconductance Sm 1100 | 2000 | 1000 - - - | umhos
Transconductance
- Change with Ef A SmEf|Ef=5.7V - 15 - - - - %
Amplification
Factor Mu |Eb=110Vdc3Ec/ 63 77 - - - - -
Ib=0.150mAdc
Plate Current Ib 1.3 2.9 - - - - | mAde
Control Grid
Current Ic |Eb=110Vdc;Ec/ - |-.001 - - - - | uAde
Ib=0.150mAdc +200 uuAde
Heater Cathode :
Leakage -Thk|Ehk=+100Vdc - 20 - - - | uAdc
Thk|Ehk=-100Vdc - 20 - - - uAde
*Drift Test AEc - 5 - - - - | mVde
*Electrical
Stability AEc - 2 - - - - | mVde
*Mechanical -
Stability A Ec - 25 - - - - | mVde
*Balance A E1cE2¢ - | 0.3 - - - - Vde

Measurement conditions are the same as stated .under
unless otherwise indicated. '

* See specification for additional information.

Test Conditions,
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JAN-5755

DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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JAN-5755
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MIL-HDBK-21l
- APPENDIX-A ’
12 January 1960
TUBE TYPE JAN-5784WA JAN-578LWA

DESCRIPTION:

The JAN-578MWA1/ is a flat press, seven lead subminiature, dual control,
pentode having a transconductance in the range 2650 to 3950 micromhos.

ELECTRICAL: The electrical characteristics are:as follows:
Heater voltagel.........‘.OQDIOO....l0...'..‘......'....Q.Q"...'603 v
Heater Current.l..l..00.0!.‘.'.....'...I.......l....‘.....183-217 mA
CathodCessesesssecssrcesscsanssssscssassesssesessCoated Unipotential

‘MOUNTING: Any type mounting is adequate.

LEAD CONNECTIONS

TOPNI

1% MIN.

BASE (2000000 ) PINCH PRESS

DIMENSIONS

B
A““me(‘ﬁﬁrﬁr MAX.

C MAX|D MAX
1500 | 1300 | 100 | .385| .285
ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL BE .200 == 015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE.CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

T En-
- RATINGS: Ef Eb Ecl Ec2 Ec3 Ehk Icl Rk Rgl Ik**Pp* Pg2* Ic3 'velope Alt

Design V Vdc Vde Vde Vde v mAdc ohms Neg mAde W W mAde “c o g
Maximum 6.9 165 O 155 30 200 1.0 =--- 1.2 16.5 0.79 0.6 0.2° 220 60,000
Minimum 5.7 === =55 === =55 cee ece e --- i e
Test Cond: 6,3 120 O 1200 O O === 230 === === === == S

A/ The values and specification comments presented in - this section are
related to MIL-E-1/88D dated 26 Dec 19%56.

* No test at this rating exists in the specification.
*K Difficulty may be encountered if this tube is operated for long periods

of time with very small values of cathode current. No specification

assurance of life exists under conditions of cathode current approaching
7 the maximum.
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JAN-578LWA
ACCEPTANCE TEST LIMITS SUMIIARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL | LIFE TEST | LIFE TEST | UNITS
MIN MAX MIN HAX MIN MAX
Heater Current If 183 | 217 | 180 | 220 | 177] 223 mA
Transconductance (1) Sm 2650 (3950 - - - - umhos
Change in ;
individual A Snmt - - - 20 - 30 %
Change in
average AvgA Smt - - - 15 - - 7
Transconductance R i
change with Ef A SmEf |Ef=5.7V - 15 - 15 - - %
Transconductance(3)Sg3-p Ec3=-1.0Vdc;f L00 1iOO - - - - umhos
Transconductance(4)Sg3-p| Ec3=+22Vdc; * - 25 - - - - umhos
Plate Current (1) Ib 3.9 | 7.1 - - - - mAdc
Plate Current (2) Ib | Be3=-10Vdc* - 200 - - - - uAde
Plate Current (3) Ib | Ec3=-6Vdc* 5 - - - - - ulde
Plate Current (4) Ib | Ee1=-9Vdc - 200 - - - - uAde
Plate. Current (5) Ib | Ec1=-5Vdc 5 - - - - - ukde
Screen Current Ic2 2.8 | 5.k - - - - mAdc
Capacitance 0.405 in. dia
shield, Ef=0
Cleglp - 10.030} - uuf
Clin 35| 5.5 - - - - uuf
C| out 2.8 | Lk.h - - uuf
Control Grid
Current (1) Ic1 ~ |-0.3 0 |-0.9 o1l -1.0 utde
Control Grid
Current- (2) Ic1 | Ef=7.0V Note o |-0.95 - - - - uAdc
Heater Cathode
Leakage Ihk | Ehk=+100Vdec 5 - 10 - 15 uldc
Ihk | Ehk=-100Vdc - 5 = 10 - 15 uAdc
Insulation of
Electrodes R(g1-all) |Eg1-all=-100V| 100 50 - - Meg
R(g3-all) |Eg3-all=-100V| 100 - 50 | - - - Meg
R(p-all) Ep-all=-300V | 100 50 - - - Meg

Measurement conditions are the

unless otherwise indicated.

Note:

same as stated under

Test Conditions,

for this test (except Rgl1=1.0 Meg) prior to this test.

The tube shall be preheated a minimum of five minutes at test conditions

* The reference point for Ec3, on this test, shall be the negative side of
the cathode resistor.
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12 January 1960
JAN-578LWA
DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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TRANSCONDUCTANCE
WITH REDUCED Ef (SmEf) IN MICROMHOS

MIL-HDBK-211

APPENDIX-A

TRANSCONDUCTANCE (Sm) IN MICROMHOS

PLATE CURRENT (Ib) IN MILLIAMPERES

12 January 1960
JAN-578L WA

LIFE TEST PROPERTY BEHAVIOR
26 DEC ‘56
PRODUCED IN 1958-'59 BY ONE MANUFACTURER

MIL-E-1/88D
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MIL-HDBK-211
- APPENDIX-A
12 January 1960
TUBE TYPE JAN-581L4A JAN-5814A
DESCRIPTION:

- The JAN-5814A1/ is a9 pin miniature medium-mu twin triode having separate
cathode cohnections. The heater may be connected for either series or parallel
operations. The JAN-5814A has a Mu in the range 15.5 to 18.5 and a transconduct-
ance ranging from 1750 to 2650 micromhos. & :

ELECTRICAL: The electrical characteristics are as follows:
Heater VoLbage e se e iie siois sie o166 o76 sies eisswi 08 60 wio msie o6 5 st e woa o1 260 Op 6.3V
Heater Current...................-.-..............-...-......175 or 350 mA
Cathod@essessssssvsasnansnsssnrssrsnsnsssssssscsssssesseboated Unipotential

MOUNTING: Ahy type mounting is adequate.

- % MAX.

"\

4

i3 § TH &4
3N 3z
= - 2 040,002 DIA
wexm B 9 PINS
—I—I—:— MINIATURE 9-PIN BUTTON
E9-1**
9-PIN MINIATURE
67
&2
. *REFERS TO JETEC PUBLICATION JO-G2-2, MARCH 1955 SUPERSEDED BY JO-G2.2, MARCH 1958
*SREFERS TO JETEC PUBLICATION JO-G3-1, MARCH 1955 SUPERSEDED BY JO-G2-2, MARCH 1958
# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF 7/16 1D,
ALL DIMENSIONS IN INCHES
T En-
RATINGS: Ef Eb Ec Ehk Rg/g 1k/k** Ic/g* Pp/p velope Alt
Absolute v Vde Vde v Meg mAde mAde W oc Tt
Maximum 12.8 330 0 100 0.5 22 5.0 3.0. +165 60,000
- Minimum 135:% cme =55 wew  eme -—- -— —— -——- NEE:
Test Condt 12,6 250 <8.5 0  =m= = mem eme e -

J/ The values and specification comments presented in this section are
related to MIL-E-1/12_A dated 23 Dec 19595.

% No test at this rating exists in the specification.

& Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching
the maximume.

Notet °“If altitude rating is excesded, reduction of instantaneous voltages
(Ef excluded) may be required.
7
P
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JAN-5814A 'ACCIPTANCE TEST LIMIT SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL LIFE TEST LIFE TEST | UNITS
MIN MAX MIN MAX MIN] MAX
Heater Current 1L 160 190 160 193 160 196 mA
Transconductance(1) Sm 1750 | 2650 - - - - | umhos
Change in
individual ASmt - - - 15 - 15 %
Change in
average Avg ASmt - - - 10 - - %
Transconductance
change with Ef ASmEf | Ef=11.4V - 15 - 15 - - %
Transconductance(3) Sm | Eb=100Vdc; 2500 | 4000 - - - - | umhos
Ec=0
Amplification Factor Mu 155 118,95 - - - - -
Plate Current (1) Ib 6.5 | 14.5 - - - - mAdc
Plate Current (2) Ib | Ec=-30Vdc; - 20 - - - - uhdc
Rp=0.1Meg
Plate Current (3) Ib Ec=-18Vde 5 - - - - - uAde
Plate Current (1) Ib - 345 - - - - mAdc
difference between
sections
Capacitance No shield,
Ef=0
c|egp 1:2041:80 ) "= - “ - uuf
Clin 129 | 1.99 - - - - uuf
CJout 1 0.30 | 0.70 - - - - uuf
C|out 2 0.20 [0.60| - | - - - uuf
Control Grid Ic Rg=0.5Meg -0.5 0 -0.5 0| -0.5| wuAde
Current
Control Grid Isc | Ef=15.0V - -1.95 - - - - uAdc
Emission Ec=-30Vde
Rg=0.5Meg
Note
Heater Caihode
Leakage Ihk | Ehk=+100Vdc 7 - 7. - 7 uAde
Ihk | Ehk=-100Vdec - i - 7 - 7 uldc
Insulation of R(g1-all) | Eg1-all=-100V| 500 - 250 - - - Meg
Electrodes R(p-all) Ep-all=-300V 500 - 250 - - - Meg

to this test.

‘Measurement conditions are the same as stated under Test Conditions,
unless otherwise indicated.

Note: The tube shall be preheated a minimum of five minutes at test conditions
for this test (except Ef=15 V; Ec=-8.5 Vdc; Eb=200 Vdc; Rg=0.5 Meg) prior

152
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DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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TRANSCONDUCTANCE

WITH REDUCED Ef (A SmEf) IN MICROMHOS

MIL-HDBK=-211
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JAN-581LA

LIFE TEST PROPERTY BEHAVIOR

MIL-E-1/12A

23 DEC. ‘55

PRODUCED IN 1956-'59 BY FOUR MANUFACTURERS
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LIFE TEST PROPERTY BEHAVIOR JAN-581LA
.~ MILE-1/12A 23 DEC. ‘55
PRODUCED IN 195659 BY FOUR MANUFACTURERS

@ a L N = 1280 8 N=1280 L N=2874 g i N= 1414 . N=1414 | N =998
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LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/12A 23 DEC. ‘55
PRODUCED IN 1956-'59 BY FOUR MANUFACTURERS
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DESCRIPTION:

TUBE TYPE JAN-5840

MIL-HDBK-211
APPENDIX-A

12 January 1960
JAN-58L.0

The JAN-S8#01/ is an 8 pin subminiature, sharp cutoff pentode having a

transconductance in the range 4200 to 5800,

The JAN-5840 is identical to

JAN-6205 except grid No. 3 and the cathode are internally connected and is
similar in plate characteristics to JAN-5702WA and the miniature type JAN-5654/

6AK5W e

ELECTRICAL: The electrical characteristics are as followss
Heater Voltage...-.....---..-..-...--.............................6.3 \'s
Heater CurrenticcsssccsscesvssssssssosssssssesscscessecessesseltO=160 mA
Cathode................-.....n.............g..-u-.Coated Unipotential

MOUNTING: Any type mounting is adequate.

po- OSA, =

TINNED WITHIN

.050 OR LESS OF
THE GLASS PRESS

LEAD CONNECTIONS

DIMENSIONS

DIAMETER
AN SR TTOL ¥ MAX,
1375 1 1.075 | .08 00

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 == .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

RATINGS: Ef Eb Eci
Absolute V  Vde Vde
Maximum 6.6 165 O
Minimum 6.0 === =55

Test Cond: 6.3 100 0

Ec2
Vde
155

100

Ec3
Vdc
22

0

Ehk

v

0]

Rk
ohms

150

) T En-
Rg1 Ik* Pp Pg2 velope Alt
Meg mAde W W oc ft
1.1 16.5 0.80 0.35 +220 60,000

Note

1/ The value and specification comments presented in this section are related
to MIL-E-1/140B dated 5 Aug 1955.

» Difficulty may be encountered if this tube is operated for lorg periods
of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching

the maximum.

Note: If altitude rating is exceeded, reduction of instantaneous voltages
(Ef excluded) may be required.
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I
JAN-58LL0 ACCEPTANCE TEST LIMITS SUMMARY
. MEASUREMENT i 500 HR LlOOO HR
PROPERTY CONDITIONS INITIAL LIFE TEST IEQ TEST UNITS
1 MIN MAX | MIN MAX MIN MAX
Heater Current Ir 140 | 160 | 138 | 164 - - mA
Transconductance Sm L4200 |5800 - - - - umhos
Change in
individual ASmt - - - 20 - - %
Change in
average Avg ASmt - - - 15 - - %
Transconductance
Change with Ef ASmEf|Ef=5.7V - 10 - 15 - - %
Plate Resistance Tp 0.175| - - - - - Meg
Plate Current (1) Ib 5.5° 9.5 - - - - mAdc
Plate Current (2) Ib |Ec1=-9.0Vdc; - 50 - - - - uAde
Rk=0
Screen Grid
Current Ic2 1.5 | 3.3 - - - - mAde
Capacitance 0.405 in. dia
shield, Ef=0
Ciglp - 0.015] =~ - - - uuf
C in 3.5 l+o9 - - - - uuf
Clout 2.9 3.9 - - - - uuf
Control Grid ) .
Current Ic1|Rg1=1.0Meg 0 |-0.3 0 |-0.8 - - uAde
Control Grid
Emission ,Ic1|Ef=7.5V;Eci= 0 |-0.5 - - - - uAde
-9.0VdesRgl=
1.0Meg3Rk=0
Note
Heater Cathode .
Leakage Ihk|Ehk=+100Vdc - 5.0 ~ 10 - - uAde
Thk|Ehk=-100Vde - |50} - 10| - - vAde
Insulation of
Electrodes R(g1-all) |Egi-all=-100V| 100 - 50 - - - Meg
R(p-all) |Ep-all=-300V | 100 - 50 - - - Meg
Measurement conditions are the same as stated under Test Conditions,

unless otherwise indicated.

Note:

The tube shall be preheated a minimum of five minutes at

test condition

for this test (except Ec1=0; Rk=150 ohms) prior to this test.

]
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DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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JAN-58L0
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LIFE TEST PROPERTY BEHAVIOR
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LIFE TEST PROPERTY BEHAVIOR
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TUBE TYPE JAN-5899 JAN-5899
DESCRIPTION:

The JAN-58991/ is an 8 lead, button base, subminiature, semi-remote cut-off
pentode having a transconductance in the range of 3800 to 5200. The JAN-5899 is
identical to Type 6206 except suppressor grid is internally connected.

ELECTRICAL: The electrical characteristics are as follows:
Heator VOLBHEE se vies sie oiein s1s 0 01 o 90 aie s aie o160 & 08 w10 0, 038 ois 0018 /90 910 a0 w9 603 V
JHeBLET CUPTEN s 5.6/ 66 66 600 ¢ ais o6 5 518 876 .65 58 & 526 bra o008 oie o o ovn 0 020 o0 H0=160 A
Cathod@eseoeescecepscoecssssssescscsssscsnsssssscseCoated Unipotential

MOUNTING: Any type mounting is adequate.

- DIA. o LEAD CONNECTIONS

i

#3

TINNED WITHIN
.050 OR LESS OF L ™\
THE GLASS PRESS ‘ I\~ *BAsE, SUBMINIATURE
Ittt 8 PIN WITH
W .‘ Lor«i LEADS
| ; .002
“i [ & 7 _ 001 pia
I X
,r! 1 - DIMENSIONS
Mf | AMAX. B TTOL =] MAX
‘]H 1.375 | 1.075 | .00 400
il ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

T En-

RATINGS: Ef Eb Ecl Ec2 Ec3 Ehk Rk Rgl Ik* Pp Pg2 velope Alt

Absolute v Vde Vdc Vde Vde v ohms Meg mAde W W oc Ft

Maximum 6.6 165 O 155 22 200 === 1.1 16,5 === === 4220 60,000

Design

Maximum e mmow e mwe wew  wes m—— wow 005 0,25 wem  wo
Minimum Bl == M == e s sl S -
Test Cond: Bef: 100 B B B 0 D enw. el e B Cheas e

g The values and specification comments presented in this section are
related to MIL-E-1/97D dated 22 Oct 1957.

* Difficulty may be encountered if this tube 1s operated for long periods
of time with very small values of cathode current. No specification
:gsurange of life exists under conditions of cathode current approaching-

e maximum.
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JAN-5899 ACCEPTANCE TEST LIMIT SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL |LIFE TEST LIFE TEST UNITS
MIN MAX MIN MAX MIN b ;
Heater Current If 140 | 160| 138 | 164 - - mA
Transconductance(1) Sm 3800 | 5200 - - - - | umhos
Change in
individual ASmt - - - 20 - - %
Change in g
average Avg ASmt - - - 15 - == %
Transconductance
change with Ef ASmEf | Ef=5.7V - 10] = 150 - = %
Transconductance(3) Sm Ec13-1thc; 1.0 75 - - - - | umhos
Rk=
Plate Resistance Tp 0.1794 - - - - - Meg
Plate Current Ib 5.2 9.2 - - - - mAdc
Screen Grid
Current Ic2 1.0 3.0 - - - - mAdc
Capacitance 0.405 in.dia.
shield, Ef=0
C|glp - pP.015 - - - - uuf
-C |in 3.5 4.5 - - - - uuf
C | out 2.9 3.9 - - - - uuf
Control Grid
Current Ie1 |Rg1=1.0 Meg 0 |-0.3 0 |-0.8 - - uAde
Control Grid
Emission Ict |Ef=7.5ViEc1= | "0 | -0.5 - ~ - - ulde
-14Vdc;Rgl=
1.0Meg;Rk=03
NOTE
Heater Cathode .
Leakage Ihk| Ehk=+100Vdc - 5.0 - 10 - - uAde
Ihk| Ehk=-100Vdc - 5.0 - 10 - - uAde
Insulation of R(g1-all) |Eg1-all=-100V| 100 = 50 = - = Meg
Electrodes R(p-all) Ep-all=-300V | 100 - 50 - - - Meg

for this test (except Ec1=0; Rk=120 ohms) prior to this test.

Measurement conditions ‘are the same as stated under Test Conditioné,
unless otherwise indicated.

iNOTE: The tube shall be preheated a minimum of five minutes at test conditions
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JAN-5899

DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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TRANSCONDUCTANCE
WITH REDUCED Ef (SmEf) IN MICROMHOS
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LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/97D
PRODUCED IN 1955-'58 BY THREE MANUFACTURERS

w
o
o =
3
g
=
Z. //////////l””””’ 3
3 ¥
5 7
Z
5}
=3
Q
z
]
2 2700 |- ALD=800 L
<
= )
A
L
0 HOWR 500 HOUR 1000 HOUR

DISTRIBUTION OF TRANSCONDUCTANCE Ef=6.3Y

N=270 N =380 N=78

8
8

AN

0 HOUR 500 HOUR 1000 HOUR
DISTRIBUTION OF TRANSCONDUCTANCE Ef=5.7V

TRANSCONDUCTANCE
CHANGE WITH TIME (ASmt) IN %

TRANSCONDUCTANCE
CHANGE WITH Ef (ASmEf) IN %

23

16

20

24

JUNE ‘55

LINE OF
MEANS

7 ’
| Avg=15% MAX.

0 HOUR 500 HOUR 1000 HOUR
DISTRIBUTION OF (Sm) CHANGE WITH TIME

N=134

*\:

A
'//// u//////////
/ 22

///// 7
m

LINE OF
MEANS

0 HOUR 500 HOUR 1000 HOUR
DISTRIBUTION. OF (Sm) CHANGE WITH Ef -

///

’//////
6.2 W ///////////4

PLATE CURRENT (Ib) IN MILLIAMPERES

"////

0 HOUR

500 HOUR
DISTRIBUTION OF PLATE CURRENT

173

1000 HOUR



IMIL-HDBK=-211
APPENDIX-A .

12 January 1960
JAN-5899

LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/97D 23 JUNE ‘55
PRODUCED IN 1955-58 BY THREE MANUFACTURERS

N =270 N = 280 N=230 N =425 N=13
© 30 b7 “Seec. max.” W Il TSPEC. MAX.
& & L, _SPEC. MAX. :
§ 246 158 ¢
g "LINE OF g //7 -
Z 22 - : 152 ,// ,,,,, W
3 //,///// & 2 5
£ 18 ¢ //// {// = ws 2 ///////
E ///// 2 LINE OF
3 3 MEANS
- T4 - w140
3 v & __ _SPEC. MIN.
2‘99 to[--SECMN L — g 1:;4

vV
A 7 a 1
* 0 HOWR 500 HOUR 1000 HOUR 0 HOUR 500 HOUR 1000 HOUR
DISTRIBUTION OF GRID #2 CURRENT DISTRIBUTION OF FILAMENT CURRENT

g N =425 N =435 N=134 2 N =425 N=435 N=134
& 0.96 — == pous § 100 [~ I~ spEc. MAX. . |
g SPEC. MAX, e - SR M
= 080 [~ - = M S 300 - —
3 =
z z
; 0.64 (— s == E 1.00 }— - ==
3 -
% 0.48 |— - - 2 030 = -
] \ ]
% 0.32 |— _SPEC. MAX. |- - ‘é ow'r — —
g 0.16 |- = Q 003 f =
5 " a3 | 435 132 § ’///////// 423 134
© 2k Vi % ¢ AN\

0 HOUR 500 HOUR 1000 HOUR 0 HOUR 500 HOUR 1000 HOUR

DISTRIBUTION OF CONTROL GRID CURRENT  HEATER-CATHODE LEAKAGE
N =425 N=435 N=134 ' N=134

= 8 83

8
INSULATION RESISTANCE (Rp-all) IN MEGOHMS

INSULATION RESISTANCE (Rg-all) IN MEGOHMS

0 HOUR 500 HOUR 1000 HOUR 0 HOUR 500 HOUR 1000 HOUR
DISTRIBUTION OF INSULATION RESISTANCE DISTRIBUTION OF INSULATION RESISTANCE

174



MIL-HDBK=211
APPENDIX=-A

12 January 1960
JAN-5899

LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/97D 22 OCT.’'57
PRODUCED IN 1955-'58 BY FOUR MANUFACTURERS
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TUBE TYPE JAN-6021 JAN-6021

DESCRIPTION:

a Mu
63500

The JAN-60211/ 1s an 8 lead, button base subminiature twin-triode having
in the range of 30 to 40 and a transconductance in the range of 4450 to
The JAN-6021 is similar in plate characteristics to the miniature type

JAN-5670.

ELECTRICAL: The electrical characteristics are as follows:

Heater Voltagesssws cuvvwesmeesesisnseosaesessesssevessesevesesessdsd W
Heater Currentecccacesscscesosscccossscccossscosscssnccsccscsees300 mA
CathodeeecssesscecerosocoocsescsssssasssscscscsesssssCoated Unipotential

MCUNTING: Any type mounting is adequate.

[+ DiA. LEAD CONNECTIONS

TRAED WITHN | _‘I el
050 OR LESS OF —] =
THE GLASS PRESS | :A;Eﬁ sxmmmun
J} il LONG LEADS
/-4 + .002
m[ | 2 °7_ 001 Dia UN?§§ONS
HI | - 5i
NV: ¢ AMM D [TOL E| WA,
N 1375 1 1.075 | 060 b
M m] l ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCURIMENT
CONTRACT OR TS8S. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

RATINGS: Ef Eb Ec Ehk Rk/k Rg/g Ib/b* Ic/c* Pp/p ﬁé‘;g Alt
Absolute V  Vde Vde v ohms Meg mAde mAdc W oc £t
Maximum 6.6 165 0 200 --- | 22 95 0.7 +220 60,00C
Minimum 6.0 === =55 ecee  aa- -—- —— —— ——= —n,  TES

Test Cond: 6.3 100 O =--- 150 — ——— B - - -

1/ The values and specification comments presented in this section are

related to MIL-E-1/188B dated 23 Aug 1955.

Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching
the maximum. :

Note: If altitude rating is exceeded, reduction of instantaneous voltages

(Ef excluded) may be required.
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JAN-6021
- ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 IR
PROPERTY CONDITIONS INITIAL LIFE TEST | LIFE TEST | UNITS
MIN | MAX | MIN | MAX | MIN | MAX
Eeater Current If 280 | 320 | 276 | 328 | - - mA
Transconductance (1) Sm k450 6350 - - - - umhos
Change in : .
individual A Smt - - - 25 - - Go
Change in
average Avg A Snit - - - 15 - - %
Transconductance . g
Change with Ef A SmEf |Ef = 5.7 V - 15 - 15. - - %
Amplification Factor Mu 30 ‘40 - - - - -
Plate Current (1) Ib L.s | 8.5 | = - - - mAdc
Plate Current (2) Ib |Ec = -6.5Vde; | - 100 - - - - uAdce
Rk = 0
Plate Current (1) Ib - 1.6 - - - - mAdc
difference between
sections
Pulse Emission is | Ef=6.0V; 300 - - - - - ma
E pulse = 50V
tp=25 u secj;
prr = 200 pps
Capacitance Ef =0
No shield
C| gp 1.2 | 148 - - - - uuf
C| in 148 | 3.0 - - - - uuf
Cl out (1) 0.20 [0.36 - - - - uuf
Cl out "(2) 0.22 |0.42 - - - - uuf
Cl gg - 0,013 - - - - uuf
C| pp - |o0.527| - = - L auf
Control
Grid Current - Ie | Eb=150Vdc; 0 |-0.3 0 '{-0.9 - - uAde
. Rk=3003;Rg=1.0
Meg
Control )
Grid Emission Ic | Ef=7.5V3Ec=-75 0O |-0.95 - - - - ulde
Vdc;Eb=150Vdc;
Rk=03Rg=1.0Meg
Note:
Heater Cathode ]
Leakage Ihk Ehk=+100Vdc - 5.0 - 10 - uAdc
Ihkl Ehk=-100Vdc - |-5.0 - -10 - - uhde
Insulation of
Electrodes R(g-all) |Eg-all=-100Vdc 100 - 50 - - - Meg
. R(p-all) | Ep-all=-300Vdc| 100 - 50 - - - Meg
Measurement conditions are the same as stated under Test Conditions,

unless otherwise

Note:

indicated.

The tube shall be preheated a minimum of five minutes at

test conditions
for this test (except Ec = O; Rk = 500) prior to this test.
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DESIGN CENTER CHARACTERISTICS
OSTAINED FROM DATA PUBLISHED BY ORIGINAL
RETMA REGISTRANT
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LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/1888B 23 AUG. ‘55
PRODUCED IN 1956-'58 BY THREE MANUFACTURERS
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LIFE TEST PROPERTY BEHAVIOR
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MIL-HDBK-211
APPENDIX-A
‘ 12 January 1960
TUBE TYPE JAN-6110 JAN=-6110

DESCRIPTION;
The JAN-ellOl/ is an 8 lead, button base, subminiature, double diode.
ELECTRICAL: The electrical characteristics are as follows:

HEATEPA V01T ;.o ireisieiaianieislomomory vina s wrpibiorariisraiats shovs s relave sy aiars et sis atorentsrard De OV
Headter Guyrent, DeSign COMEOT ee e naesieareisis:eeismessias e sissssesssewiod M

ERCAthode 1o iiimass cmmenvihnsmaiewsesn v naans wevessinws«Coated Unipotential

MOUNTING: Any type of mounting is adequate.

r-— DIA.
((’\ - LEAD CONNECTIONS
" G
¥} o — 81208
AR

DIMENSIONS
DIAMETER |
| AMAX SIRTTOL ] MAX. |
1375 | 1.075 | .060 400
ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

3 T En-
RATINGS: Ef Epp/p epx Ehk RL CL Io/p ib/p surge/p velope Alt
Absolute v Vac v v ohms uf mAdc ma ma °c ft
Maximum 6,6 --- 460 350 ~--- - 4,4 26.5 160 #220 60,000
. Note
Minimum 6.0 === === =fe mee ee eee eeemme mem e
TEST COND,: 6,3 165 -== === 20,000 8§ === - ——- - -

*¥% Difficulty may be encountered if this tube is qperated for long periods
of time with very small values of cathode current.

Note: If altitude rating is exceeded, reduction of instantaneous voltages
(Ef excluded) may be required.

1/ The values and specification comments presented in this section are
related to MIL-E-1/725C dated 26 Dec 1956. ¢
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MIL-HDBK-211

APPENDIX=-A
12 January 1960
JAN-6110 _
ACCEPTANCE TEST LIMITS SUMMARY
500 HR 1000 HR
MEASUREMENT INITIAL LIFE TEST LIFE TEST
FROPERTY CONDITIONS MIN HMAX MIN MAX MIN MAX UNITS
Heater Current If 140 160 138 164 —— - mA
Operation Io See note T8 - 6.8 e S -— mAdc
Plate Current Ib Ebb=0; 2.0 22 | === | === | === | --- uAdc
Rp=40, 000
ohms
Difference
between Sections Ib el - TR - e | = uAdc
Emission © Is Eb=10 Vdc 7.5 mem | wme | o= | —e= | === | mAdc
Capacitance 0.405 in, dia,
shield, Ef=0
Cllp to 2p -=-= 10.026| --- cmm | e | ——- uuf
clip to h+lk+sd | 1.8 | 2.6 | === | === | === | =-- uuf
Cl2p to ht2kesd | 1.8 [Z236 | =5 | <u=i] ===Ffes= uuf
Cllk to h+lp+sd | 2.1 | 3.1 | === | == | === | --- vuf
Cl2K to h¥2pesd | 2:d | Bl | =mr | === | === | === uuf
Heater-Cathode
Leakage
. Ihk |Ehk=+100 Vd¢c |--- ~10 | === 20 | === | === | uAdc
Ihk |Ehk=-100 Vd¢ |---| -10 | === | =20 | === | === | uAdc
Insulation of
Electrodes R(p-all) Ep—a11=-320 100 | === 25 | === | === | --- Meg
. C 3

Measurement conditions are the

unless otherwise indicated.

Note: In a full wave circuit, adjust Zp (per plate) so that a_bogie tube
8.8 mAdc and ib not less than 24 ma per plate.

gives Io

-tube has a tube drop Etd = 10 Vdc at Is = 15 mAdc per plate.

A bogie

same as stated under Test Conditions,

SIGNAL RECTIFIER APPLICATION: Chart "A" relates boundaries of permissible

operation and the questionable area of operation to the plate characteristics,
A further explanation of this curve is found in the basic section of Part III
under Applications of Diodes, Permissible Operation Conditions,

SUPPLY VOLTAGE RECTIFIER APPLICATION:
areas of permissible operation,
simultaneously in capacitor-input filter applications.

Rating charts I, II, and III represent
Requirements of all charts must be supplied
A further explanation

of these curves is found in the basic section of Part III under Application of

Diodes, Rating Charts,
TYPICAL PLATE CHARACTERISTICS:

by the original RETMA registrant of the type.

LIFE TEST PROPERTY BEHAVIOR: These charts are from data supplied by the
manufacturer, A general discussion may be found in the basic section of this

part.
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MINIMUM SUPPLY PLATE RESISTANCE (Rs) IN K OHMS

DC OUTPUT CURRENT (lo) IN MILLIAMPERES

MIL-HDBK-211
APPENDIX-A

12 January 1960
JAN-5110

TYPICAL PLATE CHARACTERISTICS, SINGLE SECTION
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MIL-HDBK-211

APPENDIX-A
12 January 1960
JAN-6110
LIFE TEST PROPERTY BEHAVIOR
MIL-E-1/725 C 26 DEC 56
PRODUCED IN 1958 BY ONE MANUFACTURER
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12 January 1960
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LIFE TEST PROPERTY BEHAVIOR
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MIL-HDBK-211

APPENDIX-A

12 January 1960
05 7

JAN-
TUBE TYPE JAN-6205 62

DESCRIPTION:

The JAN-62051/ is an 8 pin subminiature, sharp cutoff pentode having a
transconductance in the range 4200 to 5800. The JAN-6205 is identical to
JAN-5840 except having an external No. 3 grid connection and is similiar in
plate characteristics to JAN-5702WA and the miniature type JAN-5654/6AKS5W.

Type 6205 has not been designed for control or gating purposes using the No. 3
grid.

ELECTRICAL: The electrical characteristics are as follows:
Heater Voltag@.cesecscscocccosscsssansssnsscsssessesscscsnsssscesbeld V
Heater (CUNTENt s semes sieee s eie were siste syeiwers ssesmesewmewwsvess « 140=160 mA
CathodeessssssssisssssssssnsnsssisesssssessssnsessCoated Unipotential

MOUNTING: Any type mounting is adequate.

o DHA. =

(r\ P LEAD CONNECTIONS

Rt

ot 52
TINNED WITHIN
050 OR LESS OF
THE GLASS PRESS
] = DIMENSIONS
: ] DIAMETER
_ AMAX. S TT0L F|  MAX
1375 | 1.075 | .060 400

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE 200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

RATINGS: Ef Eb Ec! Ec2 Ec3 Ehk Rk Rel Ik* Pp Pg2 3ef2;e Alt
Absolute V  Vde Vde Vde Vdé v ohms Meg mAde W 1 oc £t
Maximum 6.6 165 0 - 155 22 200 === 1.1 16.5 0.80 0.35 +220 60,000
Slobun - (B s o weoe e e e g e e o o B2EO

Test Cond: 6.3 100 O 100 O 0 150 === =m= =-= - - -

1/ The value and specification comments presented in this section are related
' to MIL-E-1/140B dated 5 Aug 1955.

* Difficulty may be encountered if this tube is operated for long neriods
of time with very small values of cathode current. No specification
assurance of life exists under conditions of cathode current approaching
the maximum.

Note: If altitude rating is exceeded, reduction of instantaneous voltages
(Ef excluded may be required.
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MIL-HDBK-211

APPENDIX-A
12 January 1960
JAN-6205
ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR-
PROPERTY CONDITIONS INITIAL LIFE TEST LIFE TEST UNITS
MAX | VIN | MAX | WIN] MAX
Heater Current Ir 1m0 | 160 | 138 | 16| - - mA
Transconductance Sm L200 [5800 - - - - umhos
Change in
individual A Smt - - - 20 - - %
Change in
average AvgASnt - - - 15 - - 4
Transconductance
change with Ef ASmEf |Ef=5.7V - 10 - 15 - - 4
Plate Resistance Trp 0.175| - - - - - Meg
. [ )
Plate Current (1) 1Ib 5.5 | 9.5 - - - - mAdc
Plate Current (2) Ib |Ec1=-9.0Vdcy - 50 - - - - uAdc
Rk=0
Screen Grid
Current Ic2 1.5 | 3.3 - - - - mAde
Capacitance 0.405 in. dis
shield, Ef=0
c |glp - [0.015] -~ - = & wuf
C |in 35 4.9 - - - - uuf
C |out 2.9 | 3.9 - ~ - - uuf
Control Grid
Current Ic1 |Rgi=1.0Meg 0 |[-0.3 0o |-0.8 - - “uAde
Control Grid
Emission Ic1 |Ef=7.5V;Eci= 0 [-0.5 = - - - uAde
-9.0Vdc;Rgl=
1 .0Meg ;Rk=0
Note
Heater Cathode ¢
Leakage Ihk | Ehk=+100Vdc - 5.0 - 10 - - uAdc
Ihk | Ehk=-100Vdc - 5.0 - 10 - - uAdce
Insulation of
Electrodes R(gi~-all)|Egi-all=-100V| 100 - 50 - - - Meg
R(p-all) |Ep-all=-300V | 100 |. = 50 - - - Meg
Measurement conditions are the same as stated under Test C

Note:

unless otherwise indicated.

onditions,

The tube shall be preheated a minimum of five minutes at test conditions
for this test (except Ec1=0j Rk=150 ohms) prior to this test.
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MIL-HDBK-211
APPENDIX-A

12 January 1960
JAN-6205

OBTAINED FROM DATA PUBLISHED BY ORIGINAL

RETMA REGISTRANT
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APPENDIX=-A
12 January
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PLATE CURRENT IN MILLIAMPERES

JAN-6205
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TRANSCONDUCTANCE
WITH REDUCED Ef (SmEf) IN MICROMHOS

TRANSCONDUCTANCE (Sm) IN MICROMHOS

MIL-HDBK-211

APPENDIX-A

12 J‘anuary 1960

JAN=- 6205

LIFE TEST PROPERTY BEHAVIOR

MIL-E-1/1408B
PRODUCED IN 195758 BY TWO MANUFACTURERS
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GRID %-2 CURRENT (Ic2) IN MILLIAMPERES

CONTROL ‘GRID CURRENT {lcl) IN MICROAMPERES

INSULATION RESISTANCE (Rg-all) IN MEGOHMS

Mt L=-HDRK=211
APPENDIX-A
12 January 1960
LIFE TEST PROPERTY BEHAVIOR JAN-6205
MIL-E-i/140B 5 AUG. '55
PRODUCED IN 1957-'58 BY TWC MANUFACTURERS
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12 January 1960

JAN-6205

LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/1408B 5 AUG. ‘55
PRODUCED IN 1957-'58 BY TWO MANUFACTURERS
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DESCRIPTION:

TUBE TYPE JAN-6206

MIL-HDBK=211
APPENDIX=-A

12 January 1960
JAN-6206

The JAN—62O61/ is an 8 lead, button base, subminiature, semi-remote cut-off
pentode having a transconductance in the range of 3800 to 5200. The JAN-6206 is
identical to Type 5899 except for an external suppressor grid connection.

ELECTRICAL: The electrical characteristics are as follows:
BEAtEr VOLPaTE 0w 5 555 060 0o s o766 S atons 6 61676 0,8:0:676 8 018 181018, 879 850 8 wu:e 908 O30V,
Heater: (CUrTenti s s eliieems sieem s s mee mes weven oo gonsn e 100=160 A
Cathodesswswssssssspsssvraimeessessvssssve s sesscoated Unipotential

MOUNTING: Any type mounting is adequate.

r-—M-.

LEAD CONNECTIONS

DIMENSIONS
DIAMETER

AMAX. —sTToL % ;

1375 | 1.075 | .060 400

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001,
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO ,250 FROM THE GLASS,

** ALTERNATIVE LEAD LENGTH SHALL BE 200 == .013 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR T8S, CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

RATINGS: Ef Eb
Absolute v Vde
Maximum 6.6 165
Design
Maximum L
Minimum $ 6 -0 -,

Test Conds 6.3 100

k74 The values and specification comments

Eci

0

Ec2 Ec3
Vde Vde
15 | 122
100 0

Ehk Rk
v ohms
200 ===
0 120

Rgl Tk*
Meg mAdc
1+1 1645

, T En-
Pp Pg2 velope Alt

W W o ft
—me. === 4220 60,000
0-85 0025 - wpiig

presented in this section are
related to MIL-E-1/97D dated 22 Oct 1957. '

® Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current.
assurance of life exists under conditions qf cathode current approaching

the maximum,
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MIL-HDBK~-211
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12 January 1960

JAN=-6206
ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS INITIAL LIFE TEST ILIFE TEST |UNITS
MIN | MAX | MIN | Max| MIN| MAX
Heater Current Ir 140 | 160 | 138 | 164 - - mA
Transconductance(1) Sm 3800 |5200 - - = - | umhos
Change in
individual A Smt - - - 20 - - %
Change in
average .AvgA Smt - - - 15 - - A
Transconductance
change with Ef A SmEf| Ef=5,7V - 10 - 15 - - 4
Transconductance(3) Sm Ec1=-14Vdc; 1.0 75 - - - - | umhos
3 Rk=0
Plate Resistance rp 0.175 - - - - - Meg
Plate Current Ib 5.2 | 9.2 - - - - mAdc
Screen Grid
Current Ic2 1.0 | 3.0 - - - - mAdc
Capacitance 0.405 in.dia.
shield,Ef=0
C.lgip - |0.015 = - - - uuf
C I'in 3.5 | 4.5 - - - - uuf
C |out 2.9 | 3.9 - - - - uuf
Control Grid
Current Ict Rg1=1.0 Meg 0 [-0.3 o |-0.8 - - uAdc
Control Grid
Emission Ict | Ef=7.5V3Eci=| O |-0.5 - ~ - - uAdc
-14VdcsRg1=
1.0Meg ;Rk=03
NOTE
Heater Cathode
Leakage Ihk | Enk=+100Vdc - 940 B 10 - - uAde
Ihk Ehk=-100Vdc - 5.0 - 10 - - uldc
Insulation of R(g1-all) | Egi-all=-100V| 100 - 50 - - - Meg
Electrodes R(p-all) Ep-all=-300V | 100 - 50 - - - Meg
Measurement conditlions are the same as stated under Test Conditions,

unless otherwise

NOTE:

indicated.

The tube shall be preheated a minimum of five minutes at
for this test (except Ec1=0; Rk=120 ohms) prior to this test.

test conditions
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Ef = 6.3V
Eb = 100 Vdc
Ec2 = 100 Vdc
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LIFE TEST PROPERTY BEHAVIOR

MIL-E-1/97D

22 OCT.’s7

PRODUCED IN 1957-58 BY ONE MANUFACTURER
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LIFE TEST 'PROPERTY BEHAVIOR

MIL-E-1/97D

22 OCT. 57

PRODUCED IN 1957-'58 BY TWO MANUFACTURERS
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LIFE TEST PROPERTY BEHAVIOR
PROBABILITY OF SURVIVAL
MIL-E-1/97D 22 OCT. 57
PRODUCED IN 1957-'58 BY TWO MANUFACTURERS
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TUBE TYPE JAN-6222

DESCRIPTIONS

MIL-HDBK=211
APPENDIX=-A
12 January 1960

JAN-6222

The JhN-62221/ is an 8 pin subminiature triode, with a Mu in the range of
60 to 80 and a transconductance rangirg from 1400 to 2000,

ELECTRICAL:

The electrical characteristics are as followss

Heater Voltage.........u.u.-.u.-.....................-o......6.3 v
Heater currentoco.ocoooocuoocoooooooooonooc00-00.00.000000'0167-183 mA
Cathode................-....uu.,....)\............Coated Unipotentiﬂl

MOUNTING: Any type mounting is adequate.

RATINGS:

o S
=

“# MEASURE FROM BASE SEAT TO BULS TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.

LEAD CONNECTIONS

ALL DIMENSIONS

IN INCHES

* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.,

*® ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL

BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

Ef Eb Ec Ehk Rk Rg

Absolute V- Vdec Vdc v ohms Meg
Maximum 6.6 165 0 +200 -~ 1.2

Design

Maximum e mee  eme e ‘m—— m—-
Minimum 6.0 === =55 =200 | === -
Test Conds 6.3 100 O 0 1500 ===

v

*

ek

Ib
mAdc
33

Ic

Pp*

T En-
velope

°c

Alt
£t
80,000

The value and specification comments presented in this section are
related to MIL-E-1/955A dated 22 Oct 1957.

No test at this rating exists in the specification.

Difficulty may be encountered if this tube is operated for long periods
of time with very small values of cathode current.
assurance of life exists under conditions of cathode approaching the

maximum..
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>TANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITIONS _INITIAL LIFE TEST LIFE TEST UNITS
MIN MAX MIN MAX | MIN| MAX o
Hleater Current If 167 | 183 | 165 | 185 | 160| . 190 mA
Transconéuctance  Sm 1400 [2000 | - = - - | umhos
Change in )
individual ASmt - - - 15 - 20 %
Change in
average AvgASmt - - - 15 - - 4
Transconductance .
change with Ef ASmEf | Ef=5.7V - 5. - 15 - - %
Amplification Factor Mu 60 80 - - - - -
Plate Current (1) Ib D.50 |0.90 - - - - mAdc
Plate Current (2) Ib | Ec=-2.5Vde - 50 - - - - uAde
Plate Current (3) Ib | Ec=-1.8Vde 5 - - - - - | .uade
Capacitance No shield,Ef=Q
C|ep 1«1 15 - - - - uuf
C|in 109 2.5 - - - - uuf
C | out 0.45 [0.85 - - - - uuf
Control Grid
Emission Ic | Ef=7.5V;Ec=~ 0 -0.3 - - - - uAde
2.5Vdc3Rg=1.0
Meg; Note
Control Grid
Current Ic | Eb=150Vdc3Rk=]| O |-0.3 0 | -0.6 0| -0.8] wuAde
27003Rg=1.0Meg '
Heater Cathode
Leakage - Ihk | Ehk=+100Vdc 9 - 10 - 15 udde
; Ihk | Ehk=-100Vde - 5 - 10 - 15] uldc
Insulation of
Electrodes R(g1-all)| Eg1-all=-100V | 100 - 50 - - - Meg
R(p-all) | Ep-all=-300V 100 ~ 50 - - - Meg

" lMeasurement conditions are the same as stated under Test Conditions,
unless otherwise indicated. -

Note:l

The tube .shall be preheated a minimum of five minutes at test condition
for this test (except Ec=0) prior to this test.

1
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: DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL -
RETMA REGISTRANT
|
| Ef = 6.3V
6
4] /
& q,}o
§ P '/ 4K
: | T . .
OS2 - /. / p. }L/
g y - / | 7 / / b
,// y A, A
/. 1 384
o 50 ' 100 150 200

PLATE YOLTAGE IN YOLTS
TYPICAL STATIC-PLATE CHARACTERISTICS

T
Ef = 6.3V
Eb=100Vde

N

<

N

.

PLATE CURRENT (Ib) IN MILLAMPERES

v

-2

-1.5 -1
GRID YOLTAGE IN YOLTS

TYPICAL TRANSFER CHARACTERISTICS
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. APPENDIX-A
TUBE TYPE JAN-638% .:;ernfg?gﬁry 1960
DESCRIPTION:
- The JAN-638M1/ is a 6 pin octal base beam power pentode in a T-11 hard

glass envelope. It is generic with JAN-6098 and JAN-6ARG.

ELECTRICAL: The electrical characteristics. are -as followss:
Hedter VOLTageas o view s oot 25000000 018 a1E 90 15 2161 wie 3] 616 wia @ o/e,& wie wio'e vie o578 9063 ¥
Beaber- CUPPERY s o o165 sve e o 105 dui o e s biedts s wliso sin st 518 s 006 1 sie@ 0ze ] 1o Dhb=i 326+ K
Cathode s s oo s oo eias 000 sis aiaisoiewaiosnaensssessssesssssssoated Unipotential

a MOUNTING: Any type mounting is adequate.
o~
[ 18y —
= ALL PINS LEAD CONNMECTIONS
//’—-\\W ésg-“
, T—n ¥ A
‘ 7 At %
3%
T |
%
- :
L SR
:ﬂr 480 360
-

:g-:?; ALL DUMEMSIONS IN INCHES
00 =317 ou FINISHED TUSE, ADD 0.030 POR SOLDER

- P 1%y —
T En-
RATINGS: Ef Eb Ec? Ec2 Ehik Rgl Ik* Ic1 Pp Pg2 epy 1b velope Alt
Absolute V  Vdc Vdc Vde Vdc Meg mAdc mAdc W W v a oe ft
Maximum 6.9 750 O 325 +450 0.1 125 +5.0 30 3.5 1500 1.0 300 60,000
Note
Minimum 5.7 === =200 === =450 === c;e  aoe ame cee mee eem aed aee
- Test Conds 6.3 250 -22.5 250 O ——— mmm mme mme mme eee e e eee
-~ b4 The values and specification comments presented in this section are re-
lated to MIL-E-1/1022 dated 28 Jun 1956.
* Difficulty may be encountered if this tube is operated for long periods

of time with very small values of cathode current.

Note: See specification for duty factor limitations. Instantaneous plate
potential shall not exceed 2500v. Screen potential shall not exceed
500V with a minimum series resistance of 20,000 ohms.
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ACCEPTANCE TEST LIMITS SUMMARY
MEASUREMENT 500 HR 1000 HR
PROPERTY CONDITICONS INITIAL LIFE TEST | LIFE TEST UNITS
MIN MAX MIN MAX MIN MAX
Heater Current It 1.1l 11426 |1.12 | 1.28] 1.12] 1.28 A
Transconductance Sm L4800 |6000 |U4500 | 6000 | 4500 | 6000 | umhos
Change in
individual A Smt - - - 10 - 10 %
Transconductance .
change with Ef A SmEf [Ef=5.7V - 5 - 7 - - %
Plate Resistance Tp 0.015| - - - - - Meg
Amplification Factor Mu JTRI.Eb=Ec2=250{ 5.5 | 6.5 - - - - -
Plate Current (1) Ib 66 88 - - - - mAde
Plate Current (2) Ib [Ec1=-60Vdc - 045 - - - - mAdc
Plate Current (3) Ib Fc1=-hOVdc 5 - - - - - mAdc
Pulsed Operation ib [Ebb=750Vdc; T+ - 0.9 - - - a
Ecc1=-80Vdc;
[Ecc2=325Vdce;
ec1=+100v
Screen Grid Current Ic2 05 ] 645 - - - - mAdc
Screen Grid Emission IcdEg2=150Vac;
Eb=0 Note 2 - -750 - - - - uldc
Capacitance INo shield,Ef=0
Ciglp 0.5 | 3.0 - - uuf
C lin 845 {1345 - - - - uuf
C jout 5+0 9.0 - - uuf
Control Grid
Current &D) Ict 0 |-0.2 0 | -0.5 0| -0.9 ulde
Control Grid
Current (2) Ic1 [Ef=7.0V Nlote 1 0 -0.3 - - - - uAde
Heater Cathode Ihk [Ehk=+450Vdc 10 25 25 uAdc
Leakage Ihk [Ehk=-450Vdc 10 25 25 uAde
Insulation of R(gl-all) [Eg1-all=-300V 300 150 - 150 Meg
Electrodes R(p-all) |[Ep-all=-500V 500 - 250 - 250 Meg
High Voltage Test e [Ec1=-150Vdc; 1150 - - - s = v
: Ec2=300Vdc;Ebb
=1250Vdc;Ici=
1.0ulddc max;
IRL=5000

unless otherwise

screen grid emission test.

indicated.

Measurement conditions are the same as stated under Test Conditions,

Note 1: The tube shall be preheated a minimum of five minutes at test conditions
for this test (except Ec1=0j; Rk=250 ohmsj; Rg1=0.1 Meg) prior to this test.

Note 2: Operate the tube for five minutes at test conditions prior to the primary
With the specified 60-cycle sinusoidal volt-
age applied to the screen, adjust Ec1 to provide Ic2=21 mAdz on the pos-
itive half-cycle. The primary emission shall be measured on the negative
half cycles and shall not exceed the limits specified.
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DESIGN CENTER CHARACTERISTICS
OBTAINED FROM DATA PUBLISHED BY ORIGINAL

RETMA REGISTRANT
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JAN-638).|.
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' PLATE VOLTAGE IN VOLTS
TYPICAL. STATIC-PLATE CHARACTERISTICS
CHARACTERISTIC CURVES PRESENTED BELOW
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JAN-638l; A
EB=63V
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JAN-638l
LIFE TEST PROPERTY BEHAVIOR

MIL-E-1/1022 28 JUNE ‘56
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INSULATION RcSISTANCE (Rg-all) IN MEGOHMS

HEATER-CATHODE LEAKAGE (lhk+) IN MICROAMPERES
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