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GENERAL INFORMATION ON TRAVELING-WAVE TUBES

Introduction

Engineers who design and build circuits which use conven-
tional low frequency vacuum tubes usually have at least a speak-
ing acquaintance with the theory upon which these tubes operate.
In designing their circuits or in deciding which type of tube to
use, careful use 1s made of the various characteristic curves
associated with the tubes. It is the purpose of the following
brief discussion to similarly acquaint the applications engineer
with the simple theory of the operation of the traveling wave
tube and to familarize him with the varlous characteristic curves
which describe its operation. From this dilscussion, it is hoped
that the data sheets contalned in this catalog may take on added
meaning and that a better understanding of the basic functions of
the traveling wave tube may be obtained.

Microwave Amplification

As the microwave region of the radio frequency spectrum has
come into practical engineering use, englneers have been constantly
on the lookout for devices which could function as better ampli-
fiers and oscillators. In the frequency range above a few hundred
megacycles conventional vacuum tubes no longer amplify properly
because the perliod of one cycle of the radio frequency wave ap-
proaches the time it takes the electrons to trgvel from cathode to
anode within the tube. As a result the amplification factor of the
tube decreases with increasing frequency until no useful gain can
be obtained. This 1s known as the transit time effect.

The first devices which served as practical amplifiers above
a few hundred megacycles actually made use of transit time effects.
These devices are known as klystrons and became useful primarily
as oscillators although they are also capable of acting as am=-
plifiers. Klystron amplifiers are capable of giving high values
of amplification, but they have one serious limitation for many
applications. They are relatively narrow band devices; having
usually no more than a few megacycles bandwidth between half-
power points. Tuning of the amplifier to different frequenciles
requires a mechanical adjustment. The klystron is, however, the
forerunner of a whole general class of microwave electron devices
which utilize transit time effects in electron beams. This
general class of devices includes the traveling wave tube.

A klystron is a narrow band device because it involves the
use of a very sharply resonant, high-impedance tuned circult. It
is necessary for a klystron to use such a circult because inter-
action takes place with the electrons over only very short
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physical distances and it must develop high electric fields to
have efficient interaction with the electrons. However, 1t was
reasoned that one might obtain a very broadband amplifying device
if one used a low-impedance, broadband circult which developed
relatively small electric fields but which interacted with the
electrons over a long physical distance. Such 1s the basis on
which the traveling wave tube works and this basic concept has
led to a wide range of devices which are useful as broadband
amplifiers and oscillators in the microwave regilon.

The traveling wave tube 1s basically capable of giving high
values of amplification over wide frequency ranges wlthout requir-
ing the change of any mechanical tuning mechanism or the varilation
of any voltages or currents applied to the tube. Power amplifica-
tion greater than 10,000 (ie., 40 db gain) over a 2:1 frequency
range has been obtained with this type of tube. The actual number
of megacycles covered by such tubes can be a staggering figure.

An operating bandwidth of 2000 megacycles has been obtalined in one
typical tube type; 7000 megacycles has been obtained in another.

Tubes can be built which emphasize various special character-
istics. For instance, tubes can be bullt which have low noise
properties, or high power output, or controlled variations of gain
with frequency. Many special tubes have been designed and built
for particular applications. :

Simple Description of Theory of Operation
(Forward-wave Hellx Type Amplifier)

One of the simplest circuit elements which satisfies the
broadband low-impedance circult requirement of the traveling
wave tube 1s a simple helical transmission line. On this so-
called helix, the radio frequency energy essentlally travels at
the velocity of light along the wire from which the hellx 1is
wound. But since the wire and the energy follow this helilcal
path, the actual progress of the energy along the axis of the
helix is at some fraction of the velocity of light. This veloc-
ity 1is determined by its dimensions (ile., 1ts circumference and
pitch) and by the dielectric loading due to the structure which
supports the helix. The fields assoclated with this "slow-wave"
extend outward and inward into the regilons adjacent to the helix
and it 1s into these regions that electrons are sent to interact
with the waves.

If electrons are sent along the axis of the helix at essen-
tially the same velocity as the waves, an interactlion between
waves and electrons occurs wherein the electrons become bunched
and then become packed into tighter and tighter bunches as the
electrons progress down the helix. Simultaneously, the radio
frequency flelds on the helix increase in magnitude as they pro-
gress down its length. The increase iu energy of this "growing
wave" 1s just balanced by a decrease in the average kinetic
energy of the electrons in the beam. In other words, the electrons
on the average have been slowed down and have given up just enough
energy by this slowling down process to account for the increasing
energy or power level in the waves on the helix.

GI / 2 / 1-10-55
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ELECTRON GUN COLLECTOR

FIG. 1

Schematic View of Traveling-Wave Tube

|
In practice, the electron beam is formed in a gun and 1is |
focused down the center of the helix to a collector electrode on |
the farther end (see Figure 1). The velocity of the electrons is
determined by the voltage difference between the cathode in the
electron gun and the helix, and this is adjusted to glve the elec-
trons Jjust the right velocity for interaction with the waves. The
signal to be amplified is coupled onto the end of the helix nearest
the electron gun and propagates along the helix in the same direc-
tion as the electron beam. Because of the interaction, the fields
on the helix grow exponentially with distance and these amplified
waves are coupled off of the helix at the end farthest from the
electron gun. The devices which couple the energy on and off the
helix at its beginning and end are connected to the input and out-
put transmission lines. The electron beam that is formed in the
gun 1s maintained in a tight pencil beam throughout the length

of the tube by the confining forces of a longtitudinal magnetic
field which surrounds the tube.

The devices which couple the energy onto and off of the
helix are special directional couplers which are in themselves
helices. These helices, which are outside of the vacuum envelope
of the tube, are matched to the input and output coaxial trans-
mission lines. They are capable of transferring most of the
energy from the lines to the main helilx, which is inside the
vacuum envelope, without having to make physical contact to the
helix. These "coupled helix matches" have the additional advan-
tage that they have very wideband transfer characteristics and
are capable of presenting a standing-wave ratio to the coaxial
transmission line of 1.5:1 or less.

Specific Characteristics

In the following sections, the various characteristic curves
that are encountered in operation of the traveling wave tube are
shown and discussed.

Helix Voltage vs. Frequency
Usually a helix will be designed such that the "slow-waves"®

travel at a velocity in the range of 1/10 to 1/30 of the velocity
of light. If the velocity of the waves 1s examined as a function

eI / 3 / 1-10-55



of frequency it is found a helix
FIG. 2 will have a general character-
istic curve similar to that shown
in Figure 2.

HELIX SYNCHRONOUS VOLTAGE
//L// There is a region A where
the velocity of the waves varies

! as a function of frequency, and
: there is a region B where the
\\\\\‘\-~___¢__¥ velocity of the waves is essen-
L vetoary or waves tially independent of frequency.
REGN A = |+ mecioN @ It 1s in this region B, known as
! the "non-dispersive region",

NomEASING  FrEGUENOY where a broadband amplifier is
Fie. 2 PHABE VELOCITY OF THE WAVES AND SYNCHRONOUS HELIX VOLTAGE AS A FUNC-— normally Operat edo

TION OF FREQUENCY.

As mentioned before, it 1s necessary to have the electrons
travel down inside the helix at essentially the same velocity as
the waves (synchronous velocity) in order to obtain the growing
wave Interaction. Thus if the velocity of the wave varies as a
function of frequency, the velocity of the electrons must also be
varied so that interaction is maintained. Since the velocity of
the electrons is determined by the voltage difference between the
cathode and the helix, there is also a characteristic curve of
synchronous helix voltage as a function of frequency which is shown
in Figure 2.

The reason why a helix type traveling wave tube can amplify
over wide bandwidths without changing helix voltage can now be
easily seen. In the region B, the non-dispersive region, the
synchronous voltage of the electrons is essentially independent
of frequency. That is, the helix voltage which gives the desired
interaction between the waves and electrons can be fixed at one
value and this will be the correct value to provide interaction
and amplification over a wide range of frequencies.

Gain vs. Helix Voltage

To obtain the greatest interaction between the waves and the
electrons and thus the greatest
amplification, the helix must

| £~ "\ SYNGHRONISM be operated at synchronous volt-
age. If the helix voltage is
varied away from synchronism,
the gain will decrease as shown
by the curve in Figure 3 which
is parabolic in shape.

FIG. 3

GAIN
(DB)

Gain and Power Output vs.
Frequency

Figure 4 shows a typical
plot of gain vs. frequency for
TR S a fixed value of helix voltage.

Fle. 3 GAIN A8 A FUNCTION OF HELIX VOLTAGE. Small Sig'nal gain is Obtained

i
|
|
|
[
|
|
|
I
|
|
I
I
|
|
|
|
|
I
T
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FIG. 4 FIG. &

SMALL SIGNAL GAIN (DB)

POWER
OUTPUT
(DBM)

DB SATURATION GAIN (DB) 0B

DBM

6 70 7 DB
SATURATION POWER OUTPUT (DBM)

SATURATION

: # 7

<«——— 2| FREQUENCY RANGE —_—

POWER [INPUT (DBM)

FIG. 5 GAIN AND POWER OUTPUT V8. POWER INPUT
Fi8. 4 GAIN AMD POWER OUTPUT AS8 A FUMCTION OF FREQUENCY. AT A FIXED FREQUENCY.

for all values of input signal level except those which drive the
tube near its maximum or saturation power output. Saturation gain
is the gain obtained when the tube 1s driven to 1its maximum or
saturation power output. It is seen that the gain and power out-
put curves generally have a maximum near the center of the band
and that the curves droop off towards the band ends.

Power Output and Gain vs. Power Input

Figure 5 shows a typical variation of power output and gain
vs. power input at a fixed frequency. The amplifler 1is linear
until power input is within 6 to 7 db of the value which drives
the amplifier to saturation. At this point the power output curve
begins to droop over, and gain of the tube begins to decrease. At
saturation the power output is a maximum and the gain has decreased
to a value which is called saturation gain. As the tube is driven
beyond saturation the power output drops off and gain continues
to decrease. To obtain maximum power output from an ordinary
traveling wave tube, just the right amount of power input must be
applied. The saturation region does not exhibit the leveling off
or flat saturation characteristic that is found in conventional
low frequency amplifier tubes.

Gain vs. Beam Current and Grid Voltage

FIG. 6
Figure 6 shows that the gain at any

fixed frequency is essentially a functilon

+ of the 1/3 power of the beam current and

decreases as beam current is decreased.

- Figure 7 shows that as the grid electrode

toB) is made negative with respect to the

cathode, the gain of the tube decreases.

o This results from the fact that operating

the grid negative with respect to the cath-

ode causes the beam current to decrease.

If the beam current 1s decreased
Tearn % below a certain value as shown in Figure 6,
€6, & @WIN0 Vs o GURRENT the gain of the tube measured in db becomes
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negative, le., the tube is acting as
FIG. 7 an attenuator. If the beam current is
reduced to zero, the net "cold" atten-
uation of the tube is available. The
total change in signal output level as
an beam current 1s decreased from its

(0B) normal value to zero is equal to the
sum of the net gain of the tube plus
the cold attenuation. This can ap-
proach a variation in signal level of
about 100 db. This is accomplished
merely by varying the control grid
voltage.

GRID — CATHODE VOLTAGE
(INCREASING NEGATIVE =——p)

Fle. v GAIN VS, GRID VOLTASE

Special Characteristics

Low Nolse Amplifiers

On a typical low power amplifier one may find a noise figure
of 20 db. Certain applications require lower noise figures than
this. Techniques are available in electron gun design whereby
the "shot noise" in the beam can be "de-amplified" before it
reaches the beginning of the helix. Special purpose tubes built
in this fashion have reached noise figures as low as 6 db.

Narrow Band Amplifiers

Where an application does not require extremely wide band-
widths, tubes have been built which operate in the dispersive
region of the tube characteristics where the velocity of the waves
varles as a function of frequency (see Figure 2). In this region
operation at a fixed voltage leads to amplification over only a
relatively narrow band of frequencies. Extremely high values of
gain (eg. 60 to 70 db gain) have been obtained because the problem
of controlling spurious oscillations is much simplified since the
tube exhibits gain over only a relatively narrow band.

Special Gain Variation

Sometimes special requirements are imposed on the gain
variation of the tube as a function of frequency. Tubes have
been built which exhibit an essentially constant value of gain
across the band. Others have been built which have linearly
increasing gain with frequency. Various other combinations are
also possible.

GI / 6 / 1-10-55
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MEASUREMENT TECHNIQUES

As traveling wave tubes have come into more common use,
the need has become apparent for a clarification of the vari-
ous measurement techniques involved in an evaluation of the
tube characteristics. Since the traveling wave tube is a very
broadband device the emphasis must be upon broadband, untuned
measuring techniques and test equipment. Otherwise, much time
will be lost in the repetitive and laborious adjustment and
tuning of narrow band devices to make point by point measure-
ments across wilde frequency ranges.

It will be noticed that the emphasis on measuring equip-
ment has been placed upon coaxial systems. This ic done,
obviously, because of the inherent wideband properties of
coaxlal test equipment. Waveguide equipment is used only
where equivalent coaxial equipment i1s not available or will
not do an equivalent job.

The various types of broadband test equipment commonly
used are listed below:

1. Self-tracking tunable signal generator with cali-
brated power output.

2., Untuned coaxial crystal detector.

3 Untuned coaxial bolometer or thermistor mount with
self-balancing power bridge.

4. Broadband coaxial fixed attenuator.

5. Coaxial switch (SPDT).

6. Coaxial slotted section (for VSWR measurement) with
untuned detector.

7 Coaxial or wavegulde directional coupler.

8 Fluorescent noise source.

The characteristics to be measured comprise essentially
the following list.

1. Gain

2. Power Output

3. ©Standing Wave Ratio or Reflection Coefficient
L. Insertion Loss

5. Noise Figure

EN / 1/ 1-19-55




PROCEDURES

A. Measurement of Gain

The most rapid and satisfactory method of measuring gain
i1s to make an insertion gain measurement using the substitu-
tion method. This method does not require a knowledge of the
detector characteristics nor an absolute power calibration of
the signal generator. Its accuracy depends only upon the
calibration accuracy of the output attenuator of the signal
generator.

o— T.W. TUBE [
SIGNAL e a8 UNTUNED
GEN. PAD DETECTOR
O— -0
2 2
FIG. | SCOPE
VY O

BLOCK DIAGRAM OF GAIN MEASUREMENT SET-UP

As shown in the block diagram of Figure 1, the output of
the signal generator (which has a matched 50 ohm output) is
fed to the input of the tube through a coaxial single-pole
double-throw switch. The output of the tube is fed through
another coaxial switch and at least a 6 db coaxial fixed atten-
uator pad to the untuned detector. The pad can be eliminated
if the detector is matched. The output of the detector is fed
to the vertical deflection channel of an oscilloscope. The
tube is by-passed when the switches are thrown to the other
position.

Procedure:

Apply pulse or square wave modulation to the signal gen-
erator. With the tube operating and the switches in position 1,
the output attenuator of the signal generator 1s adjusted to
give some convenient deflection on the scope. This is atten-
uator reading 1. The switches are then thrown to position 2
and the attenuator readjusted to glve the same deflection on
the scope. This is attenuator reading 2. The insertion gain
of the tube is then the difference of the attenuator readings
1 and 2 measured in db.

Precautions:
1. Both the signal generator and the detector must pre-

sent good impedance matches as seen by the switch. If they
are not matched, then reflection losses can give up to several
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db error in gain. This is the reason for the pad ahead of an
unmatched detector. A 6 db pad guarantees a VSWR of at most

1.5:1.

2. The switch used must have a low VSWR and very low
crosstalk. Crosstalk is the stray feedthrough from input
terminal to output terminal of the DPDT switch combination
through the unused channel of the switch. Crosstalk ratio
is measured by disconnecting the tube from terminals 1, and
measuring the difference in signal generator attenuator read-
ing with the switches in position 1 and position 2 for the
same deflectlon on the scope. This crosstalk ratio should be
at least 20 db greater than the gain of the tube to be measured.
This prevents regenerative feedback around the switch which
will give errors in gain measurement. If the crosstalk ratio
is greater than about 45 db, it probably cannot be measured
with the setup of Figure 1. See section D on insertion loss
measurement.

3. If small signal gain is to be measured, care must be
taken that the output power level of the tube is at least 10 db
below the saturation power level. This eliminates errors due
to the decreasing gain characteristic of the traveling wave
tube in the region near saturation.

B. Measurement of Power Output

When power measurements are to be made over wide frequency
ranges, it 1is convenient to use broadband (untuned) bolometer
or thermistor mounts as power detectors. When these mounts are
operated in conjunction with a self-balancing wattmeter bridge
they provide a convenient system for the measurement of abso-
lute power.

If the power level to be measured is greater than the
maximum allowable power input to the mount, then 1t 1is neces-
sary to insert a calibrated attenuator pad ahead of the mount.
The most convenient type of pad to use 1s the resistive film
type which has attenuation characteristics which are essentlally
independent of frequency. Care must be taken not to exceed the
maximum input rating of the attenuator.

If power levels to be measured are greater than the rated
dissipation of standard attenuator pads, then a directional
coupler must be placed on the output of the tube. The main
arm of the coupler is terminated with a broadband load and the
power detector with appropriate pads is placed in the auxiliary
arm of the coupler. Broadband coaxial directional couplers
with coupling ratios of 10 and 20 db from main arm to auxlliary
arm are availlable.

If gain measurements are to be made in conjJunction with

the power measurements then the power output of the signal
generator must be calibrated using its power monitor at each

EN / 3 / 1-19-55



frequency. For the sake of accuracy, the power output reading
of the signal generator should be initially checked using the
bolometer mount and the wattmeter bridge at least over the
range of power levels that the bridge can accurately read. If
care 1s taken to check the calibration of the attenuator pad
and the signal generator, then the small signal gain measure-
ments obtained with this equipment should check with small
signal gain measurements made by the method of section A.

If all power measurements are recorded in terms of dbm
(ie., db with respect to one milliwatt), then the readings of
the power bridge, the attenuator (in dbs and the signal gen-
erator need be merely added and subtracted to obtain power
output and gain. Conveniently, most signal generators and
power bridges are calibrated in dbm as well as milliwatts.

e BROADBAND SELF
SIGNAL : UNTUNED BALANCIN
GEN. T.W. TUBE Aoag POWER POWER

DETECTOR BRIDGE

FIG. 2 BLOCK DIAGRAM OF POWER MEASURING SET-UP

Figure 2 shows the block diagram of the power measurement
setup. The power output 1s then given by the equation:

Pout (abm) = Pad Attenuation (db) + BRatio of Directional
Coupler (db) + Power Bridge Reading (dbm)

The gain of the tube 1s given by the equatlion:

Gain (ab) = Pout (dbm) - Pin from Sig. Gen. (dbm)

The above gain measurement is valid not only for small signal
gain, but also for gain measured 1n the saturation region and
beyond.

C. Measurement of Standing-Wave Ratio or Reflection Coefficient

For direct measurement of Voltage Standing-Wave Ratio (VSWR)
the coaxial slotted line is the simplest. To speed up broadband
measurements, however, 1t 1s essentlal to have an untuned detec-
tor on the slotted line.

For situations where it is necessary to examine the VSWR
continuously over a wide frequency range and where fast checks
are required such as on production test setups, the slotted
line type of measurement becomes prohibitively time consuming
and laborious. For such situations, the measurement of reflec-
tion coefficient through the use of directional couplers is
recommended. Two directional couplers connected so that one
will give an output proportional to the incident wave and the
other an output proportional to the reflected wave from the
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load can be used. These two outputs can be detected and com-
pared with a ratiometer to give a direct reading of reflection
coefficient. The reflection coefficient can be converted to
equivalent VSWR if necessary. The higher the accuracy required
in the measurement of reflection coefficient, the higher the
directivity of the directional couplers must be. In wavegulde,
directivity greater than 40 db over the wavegulde range can be
obtained which allows measurement of reflection coefficient of
0.1 with an accuracy of plus or minus .02. This means that a
load VSWR of 1.2 will give an indicated reading between 1.15
and 1.25. A wavegulde to coaxial transition can be used to
adapt the reflectometer to coaxial systems. In this case, the
residual reflection in the transition limits the accuracy at
low VSWR.

Using such a reflectometer setup, once the initial cali-
bration is performed it is necessary only to tune the signal
generator across the frequency range and the reflection coef-
ficient values read directly. An excellent detailed discussion
of this method, its errors and limitations, 1is given in the
Hewlett-Packard Journal, Volume 6, Number 1-2, Sept.-Oct., 1954.

Even faster measurements can be made when a swept oscil-
lator is employed. Reflection coefficient can be displayed
directly on a scope as a function of frequency and the measure-
ment can be made at a glance.

D. Measurement of Insertion Loss

It is often necessary to measure insertion loss in the
range of 40 to 100 db (eg., the measurement of the cold loss
of a traveling wave tube) over a wide range of frequencies.
Such a measurement cannot be made with 1 milliwatt signal
generator and a broadband detector as this type of system does
not have the power levels nor the sensitivity to measure much
more than 45 db insertion loss. Such a wideband measurement
can be made quickly and easily with the use of one or two
traveling wave tubes as amplifiers. Use of a traveling wave
tube with a noise figure of 20 db ahead of the detector gives
a sensitivity into a broadband detector of the order of -65
to -75 dbm. This alone allows the measurement of insertion
loss of 65 to 75 db. Further, if the output of the signal
generator is amplified to the power level of one watt (+ 30 dbm)
by the use of a medium power traveling wave tube, the total
insertion loss then measurable becomes 95 to 105 db. The
only adjustment necessary as frequency 1s changed across the
band is the tuning of the signal generator since the traveling
wave tubes are broadband untuned devices. The insertion loss
measurement can be made in the same manner as the insertion
gain measurement shown in Figure 1 except for the addition of
the amplifiers before and after the switches. Commercially
available switches when connected as shown in Figure 1 have
been measured to have a combined crosstalk ratio in excess of
120 db which, of course, eliminates any crosstalk error in
insertion loss measurements in the range of 95 to 105 db.
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E. Measurement of Noise Figure

Where one 1s interested in measuring nolse figure at a
number of frequencies throughout a wide frequency band, the
best method employs a fluorescent tube noise source and a
superheterodyne receiver with a second detector which 1s
square law (ie., a power detector). If noise figure does not
vary too rapidly with frequency, a simple receiver can be
used which employs only an untuned crystal mixer, a local

oscillator, a 30 mec I.F. strip and a power detector. Note
that no preselection or mixer tuning is used. Without a

preselector, the receiver will respond equally well to the
signal frequency and to the image frequency. With a 30 mec

I.F. amplifier, these two frequencies will be only 60 mc apart,
and if noise figure is not a rapid function of frequency then
the measured noise figure will be an average of the true values
at two frequencies 60 mc apart. This is accurate enough for
most purposes. If noise figure varies so rapidly that it will
be appreciably different at two frequencles spaced 60 mc, then
preselection 1s necessary.

The noise figure of an amplifier is defined as the ratio
of signal to noise ratio at the input of the amplifier to
signal to noise ratio at the output of the amplifier.

S i
N.F. = (S/g oﬁt ( power ratio)

When the measurement 1s made according to the method outlined
below, using a noise source whose level 1s 15.8 db above
thermal noise, the above equatlon becomes: .

N.F. = %%5——— (power ratio) (1)
e = L
2

where P] and P2 are defined in the measurement procedure below.
k is a number smaller than 1.0 which accounts
for any cable loss between the nolise source
and the tube. It is the cable loss in db
converted to a power ratio. (eg., for cable
loss = 1 db, k = .794)

When a fluorescent noise source 1is used it 1s not neces-
sary to know the effective RF nolse bandwldth of the receiver.

Procedure:

The tube to be measured 1s connected into the setup
shown in Figure 3. The power detector in the receiver may
take the form of a bolometer or a thermistor operating into
a self balancing wattmeter bridge, or it may be a thermo-
couple whose output 1s connected to a microammeter.
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FLUOR. FIG. 3

NOISE
SOURCE
$ VARIABLE 30 MC
XTAL ’
\)— T.W. TUBE |— MleER — 30 MC. — I.F. _DEPT?EwcgrROR
ATTENUATOR AMPLIFIER

i ' I

MATCHED
LOAD LOCAL OSC. METER
(SIG. GEN.)

SET-UP FOR MEASURING NOISE FIGURE

1. With tube operating and local oscillator tuned to
the desired frequency, switch tube input to the fluorescent
noise source.

2. Adjust variable 30 mc attenuator untlil the reading
on the output meter is approximately full scale. This 1is
reading Pj.

3. Switch tube input to the matched load. The reading
of the output meter 1is P2.

4, Insert values for Pl and P2 in equation (1) for noise
figure. Noise figure in db is obtained by merely converting
this number to db.

Precautions:

The accuracy of this measurement 1is based upon the
assumption that the receiver is linear. This will be true
if the local oscillator signal is large enough to produce
linear mixing and if the I.F. amplifier is operated in the
linear portion of its characteristics.

The measurements should be taken quickly enough so that
power meter drift will not effect readings.

-- L. A. Roberts
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DOMESTICATING THE TRAVELING WAVE TUBE*
Peter D, Lacy%#*

Introduction

In a report! on the status of traveling wave tubes at the Symposium on Modern
Advances in Microwave Techniques last November, Dr., Watkins of Stanford
characterized traveling wave tubes as 'the most advertised, least delivered tubes
in electronics history''. A major reason for this state of affairs has been their
failure to find wide application in the electronics industry., The unique character=
istic of TWT's, wide bandwidth, poses a difficult question: How can it be used?

This requires careful study of the types of systems in which it will be useful and
intensive development of new techniques for handling such bandwidths. Some
possible directions that broadband systems may follow will be indicated later. -

In this discussion of TWT's, no tubes that are new or that have improved
characteristics will be considered since the new advances have been well covered
elsewherez, Rather, it is proposed to consider only the most ordinary of TWT's
that are advertised and in commercial production now. The gain, relative band=-
width, power output and noise figure of these tubes do not differ substantially from
the first tube described by Pierce and Field3in 1946, These are tubes with about
30 db of gain, octave frequency coverage through X band, noise figures of 20 to
30 db, and output power of 10 milliwatts to 1 watt.

This power range is well suited to the vital functions of modulation and detec=
tion so that microwave circuits may be linked with information handling video cir=-
cuits, It is suitable for stable oscillator circuits comprised of either microwave
oscillators or low frequency oscillators followed by a frequency multiplier chain.
The level is quite suitable for most microwave measurements and some new
measurement techniques become possible due to the characteristics of the TWT.

The upper power limit is adequate for a large portion of the fixed path propagation
links in microwave systems., After all, this is about the same power range in which
most electronic tubes operate!

As to the broad frequency range of the TWT, one can either take it or leave it.
If the application requires a broad bandwidth, then the TWT is without peer, On
the other hand, if the application requires only a narrow bandwidth, the TWT may
still be used at any point in the wide amplification band provided by the TWT. In
such cases, it is often advisable to filter the output of the tube to reduce noise.
The narrow band filter is in a passive transmission line for the TWT, as contrasted
with the tuned circuits of klystron or space charge control tubes that are in contact
with the tube electrodes. In the latter case, the amplification is quite sensitive to
the tuned circuit parameters so the design and adjustments become critical.

* Presented at Seventh Region IRE, Technical Conference, Phoenix, Arizona,
April 28, 1955,

*# Hewlett-Packard Company

Palo Alto, California
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New Frontiers

One of the new frontiers that may be opened up by the bandwidth of the TWT is
the transformation of video techniques and functions to the microwave domain. This
would mean increasing the effective bandwidth from the tens to hundreds of mega-
cycles now available to thousands of megacycles. This practice would increase by
one to two orders of magnitude the resolution or speed of basic physical measure-
ments, electronic measurement, communication, and computation.

The first obstacle preventing such a transfer of video systems to microwaves
is the lack of terminal devices, that is, how do we enter such a high speed elec-
system and then retrieve the new or processes information? Next, the internal
functions of the microwave system, which determine the breadth of application, will
demand intensive development. Such problems will require considerable effort be=-
for very high speed microwave systems can be realized.

A.C. Beck* has recently demonstrated a millimicrosecond pulse system for locat=
ing waveguide faults. Another example of a very high resolution pulse echo system
that could be achieved with present techniques where the resolution is determined
mainly by the center rf frequency will be given. In this system a fast pulse and low
phase distortion are also needed. Figure 1is a block diagram of this type of system.
The rf pulse generator, in which the rf carrier is phase locked to the repetition rate,
may be of the regenerative type like Cutler's® if the phase precession can be elimi-
nated or a beam deflection tube pulseré with a frequency multiplier and amplifier
driven by the pulse repetition rate frequency and a modulator. The delayed rf pulse
from the generator and the return pulse are fed into a microwave coincidence circuit
which consists of a hybrid tee and a pair of crystal detectors with balanced reversed
crystals. The microwave coincidence circuit shown in Figure 1 operates as follows:

§>< ><§ \ T REFLECTION r STRETCHED VIDED OUTPUT PULSE

3 STRETCHED VIDEO ;
VARIABLE
= i COINCIDENCE PULSE. < % oF

X — ALONG DELAY LINE

PRECISION REFLECTION LOCATION PRECISION RELECTION LOCATION WAVEFORMS

Figure 1 Figure 2
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. for an input in the E arm, the two crystals conduct during the same half cycle with

equal outputs and opposite polarity. For an input in the H arm, one crystal con-

ducts one half cycle and the other crystal in the second half cycle. Again over one
complete cycle the average output is zero. For simultaneous inputs to the E and H

arms and proper rf phases, the non-linearity of the crystal detectors cause a net

output. When the crystals operate square law, the coincidence circuit shown is a
cross-correlation detector. Figure 2 shows the resulting waveforms with the rf |
carrier phase stationary in the pulse. The accuracy of locating a minimum near ‘
the center of the pulse should be a fraction of an rf cycle, say 10 degrees, so for a
carrier of 3, 000 mc a spatial resolution of about 1/10 inch could be expected. This
is only an elementary example of a high performance system utilizing the band-
widths available from TWT's. This system could also be used in particle emission |
coincidence studies with an accuracy determined there by the pulse width.

It would be difficult to estimate the ultimate extent of TWT usage in the expand-
ing electronics field. However, it does appear to be a fruitful field for exploration
and invention. With the increasing dependence on electronics in industry and science
today, certainly there shall develop a demand for greatly increased speed in elec-
tronic detection, processing, and control and the TWT is orders of magnitude ahead
of any other electronic device.

Modulation Characteristics

Now turning from the broad bandwidth feature, let us consider some more down
to earth characteristics. A number of functions may be performed by modulating
the TWT electrodes. The two variables are the beam current and beam velocity.
The beam current may be varied by means of the potentials applied to one of the
electrodes of the electron gun. A typical variation of the rf output voltage and its
phase with electrode voltage is shown in Figure 3. The tube output can be amplitude

modulated over the linear portion (about 10 db)

but the attendant phase modulation is about 90

degrees. The amplitude modulation still can

be useful where amplitude detection only is in-
£ p volved in demodulation.

The effect of pulse modulation is shown
i \ in Figure 4 for various conditions of tube drive
I ’ L [ and pulse off-on ratio. In the top oscillogram,
Wi © 3 RmyEVE the tube is driven to saturation with an off-on
QUTRUT \ SHIFT ratio of 40 db. The modulating pulse had a rise
l 04 A l time of about one millimicrosecond and an
amplitude of 40 volts. The resulting rise time
2 /| \-\ is 4 millimicroseconds which was close to the
% \ oscilloscope amplifier rise time. In the middle
\, picture, the off-on ration is still 40 db but the
Y5 5 05 0 tube is operating well below saturation. It
AR Hik PR seems that the entrance of the pulsed beam in=-
MODULATION CHARACTERISTICS to the helix induces a voltage on the helix that
) in turn changes the beam velocity. When the
Figure 3 electron beam wave velocity is shifted away

RELATIVE o6 \

Y
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«— (a)

PEAK TWT OUTPUT.
4008 OFF-ON RATIO.
(b) —
LOW TWT.0UTPUT. - =
40 DB OFF-ONRATIO.

+—(c)

LOW TW.T.QUTPUT
180B OFF-ON RATIO.

[OMW, 2-4 KMC TWT. DETECTED PULSE OSCILLOGRAMS
(SWEEP 20 MU SEC DIV)

Figure 4

from the helix wave velocity the TWT amplification decreases. Thus a transient
period of reduced amplification occurs at the start of the pulse slowing the rise
time to about 20 millimicroseconds. In the lower picture the off-on ratio has been
reduced to 18 db by reducing the bias and pulse amplitude to about 15 volts so with
this lower current ratio the rise time is good again. It can be seen from these
pulse oscillograms that under proper conditions, the TWT may be used for gener=-
ating low level pulses for testing the receiver portions of systems having fast rise
time pulses in the transmitter.

In Figure 5, and amplitude modulatedpulse
train is shown. This was generated by apply-
ing a pulse and sine wave to the TWT grid,

By this method, lobing or incidental flutter
may be simulated in system testing.

Figure 6 shows the effect of varying the
helix or beam voltage on the phase of the out-
put of a TWT amplifier. For constant beam
current (solid curve) the phase change versus
helix voltage is nearly linear. However, the
output levels vary, being maximum at some
optimum helix voltage and diminishing on either
side. The amplitude may be held constant by
an amplitude stabilization signal that is fed
back to the grid of the electron gun. The re-

AMPUTUDE MODULATED sulting phase curve (dotted) is shown. It is

not linear but the advantages of eliminating

PU LSE TR A l N amplitude variations may outweight the effect
of this phase characteristic distortion.

Figure 5
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The amplitude and phase characteristics
of TWT's have been presented and the inter-
action of the two effects due to grid or helix
voltage variation. The amplitude modulation
characteristics shown are similar to those
found in any other amplifier tube, however, the
large amount of phase modulation possible
(over 360 degrees) can produce some interest-
o~ 7 ing results.

> Sawtooth Phase Modulation
“~— CONSTANT R F OUTPUT

AN  CONSTANT BEAW Mr. Ray Cummings? of Stanford Univer-

RELATIVE R.F OUTPUT PHASE

. CURRENT sity has devised a method of approximating
N\ phase modulation of unlimited deviation by its
7 ) stepwise discontinuous equivalent. Consider

a uniform phase change, constantly increasing,

Vi, OPTIMUM > : .
H for instance, it may be approximated as shown

HELIX VOLTAGE in Figure 7 by increasing the phase constantly
over a full rf cycle of 21T radians of phase and
TWT PHASE CHARACTERISTIC then quickly jumping back to the starting phase
and then commencing to advance again at the
Figure 6 previous constant rate. This is a stepwise

discontinuous approximation to the continuous
phase advance associated with the doppler shift of approaching source. Since one
cycle of.rf has been added during a periodtT, the shift in frequency is just 1/T .

Figure 8 shows oscillograms of the helix modulation voltage and the mixed
product of the original signal and the frequency shifted output signal. Note the
switching transient due to the finite flyback time of the sawtooth wave. This fly -
back time can be reduced considerably and thereby correspondingly reduce the er-
ror in doppler simulation. This system becomes a very accurate 2 terminal pair

HOMODYNE
MIXER OUTPUT

LKC SAWTOOTH
FOR HELIX MODULATION

SAW TOOTH PHASE MODULATION SINGLE SIDEBAND MODULATION

Figure 7 Figure 8
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device for simulating doppler shifts from a few cycles per second to about a hund-
red kilocycles. This should provide a very satisfactory instrument for the design
and test of cw doppler and coherent pulse radars.

Linear Detection In Microwave Measurements

Another powerful application of frequency offset or single side band modulation
is the use of linear or homodyne detection which greatly extended the dynamic range
of microwave measurements., Figure 9 shows a homodyne measurement system.

The TWT provides a frequency offset fj. This
shifted frequency is then applied to the system
under test that yields a weak output signal.
The weak signal and the strong reference sig-
nal or local oscillator are then applied to a
— — —— — SINGLE SIDEBANDGENERATOR—————I crystal mixer. The mixer is operated linearly
| | and the beat frequency f}, 1 kc possibly, is
10 VWEG, | then applied to a tuned amplifier and meter
GRID E RIEE IR E such as a VSWR detector. Linear mixer out=-
|
|

put ranges approaching 100 db may be attained
compared with an equivalent 50 db range for
{_—_ a square law detector. Thus the sensitivity
L |orer e and dynamic range for measurements is in-
(ﬂ) | creased by a power ratio of about 10 billion.

|
|
|
|
|
W
|
I
|
|

The advantages of using the TWT for this
GAY frequency shifting function are:

| @
L Aeoae 1) low modulated signal out of the input term-
inals of the TWT. This limits the sensit-
LINEAR (HOMODYNE) DETECTION SYSTEM FOR MICROWAVE MEASUREMENT ivity attainable.

Figure 9 2) wide frequency coverage. The helix
coupled TWT is useful even beyond the
recommended 2:1 bandwidth,

3) gain is provided in the weak signal channel,

Of the possible alternatives, rotating mechanical or ferrite phase shifters and
other types of tubes, no one device has all three of the listed advantages.

General Applications

A still further type of modulation available with the TWT is suppressed car-
rier modulation. Figure 10 shows the required modulations for the control grid
and helix and the resulting suppressed carrier rf output. In comparison with a
magic tee and crystal balanced modulator, in this one all adjustments are voltages
rather than mechanical positions and the TWT modulation characteristics may
offer a greater degree of stability than balanced microwave crystals.

For narrowband work, the noise level due to the immense bandwidth of the TWT

is often objectionable. The residual noise level and the effective dynamic range
(noise to saturation level) may be greatly improved by inserting a band pass filter

EN / 13 / 7-1-55



after the TWT. Under this condition the TWT
should then be competitive with either a klys-
tron or triode amplifier as far an dynamic
range and gain are concerned, but since a few
different TWT types can be adapted to this use
anywhere in the microwave range up to 12 KMC,
just three or four different tube types could do
the job and require only the addition of a single
bandpass filter in the output transmission line.
AMPLITUDE w The TWT does have greater time delay thanits
MECHLAREY competitors and often the phase distortion has
been excessive. The phase distortion is being

+I constantly improved and with the coupled helix
;HASE I A I A circuit on the outside of a tube with excellent
ODULAT'%N internal phase characteristics, the phase dis-

J tortion can be reduced even further with care
) g in constructing the external microwave circuit.

Vrr

TWT's have been proven excellent as
highly stable microwave oscillators, Hetland
and Buss8 of Stanford University have computed

SUPPRESSED  CARRIER  MODULATION noise bandwidths of as low as 10~3 cps at 3KMC.
As compared with a stabilized reflex klystron,
Figure 10 in which a tube with a relatively low Q oscil=

lator cavity has its mean frequency corrected
by a high Q reference cavity, the TWT uses the high Q cavity directly in the feed=-
back circuit of the oscillator to control the instantaneous frequency.

Many other applications of TWT's are possible, since the fundamental compo-
nent of any electronic system is the signal amplifier. In the role of amplifier, the
TWT is rapidly opening up wide regions of the microwave spectrum to a much more
flexible approach to system synthesis.

Coupled Helix Circuits

Another more speculative role for the TWT lies in the use of helically coupled
circuits on the outside of the vacuum envelope. Figure 11 shows a tube with its
amplifier circuit in place. The role of the vacuum tube is reduced to an active
transmission line in one direction and a passive line in the other direction. Input
and output couplers may be arranged along the tube at will, attenuating sections
are applied to eliminate any return signal from output to input in the passive back-
ward direction. These are the usual amplifier functions connected with making a
stable amplifier tube. Variation of the tube length may be used to adjust the am-
plifier delay time which might open up the use of the tube for fast switching func-
tions. External reactive and resistive circuit elements can change the frequency
response as well as the non-linear characteristics of the active line. Some work
has started along these lines; however, there is no estimate yet as to how far or
how flexible these external circuitry methods are.

The immediate advantage of external circuitry has been that the internal vacuum
tube has been reduced to its simplest form. An electron gun, a uniform helix, and
a beam collector. The critical circuit functions of coupling in and out of the tube
and stabilizing the amplifier are now made separate and may be adjusted. This can
mean a substantial increase in production yield.
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The precision machine work required on
the capsule has been reduced to a minimum,
The coupling helices and the mounting hole re=-
quire precision while the rest of the manu~
facturing operations can be simple fabrication
methods like sawcuts, stamping, and rolling.
Thus with the versatility afforded by the wide
bandwidth which also reduces the number of
tube types, in conjunction with high yield manu-
facturing methods, sufficient demand may be
expected to result in low cost-flexible micro=-
wave amplification by the TWT,.

Conclusions

The traveling wave tube and other related
distributed circuit-electron beam interaction
tubes have been the object of intensive research
and invention for nearly ten years; however,
only in the past year have tubes of a general
purpose nature become commercially available.
Now it becomes necessary to critically examine

Figure 11 the range of usefulness of the TWT. The use
of the broadband property will require another
research phase before it can be judged and given suitable employment. A broader
less'critical role can be filled by just a few types of tubes providing narrow band
amplification and useful modulation characteristics through most of the microwave
range.

It is hoped the modulation characteristics and possible applications presented
here may suggest some useful tasks for the TWT.
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Editor's Note

This laboratory 1s very pleased for the privilege of publishing
the forgoing paper by Dr. Lacy. We would be equally pleased to re-
celve similar papers or reports that deal with your experiences and
findings on the characteristics and applications of traveling wave
tubes. The traveling wave tube 1s still a new microwave component
whose use would be greatly facilitated by such a mutual exchange of
information.
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AN X-BAND BACKWARD-WAVE OSCILLATOR¥*

W. V. Christensen¥¥

Introduction

It is possible to build a backward-wave oscillator with a
number of different rf interaction structures. Some examples of
these include loaded waveguide, interdigital lines, folded lines,
nelices, and variations of all of these. The one feature that
all of these structures have in common is a spatial periodicity
along the tube in the direction in which the electron beam flows.
The particular choice of circuit may depend on several factors,
such as power output required, ease of construction, shape of
tuning curve required, tuning bandwidth, and frequency of operation.

For the tube under present discussion, a single-filar helix
was chosen. In the X-band, the helix is of reasonable dimensions
and the techniques of building all glass helix type travellng-wave
tubes were familiar to us. The helix type tube also leads to a
small and relatively simple tube and package.

Performance Requirements

The single-filar helix type tube is capable of operating over
a 2:1 frequency range. The designed frequercy range for the tube
was then chosen to cover the 7.0 to 14.0 Kmc band which puts the
most uniform region of vower output in the X-band (8.2 to 12.4 Kmc).
The design goal for power output was nominally set at 100 mw across
the X-band and it was hoped that.the power output would not drop
too drastically outside of this band.

Physical Requirements

To cover the 2:1 frequency range, it 1is necessary to couple
the rf power out of the tube with a coaxial system. Fortunately,
the characteristic impedance of the helix is near 50 ohms and the
coaxial line can be connected directly to the helix with a VSWR
of less than 2:1. With a coaxial rf output, the cable can be
placed parallel to the axis of the tube and brought out of the end

¥ Tresented at 1955 Electronic Components Conference,
Los Angeles, California, May 26-27, 1955.
#%* Huggins Laboratoriles

Menlo Park, California
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of the capsule. This requires the capsule diameter to be only

large enough to fit around the gun bulb which is the largest dia-

meter on the tube. The outside capsule diameter could then be held

to 1.0 inch. ,

The magnetic field required to focus such a tube is of the order
of 1000 gauss. To supply this value of field it is necessary to
build an air-cooled solenoid. The solenoid can be built with open
windings in such a way that forced air comes in contact with each
layer. This forms an efficient solenoid cooling scheme. Air from
the same blower which cools the solenoid can be used to cool the
tube by merely passing the air over the outside of the capsule, for
the tube elements which need cooling are placed in good thermal
contact with the capsule itself.

Construction Technigues

The fields of the backward-wave mode on a helix are associated
very closely to the helix wires themselves. Since these fields fall
off very rapidly in a radial direction away from the helix, it is
necessary to have all of the interacting electrons in the beam pass
very close to the helix. This results in the requirement for a hol-
low beam of very tight dimensional tolerances whose thickness and
spacing from the helix is only a few thousandths of an inch. To
enhance the backward-wave mode, the helix is wound from tape whose
width 1s about four times its thickness. The dielectric loading of
the helix by the surrounding glass envelope is kept low by support-
ing the helix in a fluted glass envelope. Thus, glass touches the (
helix only along three line contacts. A

The electron beam is formed in a hollow beam gun which has a
cathode Jus*t the shape of the beam ¢gross-section. The gun is a
parallel flow Pierce type. The cathode is a Fhilips impregnated
cathode which can easily support the required current density of
0.6 ampere/cm?.

Physical Description

The tube 1s enclosed in a capsule one inch in diameter and
eleven inches long. This is shown in Figure 1. A flexible cable
with the dc leads 1s brought out of the gun end of the capsule.

The rf output cable is

a flexible coax line with
teflon dielectric. The
cable 1s terminated either
in a special type N co-
axial connector which has
low residual VSWR up to
14.0 Kmc or terminated in
= ~ an X-band waveguide adapter
e e o where only the X-band is
required.

Backward-Wave Oscillator

Figure 1 EN / 18 / 8-15-55



The tube fits into the solenoid which is 4z x L% inches in
cross-section. The blower which cools both the tube and solenoid
™ is mounted at one end of the solenoid and 1s contained within the
solenoid case. The overall length of the unit including solenoid

and blower is 163 inches.

Tube Performance

FREQUENCY (KMC/S)

—

|
300 400 800 700 1000 1300 2000 3000
HELIX VOLTAGE

Tuning Curve

Figure 2

+20

BEAM = IR MA.

*
o

/

/ '\x
e /—————
J|/-- ——_\_\
| 5 MA.
|
|
|
|
|
|
|
|

1 BEAM =

S\

—"/_—’
I

—— X BAND ———

POWER OUTPUT (DBM)
$
o
T

T 8 9 10 I 12 13 14
FREQUENCY (KMC)

Power Curve

Figure 3

Tuning Curve

Figure 2 shows a curve of frequency
vs. helix voltage. When plotted on semi-
log coordinates in this fashion, the
curve becomes a straight line. This 1s
typical of most backward-wave oscillator
structures. To cover the full 7.0 to
14.0 Kmc frequency range, the helix
voltage must vary from 300 to 3300 volts.
For operation over just X-band, the maxi-
mum helix voltage required is considerably
reduced. X-band is covered by the voltage
range of 450 to 1900 volts.

Power Cutput

The curve of power output vs. fre-
gquency is shown in Figure 3. Across
the X-band the power output 1s greater
than 14 dbm. The minimum power within
the 7.0 to 14.0 Kmc band is 4.0 dbm.

Spurlious Responses

The tube has been tested for spurious
responses across the band under various
load conditions. With a load having a
VSWR of 3:1 or less, no spurious responses
were observed 90 db below signal level.
With a load having a VSWR greater than
3:1, frequency discontinuities were noted
across the band and spurious frequencies
suddenly appeared in the neighborhood of
12.9 Kmc. Thus, for extreme VSWR varia-
tions of the load, a 3 db pad 1n seriles
with the output cable will insure satls-
factory operation even for open or short
circuilt loads.

Power Supply Requlirements

M\ Power Requirements for the Tube

Figure 4 shows a schematic diagram of the tube, power supplies,

and metering required.

The anode supply must be variable and
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o deliver between 300 and 450 volts
mmmﬁffﬂ:::::3“F S at 1.0 ma. Both the anode supply
P — N and the 7.5 volt ac heater supply
______________ must be insulated from ground for

the full helix to cathode voltage.
The helix and collector electrodes
are operated at ground potential,

3 [F5 8- [% &+ and tuning 1s obtained by operating
sugeiv | | Sissiv | | stemv = the cathode negative with respect
VG | | SeAS0vIG) |[POCeSSKOY to the helix. The helix and col-
lector supply must be variable from
Power Supply 300 to 3300 volts and capable of

delivering 13 ma.
Figure 4
The tube requires a 1000 gauss

magnetic fileld to properly focus
the beam over the entire frequency range. If only X-band is re-
quired, then the magnetic field need be only 750 gauss. For the
1000 gauss field, the solenoid requires 90 volts at 4.1 amps. The
blower requires 28 volts at 2.5 amps.

Power Supply Stablility and Ripple Requirements

The regulation and filtering of the various power supplies is
dependent upon the frequency stability required since all of the
voltages affect the frequency in some way. Figure 5 shows the slope
of the tuning curve as a function of helix voltage. The large num-
ber of Mcs/volt gives an idea of the stability of the helix voltage
required to maintain a fixed frequency. For example, at 2000 volts
the slope is 1.4 Mc/volt. A peak to peak ripple of 0.1% in helix
voltage would result in a variation in frequency of plus or minus
1.4 Mc. A ripple of 0.1% of any helix voltage in the operating
range will result in the same frequency deviation of plus or minus
1.4 Mc because of the logarithmic variation in the slope.

The anode voltage controls the beam current which has a small
effect on frequency. Figure 6 shows the relationship between anode
voltage and this frequency shift. As the anode voltage is increased

= 00 T T T

AN g \\ FREQ. = 7720 MC &

T TN - 5
N A\ .
0 4 o
23 ™ 5 N 1

2 ~ ® !

SLOPE = 0.3 MC/VOLT. |
| \\ E T \ |
300 500 700 1000 2000 3000 150 200 250 300 330
HEL!X VOLTAGE ANODE VOLTAGE
Tuning Curve Slope Anode Voltage Frequency Shift
Figure 5 Figure 6
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the frequency decreases. The slope of this increase is 0.3 Mc/volt
at the normal operating current of 12 ma. A peak to peak ripple of
1% on the anode voltage will result in a frequency variation of
plus or minus 500 Kc.

The magnetic flux density of the solenold affects the shape
of the electron beam as well as the amount of intercepted current
on the various electrodes. Both
of these factors affect frequency.
Thus, frequency 1ls somewhat a
function of the current through

°

§ ; Qt'“"‘”““‘ the solenoid. Figure 7 shows shift
g s 5 f&; ““““ _W in frequency vs. solenoid current.
g g 7 /|, The slope of this curve at the

: y a operating point is 14.7 Mc/amp. A
IR A _l peak to peak ripple current in the
- 2 I I i <A Sani fushuisien: S— solenoid of 1% would lead to a
T frequency variation of plus or

FIELD CURRENT (AMPS) minus 300 Ke. The maximum devia-
tion was 9 Mc, and the maximum
Field Current Frequency Shift slope observed was 40 Mc/amp. The
fine details of this curve will
Figure 7 probably vary from tube to tube.

Future Trends

The future trend in backward-wave oscillator design will be
toward permanent magnet focusing and lower operating voltages.
The lower operating voltages will result in a greater slope in the
tuning curve and thus more Mcs/volt. The permanent magnet focus-
ing will eliminate the need for the solenold as well as the need
for the blower to cool it and the assoclated power supvolies.

Tubes Under Development

At the present time, tubes are under development in the
frequency ranges of 2.0 to 4.0 Kme, 3.75 to 7.5 Kmc, and 10 tq
20 Kmc. The power output levels of these tubes range from 50
to 500 milliwatts in the lower frequency ranges, to 10 to 15
milliwatts in the highest frequency range.
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AN X-BAND TRAVELING-WAVE AMPLI1FIER*

L. A. Roberts¥*#

Introduction

As wideband systems and broadband measurement techniques have
been developed, the traveling-wave tube has been found to be an
extremely useful component. In the case of the forward-wave ampll-
fier, its broadband untuned amplification characteristics and fast
modulation properties make many systems and techniques possible
which were previously difficult or even impossible to accomplish.

One of the most widely used microwave frequency ranges 1s the
X=-band (8.2 to 12.4 Kmc). Until the announcement of the tube to
be described in this paper, there has been no commercially avail-
able general purpose traveling-wave tube amplifier in thls range.
The tube described herein provides useful operation over an octave
frequency range which brackets the X-band.

Performance RBequirements

In designing this tube, it was desired to use as much of the
inherent broadband properties of the traveling-wave tube as pos-
sible. Experience in lower frequency tubes has shown that they
exhibit their most uniform characteristics over a 2:1 frequency
range, even though they can provide useful gain well outside this
range. The design goal was then set to cover a 2:1 frequency

range which centered the region of best operation of the tube in
the X-band.

The design goals of the tube were as follows:
Frequency Range: 7.0 to 14.0 Kmec

Galn: 30 db nminimum at a
fixed helix voltage

Power Cutput: 10 milliwatts minimum

Magnetic Field: 300 to 400 gauss

* Presented at 1955 Electronic Components Conference,
Los Angeles, California, May 26-27, 1955.
** Huggins Laboratories

Menlo Park, California EN / 22/ 10-10-55



Stability: The tube must not oscil-
late with the following
conditions applied
simulataneously:

(1) Total reflections of any phase connected simul-

taneously to the input and the output, with (2) the

helix at any voltage within 200 volts of synchronism
and with (3) the beam current greater than the nor-

mal operating value.

Further, the initial adjustments to set the tube into operation
must be simple. There should be no mechanical adjustments to the
tube other than a simple alignment in the magnetic field to optimize
the electron beam transmission through the tube.

Physical Requirements

It was desired to have a small convection-cooled focusing sole-
noid which would require no external fans or blowers to cool the
solenoid or tube. To accomplish this, the inside hole diameter of
the sclenoid has been kept as small as possible to hold solenoid
power dissipation and temperature rise to a minimum. The solenoid
inside diameter is determined by the diameter of the capsule in
which the tube is mounted. The capsule size is in turn determined
by the size of the gun bulb which results in a capsule one inch in
diameter.

With this restriction on capsule diameter, the transmission
lines to the tube input and output are of necessity coaxial lines.
This is most easily accomplished by using flexible coaxial cable.
The cable connectors required are type N. Where operation of the
tube directly into X-band wavegulde is desired, direct adapters
from the cable to waveguide can be used in place of the type N
connectors.

Construction Techniques

A. General

The helix 1s supported in a tight fitting thin wall glass
envelope. This envelope also serves as the vacuum envelope of the
tube. The rf energy is introduced onto and removed from the helix
of the tube by means of helical directional couplers which are
external to the vacuum envelope. This type of coupling has become
known as the "coupled-helix match." Such a coupler is a very wide-
band device and almost complete transfer of energy from outer to
lmmer helix can be accomplished over a 2:1 frequency range. The
use of the coupled helix match leads to extremely simple con-
struction of the tube. Within the vacuum envelope there is nothing
except the electron gun, a uniform helix, and the collector electrode.

B. The Coupled Helix Match

The couvled helix match is a co-directional coupler. This
means that the power flow in the inner and outer helix is in the
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same direction. In order to accomplish this, 1t 1is necessary
that the coupling helix be wound in the opposite sense to the
inmer or amplifying helix of the tube. Further, 1t 1s necessary
that the phase velocity of the inner and outer helix be matched

as closely as vossible and that the correct length of the coupling

helix be chosen to give the best power transfer characteristlc
across the band.

The input and output coupling helices are mounted within
outer conductors and the spacing and the dielectric loading
between helix and outer conductor is so arranged that the helix
has a 50 ohm impedance. This then can be connected directly to
the 50 ohm coaxial cable with a resulting low VSWR transition if
care is taken to keep the resulting discontinuities small. The
VSWR measured in the coaxial line due to the translition to the
coupled helix and its coupling to the tube 1is nominally no
greater than 1.7:1. With care, it can be made 1.4:1 or less.

C. _Attenuator

The center attenuation on the tube which 1s necessary to
keep 1t from oscillating is introduced also by a coupled helix
technique. This section of helix, which is also external to the
vacuum envelope, is actually a lossy directional coupler which
dissipates the energy which is coupled into it. The coupled
helix attenuator has several advantages. (1) The actual appli-
cation of the attenuation to the tube does not take place until
the construction and pumping are complete and the tube 1s ready
for test. This means that the attenuator can be checked out on
an operating tube. If the attenuator is not exactly correct,
the change can be made simply and the tube does not have to be
torn apart to make the change as is the case where the loss 1is
within the vacuum envelope. (2) Coupled helix attenuation 1is
an extremely wideband scheme. It can couple in loss which 1is
sufficient to prevent oscillation over the entire range where
the tube exhibits any net gain. (3) The reflection coefficient
seen from the helix looking into the attenuator section 'is also
extremely low. This property makes short circuit stabllity pos-
sible and keeps gain fluctuations due to regenerative feedback
at a very low level.

D. The Electron Gun

The electron gun is a parallel flow Pilerce type gun. The
current density required in the beam is 0.5 ampere per square
centimeter. This value of current density is easily obtained
from a Philips impregnated cathode. This type of cathode has
the further advantage of being reliable and easy to process.

E. General Construction Philosophy

To sum up the philosophy of the construction techniques on
this tube: (1) Only the minimum number of parts are inslde the
vacuum envelope thus making the tube itself simple to construct.
(2) All coupling and loss is accomplished with components exter-

nal to the vacuum envelope so that adjustments and changes can
be made on an operating tube under test.
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Physical Description

Figure 1 is a photograph of the encapsulated tube. The capsule
is one inch in diameter and 13 inches long. The dc leads are brought
into the capsule through the gun end with a flexible cable which is
fitted with a high voltage
connector. The rf cables
are double braided flexible
coax with teflon dielectric
(RG-142/U). The rf con-
nectors are speclal type N
female which introduce only
a small reflection up to
J4.0 Kmc. The capsule fits
into a solenoid whose out-
side dimensions are 3-3/8" x
3-3/8" x 12". This solenoid

Encapsulated HA-4 Traveling-Wave Tube provides 400 gauss with
60 watts dissipation.

Figure 1
The tube is operated

with the collector at ground
and connected to the capsule. The cathode and anode are operated nega-
tive with respect to ground. In this way there are no exposed elec-
trodes or leads which have a potential with respect to ground. This
prevents any hazard to operating personnel.

Tube Performance

A. Gain and Power Output

Figure 2 shows typical curves of small slgnal galn, saturation
gain, and saturation power output as a function of frequency. These
curves are taken at a fixed helix voltage. The galn meets at least
the design goal of 30 db over the frequency range of 7.0 to 12.5 Kmec.
The gain is better than 20 db out to 14.0 Kmec. The power output meets

at least the design goal of 10 dbm

over the 7.0 to 11.0 Kmc range and
drops to 7.5 dbm at 12.5 Kmc. Power
- output beyond 12.5 Kmc has not been
//// \ﬂ:?s§wLum measured because of lack of suitable
. . equipment.
//,snmﬁﬁNmm \:\ B. Power Output vs. Power Input
s Figure 3 shows curves of power
| et RATION B Tt output and gain as a function of
o — | power input at a fixed frequency.
HELIX VOLTAGE = |220v0L§r\ The Output curve exhibits the nor-
CATHOOE GURRENT= LS BUA. mal traveling-wave tube character-
o l ! 1 l L— istic; 1e., the vower output is a
70 80 90 100 10 120 130 140 linear function of power input
FREQUENCY trwers until the output level is about
6 db below the saturation value.
Power Output and Gain Beyond this point the curve levels
vs. Frequency off and then decreases as greater
rf power input is applied. The
Figure 2 gain curve shows that the small
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Figure Figure 4

signal gain remains constant as a function of power input until
the power output curve starts to droop. At the power input level
corresponding to maximum power output, the gain of the tube has
dropped 6 to 7 db from the small signal value. If the tube 1is

driven beyond the maximum power output point the gain continues
to decrease.

C. @Grid Characteristics

The electron gun contains a non-intercepting grid electrode
which has a high control action on the gain and power output of
the tube. Curves of power output vs. control grid voltage are
shown in Figure 4. It is seen that the gain and power output
of the tube can be varied over an extremely wide range with the
use of the grid and that the tube can be used as an electronically
variable attenuator. The maximum attenuation that can be obtained
amounts to the cold attenuation of the tube with the beam turned
completely off and is approximately 80 db net attenuation. The
power output variation from full gain value to maximum attenuation
is something over 100 db which is obtained merely by variation of
the control grid voltage.

The control grid is a low capacitance electrode that 1is
capable of turning the beam on and off with milli-microsecond
rise time when driven from a low impedance source. The total
capaclitance between the grid and cathode as measured between
their respective pins at the base of the tube is 6.4 mmfd.

As an example, with a cw signal applied to the input of the
tube, the tube can be used as an rf pulse modulator by applying
the video pulses to the grid of the tube. Another application
involves the use of the grid as the control element in the feed-
back locp of a system which maintains a constant output signal
level from the tube over a wide frequency range independent of
drive level.
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D. Voltage Response and Phase Characteristics

Flgure 5 shows the variation of relative gain and relative
output phase of the signal as a function of helix voltage for a
fixed frequency. As helix voltage is changed away from the syn-
chronous voltage value, the gain decreases 1ln a parabolic fashion.
Furthermore, the phase of the output signal relative to the phase
of the input signal is a linear function of helix voltage. At
10.5 Kmc, a variation of plus or minus 32 volts from synchronism
leads to a phase change of plus or minus 180°. The curves show
that when the output phase has been shifted by plus or minus
180° the output of the tube has dropped just 6 db.

The phase shifting property of the traveling wave tube is
now being recognized as a very useful one. Several sihemes
utilizing this property have recently been described.

E. Noise Figure

This tube is built with a parallel flow Plerce gun and only
moderate effort has been taken to reduce noise figure. In Figure 6
1s plotted noise figure vs. frequency for a number of different tubes.
Work is presently being done on a low noise version of this tube.

F. Miscellaneous Characteristics

The tubes are insulated to operate to an altitude of 50,000
feet. Two tubes in their respective solenoids spaced within
1/2 inch of one another can be operated with no appreciable effect
on focusing or other tube characteristics.

IP. D. Lacy, Domestication of the Traveling-Wave Tube, paper pre-
sented at the 7th Region IRE Technical Conference, Phoenix, Arizona,

April 1955. Reprinted in Huggins Laboratories' Engineering Notes
Vol. 1, No. 2, July, 1955. s ® ’
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Power Supply Requirements

A. Voltage and Current Requirements

Power supply for the tube must deliver 1200 volts at 2.0 mil-
liamperes for the beam and between 250 to 450 volts at no current
for the anode. The heater is 7.0 volts at 0.8 ampere. A 6.3 volt
version of the tube will soon be available. The power supply for
the solenoid must deliver 90 volts at 0.66 amperes dc.

B. Ripple Requirements

If the helix voltage is filtered to give a peak to peak ripple
of 0.1% there will be neglible amplitude modulation. However, this
amount of ripple will lead to some incidental phase modulation of
the rf signal being amplified. The phase excursion of the output
signal with 0.1% peak to peak ripple is plus or minus 3.6° at
10.5 Kmc. The amount of incidental modulation can be determined
from Figure 5. The tube 1s much less sensitive to ripple on the
anode voltage than it is on the helix.

Although no exact figures have been measured as to the
amount of amplitude modulation on the tube as a function of mag-
netlc field ripple, it has been found that if the solenoid current
is filtered to 0.1% peak to peak ripple there are no observable
effects due to this factor.

C. Stablility of Helix Voltage.

A varlation of helix voltage plus or minus 5 volts from
synchronism will lead to a change of the output of 1 db at 11.0
Kme. Thus, the supply should regulate and hold the helix voltage
within 1 or 2 volts in order to avoid observable changes in out-
put amplitude.
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CASCADING TRAVELING-WAVE TUBES

In many systems applicatlons, overall traveling-
wave tube characteristics are required which are impossible
to achieve in one tube. It then becomes necessary to cascade
two or more tubes to achieve these results. It 1s the goal
of these Engineering Notes to point out some of the problems
that will be encountered.

This discussion has been divided into subtopics
which touch upon the major points to be considered.

Power and Gain Characteristics

Traveling-wave amplifier tubes do not saturate in
the same manner as triodes, pentodes, and other conventional
tube types. In these types as the power input 1is increased
from a low level, the power output will first increase linearly,
then level off and reach a maximum value which 1s practically
independent of additional power 1input. This is indicated by
the dashed curve in Figure 1.

The
traveling-wave tube
will have similar

output characteris- REGION

OF CONVENTIONAL TUBE
tics up to the point LINEAR
of maximum power out- OPERATION l\i_fﬂff_f _____

put after which further
power input will re-
sult in a decreased POWER

:
|
|
|
|
|
|
|
!
I
: TRAVELING-WAVE TUBE
|
|

power output. The OUTPUT !
|
|
|
|
l
|
|
|
|

N
CURVE B

power output will con-
tinue to decrease with
further increase of
power input. Excess-
ive power inputs will
result in further in-
creasing and decreas- POWER INPUT
ing variations in the

power output which will

SATURATION REGION

never approach the or- Comparison of Power Output Curves
iginal maximum power of Traveling-Wave Tubes and Con-
output. BRefer to the ventional Low Frequency Tubes.

solid curve in Fig. 1. Figure 1
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In order to define the significant power and gailn
parameters consider the operating characteristics of a travel-
wave tube amplifier shown in Figure 2. The power oubtput and
gain are plotted as a function of the power input at a fixed

frequency.
N \N feeion or
S
reaon or \\ Ny %" FT T

|
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\
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R.F. POWER INPUT (dbm)

[ SATURATION
GAIN

SATURATION

POWER OUTPUT

Typical Power and Gain Curves for a
Traveling-wave Tube.

Figure 2

The gain and power characteristics are divided into
the unsaturated or linear region and the saturated or non-
linear region. In the linear region the power output 1s pro-
portional to power input and the gain of the tube 1s constant
and independent of power input level. The gain in this region
is called the Small Signal Gain.

As the input level is increased the power output 1s
no longer a linear function of the power input and the tube
passes into the saturated region. The power output deviates
further from a linear curve with increased power input until
it reaches a maximum and then begins to decrease. This point
of maximum power output is the Saturation Power Output of
the tube.

In passing into the saturated reglon the gain 1s no
longer a constant but is a function of the input level and de-
creases with increasing power input. The gain at the point of
saturation is called the Saturation Gain and 1s approximately
6 to 7 db less than the Small Signal Gain.
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Figure 3 represents the Power and Gain Characteristics
of the HA-1 (2-4 kmc, low power amplifier) taken at a single
frequency. The algebraic difference between the power output
and power input measured in dbm is equal to the gain. From
these curves the Small Signal Gain, Saturation Gain, and Satura-
tion Power may be ascertained at this frequency.

A continuous plot of these three parameters as a
function of frequency is shown in Figure 4 for the same
traveling wave tube. The individual values of these three
parameters at the fixed frequency in Figure 3 may be checked
at the corresponding frequency in Figure 4. The curves of
Figure 3 and Figure 4 are normally included as a part of the
descriptive data sheet for each tube type.
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Noise Considerations

In addition to the gain and power characteristics
of the traveling wave tube, it is of prime lmportance to con-
sider the role of Noise Figure in applications where it 1is
necessary to cascade one or more traveling wave tubes.

Ideally, an amplifier should amplify only the sig-
nal which is applied to its input and should not produce at
its output any signals that do not exist in the input signal.
In the practical case, signals are always present at the out-
put which are not applied to the input. These spurlous signals
are divided into the categories of noise and hum. Since hum
signals are usually a power supply problem which can be elimina-
ted by proper design, noise signals will be taken as the limlt-
ing factor in our consideration of travellng wave tube noise.

The 1imiting noise levels in a system are those pro-
duced by the random fluctuations of the electrons in its con-
ductors. The level of this noise power has a definite rela-
tionship to the system's absolute temperature and the bandwidth
over which power is accepted. Thus, it 1s often referred to
as "thermal noise."™ In a matched transmission system where
maximum power transfer between the source and load occurs,
the available noilse power at room temperature 1s 4.0 x 1072
watts per cycle of bandwidth. A more convenlent way to ex-
press this noise level is -114 dbm per megacycle of bandwidth.

This thermal noise of the system may be considered
as a nolse generator at the tube input whose output 1s belng
amplified by the traveling wave tube in the same manner and
to the same degree that the input signal 1s being amplified.
The output will consist of both the amplified input signal
and the amplified system thermal noilse.

In addition to the system thermal nolse, there 1s an
additional contribution of noise in the output of the tube
that 1s associated with the traveling-wave tube 1tself. Whereas
the thermal nolse enters the amplifying portion of the tube by
way of the input coupler, the tube noise enters the amplifying
portion of the tube by way of the electron beam. An electron
beam has noise components that are propagated along 1t and are
amplified in the same manner that the system thermal nolse 1s
amplified.

The measure of the contribution of nolse by the tube
alone is known as the Noise Figure and represents the power
ratio of the Signal to Nolse ratio at the input to the Signal

to Noise ratio at the output (usually expressed in db). This
noise contribution can be considered as an equivalent noilse
generator at the input of the tube with the tube 1tself belng
a perfect amplifier and introducing no noilse.

Figure 5 1s an equivalent representation of these

signal and noise components as they would exist at the input
of a traveling wave tube amplifier.
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Flgure

The magnitude of the noise is greatver than the thermal
noise level by the Noise Figure of the tube. For example, 1if
the tube has a Noise Figure of 20 db, this number is added to
the thermal noise level of =114 dbm per megacycle of bandwildth to
-94 dbm per megacycle of bandwidth. The total nolse power at the
input 1s predominantly from this generator. (This will be true
until tube noise figures are reduced to a few db at which time
the thermal noise generator contribution will begin to be appre-
ciable with respect to tube noise.) Further, suppose that some-
where in the system following the amplifier tube there 1s a band-
pass filter which is 10 mc wide (e.g. an i-f amplifier). Noise
is accepted over a 10 mc bandwidth and is a factor of 10 (i.e.
10 db) greater than for 1 mc. The noise generator at the tube
input is then -84 dbm. If the tube gain 1s 30 db, the nolse
power level at the tube output is -54 dbm.

Another way of representing these varilous signal and
noise components would be to plot them graphlcally on the
power characteristics of the tube as shown 1in Figure 6.

The origin is taken as -114 dbm/mc for convenience.
The thermal noise of the system is determined by accounting
for the bandwidth of the following system. The equivalent nolse
power input to the tube is determined by adding to the thermal
noise power (in dbm) the noise figure of the tube (in db). From

the power characteristic curve the output nolse power level 1is
determined.

The dynamic range of the tube is limited on the low
power end to the signal level which 1s just equal to the
equivalent noise invut level. It 1is limited on the high power
end by the signal level which Just drives the tube to saturatlom.
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The dynamic range (in db) is then equal to the difference
in these two power levels.

POWER OUTPUT (dbm)

OUTPUT
NOISE

POWER
DYNANIC
LEVEL o < "RaNGE —>

’ |

A BANDWIDTH 4 NOISE POWER INPUT (dbm)

RATIO STATED | FIGURE

<— |IN db —=>r<|Ndb

(REFERRED
TO | Me.

TOTAL EQUIVALENT
NOISE POWER INPUT

-114
dbm/Mc.

THERMAL
NOISE
LEVEL

Combined Plot of Noise and Power Characteristics

Figure 6

Sensitivity

One common measure of sensitivity is known as
Tangential Sensitivity. It is the input signal power
which is just equal to the total equivalent input noise
power of the system. This definition 1s demonstrated in
Figure 7 for an oscilloscope display of the detected out-
put of a pulsed signal. ©Signal power input 1s read when
the bottom of the nolse with the pulse on 1s tangentlal
to the top of the nolse with the pulse off. The noise
level which is seen in such a display 1is a function of the
bandwidth of the system as well as 1ts noise figure. Video
as well as r-f bandwidth must be taken into account. If
a square law detector 1s between the r-f and video portilons
of the system, then the calculation of equivalent bandwidth
must be modified to account for this. For example, if the
limiting r-f bandwidth ahead of the square law detector is
1000 mc wide (30 db with respect to 1 mec) and the video

EN / 34 / 5-1-56



+ )=

N

NOISE SIGNAL TANGENTIAL SENSITIVITY

Representation of Tangential Sensitivity.
Figure 7

bandwidth following the detector is 10 mc wide (10 db with
respect to 1 mc), then the sensitivity improvement due to

this bandwidth reduction is (22519) = 10 ab. Dividing by

2 accounts for the square law detector's effect upon the nolse.

Some systems may be able to handle signals at levels
below tangential and others may require slgnals much greater
than tangential. However, this criterion does establish a
common measure of system sensitivity.

There are two obvious ways to increase sensitivity.
One method would be to employ a low-nolse travellng wave tube
amplifier. In any chain of amplifiers, it 1is the input amplifier
that determines the noise figure of the complete chaln provided
it has sufficient gain so that its noise overrides that of sub-
sequent stages. It 1s for this reason that great care is taken
in the circuit adjustment and noise figure of any r-f input stage.
Therefore, any decrease in noise figure of the individual input
tube will directly improve the sensitivity of the complete system.
Figure 8 shows the noise figure for the HA-11 (10 mw, 2-4 KMc
amplifier) which is essentially an HA-1 with a low-noise gun
replacing the standard gun. This low-nolse gun design results
in an improvement of approximately 10 db in noise figure.

~ 1|5
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g |3 ~‘~ /
< 12 i
w
w /
n |l
o
Z |0
2 3 4

FREQUENCY (KMc/s)

Noise Figure of an HA-1l as a Functlon
of Frequency.

Figure 8
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Another way to increase the sensitivity would be to
decrease the overall system bandwidth. Increased sensitivity
may be realized with ever decreasing bandwidth until a polnt
1s realized where the bandwidth becomes so narrow that it will
not pass the spectrum that is necessary to accomodate the
expected signal.

The noise figure of the tube and bandwidth of the
system are two independent variables contributing to the sen-
sitivity of the system and a change 1in one of these varilables
does not affect the other. In conclusion, 1t should be noted
that any loss in the r-f cilrcuit before the input coupler to
the traveling wave tube amplifier represents a decrease 1n
sensitivity and must be included as an additional factor to
be considered with the thermal noise and the noise filgure of
the tube. This input loss, in db, must be subtracted directly
from the sensitivity of the system.

Limiter Characteristics

In some microwave applications it 1s desirable to
have a device which will give a constant power output over a
very large dynamic range of power inputs. One method of
achieving this involves the utilizatlon of the saturation
curves of two dissimilar traveling wave tube amplifiers. In
this application the two saturation curves are combined so
as to keep the output tube in a state of saturation for a
large range of input power levels of the first tube. Thils
can best be illustrated by consldering a numerical example of
this principle applied to two of our standard tubes.

For example, consider the saturation curves of two
of the 8-Band production type tubes. The HA-1 1is a 10 milli-
watt amplifier tube and the HA-2 1s a 1 watt amplifier tube.
These curves are illustrated 1in
T ] Figure 3 and Figure 9 respectively.
GAIN (48) = Assume that the specification calls
- ~ for a constant power output of 1 watt
‘\\ +1-1/2 db at 3 KMc. This output

igs to be constant over as large a

/ \ range of inputs as can be easily
}// achieved. It is seen from Flgure

9 that if the power 1nputs were on

20 | the order of -2 dbm to +13 dbm that

POWER OUTPUT (dbm) the requir'ement would be met with

L= . this single tube. However, suppose
e a0 \ the requirement here calls for a

KTHoBE CunRewt -20 . wider dynamic range encompassing

CATHODE CURRENT =20 Ma.

10 e a lower level of power Ilnputs.
-20 -10 0 +10
POWER INPUT ( dbm)

Examining the HA-2 sat-

Power and Gain Character- uration curve further, we note that

istics of an HA-2 at 3.0 the input power of +13 dbm results

KMc. in 28.5 dbm power output and that
Figure
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any further drive would tend
to give less power than the /’—N\\\
specifications call for. It \

i1s then desirable to have a 10

second traveling wave tube

that will saturate at +13 dbm /

at this frequency. Such a ’ '\
the HA-1 amplifier tube at /// \\
about one-half its rated beam 0 \
power. This saturatlon curve r// wehe gopinde  wdas

i1s shown in Figure 10.

POWER OUTPUT (dbm)

condition is met by operating
| | |

These two curves =40 -30 -20 iy O *8
are combined in Figure 11 POWER IRPUT [ dtm]
with the power output scale Power Characteristic of an
of the HA-1 superimposed on HA-1 at 1/2 Rated Beam Power
the power input scale of the at 3 KMe.
HA-2. The HA-2 has its beam
power adjusted to give a sat- Figure 10

urated power output of 31.5

dbm at the required frequency of 3 KMc. It is seen that when
the 28.5 dbm points of the HA-2 are projected on to the satura-
tion curve of the HA-1 that the dynamic range over which these
power output conditions will be met is -39 to +5 dbm. The in-
put power can vary over a range of 25,000 to 1 and the power
output will vary only over a 2:1 ratilo.

The power output for any particular power input 1s
obtailned by projecting these individual saturation curves to
form a power output curve as a function of power input. As an
example, consider any arbitrary input as Point A and project
it as shown. Point by point projections result in the complete
power output curve.

This degree of limiting may be extended by the addi-
tion of a second HA-1 which could result in a power output
variation of 30 dbm *1/4 db for 62 dynamic power input range.
Comparable limiting may be achieved with only two tubes where
they are especially designed for this type of operation.
Depending upon the required power output, this tube combina-
tion could entail 2 HA-2's, 2 HA-1's or one of each. Limiting
can be done in other bands with other tube types.

Although this discussion has been concerned with a
single frequency, tubes can be made which have flat galn vs
frequency characteristics and wide band limiting 1is possible.

Cascaded Amplifier Characteristics

In many applications it 1is desirable to obtailn
more amplification and power output than can be achieved
with one tube. It is then necessary to cascade two or more
traveling wave tubes to achieve this added performance. The
factors to consider are the noise figures of the individual
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tubes and saturation characteristics and how these parameters
are interrelated when they are superimposed on each other as
they were in Figure 11.

The problem is twofold. The noise of the input Sube
may saturate the output tube resulting in an unusable display
or output. The signal power output level of the input tube may
saturate the output tube resulting in a very small or limited
linear dynamic input range. Both of these conditions are il-
lustrated in the following numerical example which will bring
out most of the problems that must be solved in this type of
operation.
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Assume that 1t 1s necessary to achleve a 40 db
linear dynamic input range with a gain of 55 db at 3 KMc.
Assume further that the system bandwidth is to be equal to
the bandwidth of the tube. This amount of gain 1s not usually
possible with a single tube so it becomes necessary to cascade
two tubes. The first solution may appear to cascade two HA-1's
since individually they will both have a small signal gain in
excess of 30 db which should easily meet our requirements with
a total gain of over 60 db.

&
Elz
el 5
2|0 |
|
HELIX VOLTAGE =440 V. — |
CATHODE CURRENT = 3 Ma. o l
T 1
< |
& | HELIX VOLTAGE = 440 V.
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-20 |
____________ |
l I
' |
V4 | |
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~ 30 db —>t<26db—>{ DYNAMIC SATURATION
| KMc NOISE LINEAR REGION
[ NOISE ] FIGURE RANGE
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%} E £ 13
= a o o
T~ d o o
e E o
= g "l, :'l
|

Projection of Power Curves of Two Cascaded HA-1's.

Figure 12

In Figure 12 the power curves of two HA-1's are
superimposed in the same manner that was followed previously
in Figure 11. The noise figure considerations are also in-
cluded wherein a noise figure of 26 db is assumed as well as
an effective 3 db noise bandwidth of 1 KMc.

Examination of Figure 12 reveals that this solution
has failed on two counts. (1) The linear dynamlc input range
of the first tube is only 34 db (58-24) and falls short of
the required 40 db. (2) The equivalent noise power input of
-58 dbm at the input of the first tube when amplified Dby
LO db to -18 at the output of the first tube willl drive the
second tube to saturation. This results in 16 dbm of noilse
at the output of the second tube with a corresponding zero
linear dynamic range. Any increase in input power will drive
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the second tube further into saturation. S&uch a combination may
not even work well as a noise source since 1t 1s operating in a

sgturated condition with the resulting clipping of the noise peaks.

The two factors that made this combination fall were

the noise figure of the first tube which limited the dynamic input
range and the power handling capabilities of the second tube which

allowed 1t to be lmmediately saturated by the first tube.

OUTPUT (dbm) SECOND TUBE HA-2
30 20 10 0 -0 -20 -30 -40

20

- i b s o s 7(—-\
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Projection of Power Curves
€0 of a Cascaded HA-11 and an
HA-2.

Figure 13

Consider the combination of a low-noise HA-11 followed
by a medium power HA-2 as superimposed in Figure 13. The HA-11
has a noise figure of at most 15 db across the 2.0 to 4.0 KMc
band. The HA-2 has a noise figure of at most 25 db over this
frequency band and has the same 1 KMc effective nolse bandwidth.
This places the equivalent noise power input at -69 dbm for the
HA-11 and -59 dbm for the HA-2.

Inherently the HA-1l has a linear dynamic range of
44 db (69-25). However, when operated directly into the HA-2,
the overall dynamic range of the cascaded pair is only 27 db
(69-42) because the HA-2 is driven into its saturation region
at -2 dbm input. The overall gain for this limited linear
range is 69 db (69-0). In order to obtain the greatest dynamic
linear input range, both tubes must be made to saturate
simultaneously.

Since the 69 db gain is not required a more reasonable
solution 1s to put an attenuator between the first and second
tube in order to keep the first tube from saturating the second
tube at low input levels as it did in Figure 13. The padded com-
bination is shown on the same figure where the superimposed first
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tube output and the second tube input power levels have been
moved in respect to each other by the amount of the pad. This

is shown by the dotted oblique lines between the first tube's
output and the second tube's input. The value of this padded
attenuation between the two tubes 1s the difference between the
highest linear output of the first tube (+13 dbm) and the highest
input resulting in a linear output of the second tube (-2 dbm).
This gives 15 db as the value for this pad.

The final overall characteristics are a 44 db (69-25)
linear dynamic range and a small signal gain of 53 db (69-16).
This closely approximates our original goals.

As these two input-output ordinates were effectively
shifted in respect to each other in Figure 13 by the interstage
15 db pad, 1t should be noted that the equivalent noise power
input of the HA-1ll came within 11 db (58-47) of falling within
the noilse region of the second tube. If this had occurred, the
limiting sensitivity of the system would have been determined
by the noise figure of the second tube and not the noilse figure
of the first tube.

One other method of operating the tubes which was not
worked out in this example would be to operate the HA-1ll at re-
duced beam power so that it would have saturated simultaneously
with the HA-2. Operating in this fashion, the dynamic range of
the HA-11l (and thus of the overall combination) would have been
reduced because nolse figure does not improve in proportion to
reduction of saturation power output. In fact, noise figure
decreases by only 1 or 2 db as beam current (beam power) is
decreased.

-- B. A. Huggins
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PHASE MODULATION OF TRAVELING WAVE TUBES

Although the traveling wave tube is best known and utilized
for its broadband characteristics, it has many narrow band char-
acteristics that are equally important. One of the more import-
ant narrow band characteristics 1s its usefulness as a device to
gshift freaquency by phase modulation, or what 1s sometlmes referred
to as "transit-time modulation.t" When the correct modulating
waveforms are applied, this can result in a single side-band modu-
lation characteristic which may be used in doppler simulators,

‘coherent pulse simulators, homodyne systems, and similar frequency

shift or frequency sensitive applicatilons.

This discussion will be confined to the use made of the
rhase shift properties of a traveling wave tube which result from
a variation of the helix voltage. This 1is the mosi satisfactory
method for obtaining this phase shift and is the only one adapted
to shifts of 2 m.radians or greater. Suffice 1t to say that other
tube or circult parameters that affect the electron beam conflgura-
tion will also to some degree affect the phase relatlonshlp between
the input and output signals. These include such things as position
and magnitude of the magnetic field, cathode current, as well as
the magnitude of the input signal if the tube 1s being driven 1into
the saturation region. Phase modulation due to these secondary
causes willl be the subject of a later Engilneering Note.

S Or S Side-Ba Mod;

The velogity of a signal passing through a traveling wave tube

is determined by the combination of the physlcal conflguratlon

of the helix and the electron beam. Normally, the helix voltage
is adjusted so that the electron veloclty of the beam and the wave
veloclty on the helix are essentlally equal. Varying the helilx
voltage and thus the corresponding electron velocity will perturdb
the velocity of electromagnetic waves on the hellx. The velocity

I Raymond C. Cumming, "The Serrodyne Frequency Translator",
Proceedings of the I.R.E, February 1957.
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changes tend to advance or retard the phase of the output
signal with respect to the phase of the input signal.

A
Consider Fig. 1.. The phase delay or advance 1s plotted
as a function of the helix voltage for the HA-1 at a fixed fre-
quency of 3.0 kmc. An 18 volt modulating voltace when applied
symmetrically about the synchronous value of helix voltace will
chift the phase 360° or 2 7 radians. This manifests 1itself as a
+ 180° or a t 7radian phase varilation from the conditlon of zero
relative phase shift at the synchronous voltage condition.

Since phase 1s essentially a linear function of hellx
voltage, constant dg/dt can be obtained by applying a linearly
Increasing voltage as a function of time. For example, let the
voltage waveform begin at a voltage corresponding to -m.

Then as voltage increases, the phase will soon reach the value +r.
A phase of +m or - -means exactly the same thing,
therefore the voltage can be instantaneously changed back to 1ts
starting value, the output phase will be unchanged and waveform
can be repeated. This waveform is simply a linear sawtooth volt-
age with infinitely rapid flyback time. At the output of the tube
1t appears that phase 1is increasing indefinitely with time at a
constant value of ag/dt.
This means that the in-
put frequency 1is shifted
by an amount egual to dg/dt
o a since time rate of change
cath. = .16 Ma. s o
o e - — — ’ 3 KMc/s Zieggisgki?tequal to fre-
i //_\ OUTPUT PHASE
, iy b A sawtooth voltage
RELATIVE - | which swings symmetrically
PHASE 0°}— T about the synchronous
| hellx voltage 1is usu-
| . ally used 1in applications
N | ; where these phase shift
. ' characteristics are re-
i ‘"~_%__"_*<~"*‘— 57 v quired. This is some-
B e SRR btk what analogous to allow-
[ I | Ing the second hand of a
dﬁ o gpris: 4;3 clockdtoogomplete 59
3 seconds the minute
R LIy and then quickly turn-
Ing it backwards in
the last second to 1ts
Phase Shift vs Helix Voltage Initial starting place
for HA-1 TWT after which the process
repeats 1tself. The
apparent result is a
~Lizure 1 continuous advancement
In phase wherein the
~
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algebraic summation of the revolutions never exceeds one revo-
lution. To continue the analogy a little further, the center
about which thls variation occurs 1s analogous to the synchronous
voltage and would be at the half minute point since both of

these varlations are a + varlation about a center of reference.
This repetitive sawtooth voltage type of modulation where the
phase 18 changed by 360° per voltage swing results in single
sldeband modulatlion of the original frequency wherein its original
frequency 1s shifted either higher or lower by the value of the
repetition rate of the sawtooth voltage.

HA-I

L
\ 3.0 KMc/s RELATIVE PHASE SHIFT
+n

Ag O

— > FLYBACK

TIME At

| SAWTOOTH VOLTAGE INPUT |

MODULATION |
TIME ’

t ——— > |

I

I

OSCILLOSCOPE PRESENTATION
OF
DIFFERENCE FREQUENCY

Phase Modulation Time Reference Diagram

Llgure 2
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A negative slope on the modulating voltage results in a
decrease in frequenoy output as compared with the original input
frequency; a positive slope on the modulating voltage results
in an increase in frequency output as compared with the original
input fregquency.

For example, a peak-to-peak sawtooth voltage of 18 volts
with a one second period superimposed on the d.c. voltage applled
to the helix of an HA-1 traveling wave tube will result in an
output signal shifted in phase with respect to the input slgnal
by 360° per second. Thus, the output signal frequency ls shifted
by one cycle per second, or one cycle per sawtooth period. Like-
wise, Af the frequency of the sawtooth 1s 1000 cps, the output
phase 1s shifted 360o per 1/1000 of a second, corresgponding to a
frequency shift of one cycle every 1/1000 of a second or 1000
oycleg per second which agailn 1s equal to the gawtooth frequency.

Figure 2 gives a composlte plcture of this action whereln a
sawtooth voltage of period t with a flyback tlme of At 1s applied
to the curve of Figure 1. In this figure we have taken some
liberties with our 1illustrative projections in that the sine-
wave shown 1s an oscilloscope presentation of the difference
frequency between the input and output frequencles. This oscil-
loscope presentation will be explalned below and 1s included
here for clarity and further reference.

The linear sawtooth voltage input results in a linear in-
creasing or decreasing phase output as shown. Directly below
the sawtooth input voltage 1s plotted the difference frequency
signal which would be obtained if the 1lnput and output slgnals
were mixed. The difference frequency 1s made up of two com-
ponents. The predominate frequency component is equal to 1/t
and this side band contains practically all of the avallable
r.f. power. The other frequency component 1s equal to 1/At and
occurs only during flyback time. Since it 1s a much higher fre-
quency little energy 1s expended during 1ts cycle and 1t repre-
sents only a small energy component of the total signal gspectrum.

In operating one of these phase-modulatlon frequency-
shift systems, it 1s very important to obtaln the difference
frequency shown above and use it as a means of monitoring the
overall system performance. The resulting sinewave may then be
used as a criteria in setting up the various voltages required
to obtain the optimum modulation conditions. A simple method
of setting up and observing this phenomena 1is shown in Figure 3.
Essentially, this consists of a slgnal generator providing a
local oscillator signal for the crystal mixer as well as the
input to the traveling wave tube. The relative magnitudes of
the two signals that are fed into the crystal mixer are pro-
portioned so as to insure linear mixing. The original frequency
presents a power level of O dbm which 1s sufficlent to ensure
linear mixing while the shifted frequency from the traveling wave
- tube has an input to the mixer of -30 dbm.
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Block Diagram of Measuring Equipment

Fioure 3

For simplicity and ease of operation, the crystal in a
slotted line was used as the mixer which permits the examina-
tion of the mixed signal at any arbitrary phase by moving the
probe position. The hellx of the traveling wave tube 1is modu-
lated with a sawtooth voltage and the output 1s fed to the
' other end of the slotted line where it mixes with the unaltered
' original input signal. The resulting difference frequency 1s
{ amplified and displayed on an oscllloscope or applied to .the
| distortion measuring equipment.

The correct value of voltage swing and its center or
average value may be determined by elther observing the best
gsinewave on the oscilloscope or by setting the system up for
minimum harmonic dlstortion. The ddjustments consist of de-
termining the magnitude of the sawtooth voltage and adjusting
the helix voltage so that the modulating voltage swings about
the synohronous voltage. A third adjustment that may not be
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. avallable due to system considerations is to adjust the pick
off point on the slotted line for an optimum rhase relation-
ship of the flyback time. This is due to the faoct that the
mixer is usually fixed in position in the r.f. oircuit of a
normal system. Even if the mixer could be moved for opt imum

™  conditions 1t would be at the correct vposition for only selected

frequencies across any operating band.

dncidental Amplitude Modulation and Phage Distorticn

Since distortion may greatly affect the operation of the
system in which these slgnals are to be used, 1t 1s appropriate
to consider the types of dlstortion, thelr causes, and how they
may be remedied.
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One may think of spurlous signals in the output of the
tube as distortlon. This results from the fact that the um-
wanted frequencles are harmonically related to the frequency
ghift, AT, and can be represented by & gpectrum of frequencles
centered about the shifted carrier and spaced from one another by
Af. If the output of the tube 18 linearly mixed with the 1ln-
put signal as shovm 1in Figure 3 and the difference frequency
signal 1s examined, the unwanted frequencles are then merely
harmonics of the difference frequency. Their value can then
be determined gimply Dby making a harmonic distortion measure-
ment.

In the foregolng discussion, 1t has been assumed that
the phase change Was a linear function of the hellx voltage
change. This 1s only approximately true since the phase
change varles as the square root of the hellx voltage change.
However, since the helix voltage change 18 guch a small per-
centage of the gynchronous nelix voltage the approximation of
a linear phase characteristics i1s almost valid. In the case
of the HA-1 the hellx voltage voltage change for a 2 7 radian
ghift in the phase 18 only about 5% of the synchronous hellx
voltage. Assuming a perfect gawtooth voltage the slight re-
maining curvature in the phase characteristic would result
in a harmonic distortion of 2 toO 3 percent 1f there were no
otner sources of distortion.

Consider the distortion that may be attributed toO not
operating the modulating voltage about the correct hellx
voltage. Figure I, represents two operating conditions where
the modulation voltage 1g centered on the correct helix volt-
age and on an jncorrect hellx voltage. In this flgure the
module ting sawtooth voltage of the proper amplitude to swing
the phase T radlans 1s projected on the normal Galn VS Helilx
Voltage curve. The correct d.Ce. component of the voltage 18
equal to the synchronous voltage which glves the maximum gain.
This produces the least amplitude modulation for the required
helix voltage swing. This amplitude modulation 1s responsible
for harmonic frequency distortion which produces AM side-
bands in the spectrum of the shifted frequency. On a standard
tube (gain greater than 30 dab) the value of this superimposed
amplitude modulation is of the order of 2 db. This may be
lowered to approximately 1/4 db by the proper applications of
cold loss which reduces the tube gain from approximately 40 db
to 10 db. It should be pointed oubt that this reductlon of AM
cannot be accomplished by decreasing gain through reduction oI
peam current. It must be done when the tube 18 manufactured by
loading the hellx with cold losse.

In most traveling wave tube applications and in the data
presented in our data sheets the hellx 1s operated at a fixed
value for all f requencles under consideratlon. This represents
truly broadband untuned operation. These phase shift applicatlons
require that the travelling wave tube operate at 1ts point of
maximum gain which in turn 18 determined by the synchronous
nelix voltage. In other, words to minimize indidental AM,
the helix voltage must be optimized at each frequency.
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HELIX VOLTAGE

DISPERSIVE

HA-I

BROADBAND REGION
480V

REGION

FREQUENCY (KMc/s)

Dispersive Curve for HA-1

Fioure 9

Flgure 5 1llustrates
how this optimum
helix voltage or
synchronous voltage
varies as a function
of frequency. This
curve 1is known as
the Dispersive Curve
for the traveling
wave tube.

The curves of the
Phase Shift as a
Function of Helix
Voltage of Figure 1
and the curve of the
gower output as a
unction of Hellx
Voltage of Figure 4
are superimposed in
Figure 6 for various
flxed frequencles. The
required hellx voltage
for a 27 radian shift
in phase 1s indlcated.
The incidental amplitude
modulation for this
phasge shift 1ls also
noted.,

2.0 KMc/s

A=

3.0 KMc/s

4.0 KMc/s

4IMOd

v 1ndino

INdNI ¥3Imod Q3xI4

VOLTAGE

Lol W § U E

—_ Gain & A¢gvse Hellx Voltage

Figure 6
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There are a few features of this series of curves that
gstand out. It is seen that the optimum operating voltage has
inoreased with decreasing frequency in accordance with Figure 5.
The magnitude of the required modulating voltage has lnoreased with
deoreasing frequency. Its magnitude is roughly proportional to
the wave length. This is plotted in Flgure 7.

The gain response as a funotion of hellx voltage becomes
inoreasingly wider as the frequency deoreases. Thls fact coupled
with the inoreasing modulating voltage as the frequency decreases
results in praotically the same value of ampllitude modulation
across the operating band.
. SREAGRACY This accounts for the observa-
(Vz,:d::c‘vnollu . cnn:dnlon.n) tion that the degree of dis-

hase Shifl of Output tortion 1s nearly independent
of frequency.

HA-I

The distortion that arises
from poor adjustment of the
\\\\~/ﬁ/”VN“ amplitude of the sawtooth

modulating voltage 1s due
to the fact that the phase
has not been advanced or re-
tarded exactly 2'w radlans.
Figure 8 1llustrates the
P . various oscllloscope presen-
, FREQUENCY (KMc/s) tations of the difference
Peak to Peak Voltage hequired frequency output of the

for a 2r Radian Shift in Phase mixer of Figure 3 that may be
observed as the modulating

V2n

14 VOLTS

Ny
Sa

Ficure 7

voltage 1s varied. This voltage adjustment may be monitored by
visual inspection of an oscilloscope presentation or by the use
of a harmonic distortion analyzer.

VOLTAGE SWING TOO SMALL VOLTAGE SWING CORRECT VOLTAGE SWING TOO LARGE
a. b. c.

Difference Frequency Presentation for
Various Amplitudes of Modulating Voltage

Ficure 8
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MINIMUM DISTORTION MAXIMUM [ngTORTION
a. .

The Phase Relationship of the Flyback
Time Retrace for Min. & Max. Distortion

Fioure 9

Another source of distortion which may be adjusted for a
minimum value in the test setup 1llustrated in Figure 3 1s the
relative phase of the original signal and the altered signal at
the mixer. The amount of distortion in the difference frequency out-
put can be varied by moving the probe carrlage on the slotted
line. In most applications this ad Justment would not be avail-
able since the usual system would have to perform satlisfactorily
under conditions of arbiltrary phase relationships at the fixed
position of the mixer.

Flgure 9 1llustrates the position of maximum and minimum
distortion. It is readlly seen that this 1s a function of the
posltion of the flyback time retrace on the difference frequency.
The difference in per cent harmonic distortion between the optim-
um pleck off condition and the poorest pick-off condition is 3°%0 5%,

A final source of distortion could be attributed to any
nonlinearity of the sawtooth voltage. Techniques are readily
avallable so that this factor can be practlcally neglected.

The distortion due to the flyback time retrace may be minimized

by making this time as short as possible. Such a precaution

will result in two beneficial effects. One, the energy confined

to this retrace time will be practlcally negligible compared with
energy contained in the main trace. Two, the frequency represented
by the retrace time will be so high as to be outside of the fre-
quency range of interest.

Distortions from 57 to 7% were achieved in the test setup
previously descoribed. These flgures could have been reduced
by 2% to 3% by using tubes which had been ad justed for low-
galn and flat response as illustrated in Figure 4,
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It is thus possible to achleve these single sideband
modulations or frequency shifts with very small per cent dis-
tortions which correspond to unwanted sidebands which are
30 to 40 db below the carrier amplitude.

Limits of Frequency Shifting Technlgrve

It is possible to accomplish frequency shifts of the
order of tens of megacyoles. The only limitation is to design
the cirocultry that can modulate the helix with a sawtooth
voltage at these high frequencies. In the 10 to 50 mc range,
distributed amplifiers are used for this purpose as well as
some schemes involving charging of stray capacitances.l At fre-
quencies above 50 mc, or the order of several hundred megacycles,
frequenoy shifting with multiple sideband response may be
accomplished by sine wave modulation of the helix. The usable
frequency shifts are represented by the lowest order sldeband
of the resulting frequency spectrum. The 1limiting condition
that the tube imposes on such high frequency modulatlon 1s en-
countered when the period of the applied waveform becomes appre-
ciable with respect to the transit time of the electron beam
through the tube. There is also the possibllity that the modula-
ting frequenocy would be limited by resonant conditlons ef the
helix as a transmission line.

- D. R, Bellis
- R. A, Huggins
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HUGGINS’
TRAVELING WAVE TUBES

EASY TO OPERATE AND ADJUST
HIGH PERFORMANCE

RELIABLE

RUGGED

PERFORMANCE CHARACTERISTICS
1. High Gain

Small Signal Gain is a minimum of 30 to 35 db
depending on frequency range.

Saturation Gain for the medium power tubes is at
least 30 db so that the tube can be driven to full
power output with a milliwatt signal generator.

2. Wide Bandwidth

Most tubes provide rated gain and power output
over 2:1 frequency range without readjustment of voltage
or current and have useful gain and power output over a
much wider frequency range.

3. ©Stability (Freedom from oscillations)

Spurious low level oscillations have been elimin-
ated. The tubes are stable under short circuit condi-
tlons. Total reflections of arbitrary phase can be
simultaneously connected to the input and output r.f.
cables without oscillation.

4. Low Regeneration

Periodic fluctuations of gain as a function of
frequency due to regenerative feedback are held to a
minimum. Variations of less than plus or minus 1 db
can be expected into a matched load. Gain fluctuations
are not excessive with high VSWR loads.

5. Low VSWR

The VSWR measured with the tube not operating is
less than 1.7:1 for most tubes. Both the input and
output VSWR measured with the tube operating does not
differ appreciably from the cold VSWR except at one
or two isolated frequencies within the band.

A/ 1/ 1-14-55



6. Holes

Holes in gain and power output as a function of
frequency are virtually eliminated.

7. Grid Control

All low power tubes have a grid electrode which
enables variation of gain and power output over wide
ranges with relatively small voltage variation. At
least 40 db reduction in gain is provided anywhere
within the operating band with 50 volts negative
applied to grid. If sufficient negative grid voltage
is applied so that the beam current is cut off, the
total reduction in output can be as great as 90 to
100 db.

8. Vibration Effects

When solenold and tube are mounted on shock trays
such as used in aircraft equipment installations, the
effects on operating characteristics are not appreci-
able with 10 G's vibration at 60 cycles in all direc-
tions of vibration.

9. Long Life Characteristics
Minimum of 1000 hours for low power tubes.

Minimum of 500 hours for medium power tubes.

OPERATING CHARACTERISTICS AND ADJUSTMENTS:

1. A minimum number of voltages are required for
operation.

Low Power tubes require:

a. Heater Voltage Supply (6.3 - 7.0 volts A.C.)
b. Helix and Collector Voltage Supply (same voltage)
c. Anode Voltage Supply (anode draws practically no
current)
d. Grid Voltage Supply (optional since grid is at
cathode potential for full gain)

Medium Power tubes require:

a. Heater Voltage Supply (7.0 volts A.C. )

b. Helix Voltage Supply

c. Collector Voltage Supply (helix voltage plus
150 volts)

d. Anode Voltage Supply (anode draws no current)

2. Simple Adjustments to Set Tubes into Operation.

Tubes require no RF measurements or adjustments
which use a signal generator for setting into operation.

A/ 2/ 1-14-55




a. Merely adjust tube position in magnetic field
for minimum helix current.

b. Apply helix voltage given on data sheet with a
1l per cent accuracy meter.

c. Apply anocde voltage for rated current.

3. ©Safety to Operating Personnel

There are no exposed coolers, leads, or terminals
which have voltage with respect to ground.

PHYSICAL CHARACTERISTICS
1. Rugged Capsulation

a. All metal capsule has tube permanently locked
in place inside.

b. Tubes will easily withstand shock of normal
handling by unskilled or untrained personnel.

c. No breakage can result from handling of the
uncapsulated tube since tube i1s permanently
locked inside capsule.

d. All mechanical adjustments on tube are made
inside of capsule at the factory.

2. Capsule Size

Capsule size of the amplifier tubes 1is 1.0 inch
maximum diameter. This small size allows the tubes to
be operated in efficient, small diameter solenoids.

3. Input and Output Cables

The tubes are provided with input and output leads
consisting of flexible high-temperature 50 ohm coaxial
cable. Either BNC or Type N connectors can be provided
in most frequency ranges.

SPECIAL MODIFICATIONS OF TUBES
1l. Power Lead Filters

Fillters can be provided within the tube capsule to
prevent BF feedthrough into the tube on the D.C. voltage
leads. Fillters are necessary in high signal strength
areas to eliminate unwanted signals from entering the
amplifying channel. Filters are also necessary to
prevent oscillations due to stray feedback when high
gain tubes are operated in tandem.

Filters provide at least 35 db of dissipative loss
in series with each lead going into capsule.
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TRAVELING-WAVE TUBE

AMPLIFIERS

Frequency in Kilomegacycles

0.5-1.0 K 2-4 4 -8 7-14 10 - 20 20-4{4
ol - 10
MILLIWATTS
DHA-3 DHA-2 | DHA-I
I =10 & #* HA=15
MILLIWATTS
# ga-7 | HA-S HA-1 HA-3 HA-4
10 - 100 HA-N
MILLIWATTS # HA-17
HA-10
ol - 10 HA-13
WATTS
HA-2 | HA-6
I = 10 HA-12 3 HA-9
WATTS
0 -100
WATTS

* New products not previously announced.

8-1=56

Huggins Laboratories, Inc.

Menlo Park, California
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Flease note the following changes 9/1/58

Changes in specifications 1/Feb/58

Performance Characteristics, Operating Characteristics and adjustments,

Physical Characteristics, Special liodifications of Tubes, Solenoids 1/4/59

D,C, Connector Information 12/1/57

LYFE NO PaGES DATE T5SUED
HA1 1 LARCH 1964
HA1B 1 12/16/54
HA2 1 APRTIL 4964
EA2B ' 1 1/1/55

5 1 10/41/57
HA33 1 1/414/55

Eag. 1 APRTL 1961
s 1 1/12/55

HAS 2 5/1/58

HA6 1 6/15/58

HA7 2 9/4/58

HA8 1 OCTOBER 4959
HA9 1 3/15/58
HA40 2 6/15/58

HA 14 1 SEPTEMBER 1964
HA1 2 1 3/4/56

HA3 1 3/1/56

HAA L 1 3/1/58



TYPE NO
HA1 5
HA16
HA17
HA18
HA 9
HA20

HA2Y

%22

HA23
HA2)
HA 25
HA26
HA27
HAZ8
HA29
HA30
HA31
HA32
HA33
HA3Y
HA35
HA36
HA37
HA39

LDATE ISSUED

7/1/58
6/1/57
3/1/58
9/1/58
3/1/58
5/1/58

7/1/58
3/1/58

12/1/57

3/15/58
MARCH 1960

AUGUST 1960
AUGUST 15 1959
3/1/58
1/1/58
6/1/58
3/1/58
APRIL 1960
5/1/58
1/1/58
2/15/59
2/45/59
7/1/58

FEBRUARY 4961

3/15/58



ITYPE NO DAGES DATE ISSULED

HAL3 1 HARCH 1 96Q
HALY, 1 5/1/58

HALS 1 MARCH 1960

HA 46 1 LARCH 1960
HA 47 1 MAY 1960
HAL9 1 2/15/59

HAS 1 2/15/59

HA52 1 MARCH 4960
HA53 1 JANUARY 1964
HABY 1 AUGUST 4964
HAS8 1 LARCH 1960
HA60 1 AUGUST 1961
HAG4 1 SEPTEMBER 1964
HA62 1 SEPTEMEER 1 961
HA7 1 NOVEMBER 4 960
HA72 1 NOVEUBER 1960
HA73 1 JANUARY 4964
HA8Q 1 11/22/60

HA85 1 2/20/62

HA86 1 1/9/61

HA89 2 AUGUST 1961
PA 1 2/15/59

PA3 1 11/1/57

PAL 1 DECEMBER 4960



TYPE NO
PAS
PA6
PA7
PA3
PA9
PA10
DHA4
DHA2
DHA3
DA1
DA2
DA3
DAL
BAq

BA2

HM A

HO2

HO2B

HO2B Supplement
HO3

HO3A

HOLB

PAGES

DATE ISSUED

NOVEMEER 4 960
6/4/55
2/15/59

AFRIL 4960
NOVEMSER 4960
NOVEMBER 4 960
5/1/55

5/1/55

5/1/55
FEBRUARY 4960
FEBRUARY 1960
FEERUARY 4 960
6/4/57

6/1/57

6/1/57
FEERUARY 4960
FEERUARY 1964
7/1/55
FEERUARY 4901
3/4/55
8/22/55
FEBRUARY 1961
7/4/55
FEBRUARY 4961

7/15/55




TYPE NO
HO9
H10
H1
HM3
HM &
H 7
HO18
HOIq
HO20
HO21
HO22

PAGES

DATE IS SUED

APRIL 4960
2/15/58
2/15/58
2/15/58
FEZRUARY 4961
FEFRUARY 4964
FEBRUA RY 4964
APRIL 19060
MARCH 1960
MARCH 1960

APRIL 4960




PLEASE NOTE THE FOLLOWING CHANGES:

— p— ™ ———

A
TUBE TYPE DATE
~ CHANGE
HA =1 7-1-57 CAPSULE LENGTH .vvvvvcecancacncss 16 5/8 INCHES
HA =2 7—-1-587 CTRI
HEATER. CURRENT 565 ovt0einess o 1.0 AMP (MAX.)
CATHQDE CURRENT ...ccccn000m0000e 25.0 MA
HELIX CURRENT . taios-ssossocessis SOOEA (MAX.)
COLLECTOR CURRENT ....0cc000000 25.0 MA (MAX.)
IYPICAL OPERATION.
HELTX CURRENT i, -2y d ot abienss vie s 150 PA
HA=S 5-1-—-58 REATER CURRENT .. resisiiossesosss 1.3 AMPS (MAX,) "
HA=11 7-1-58 CAPSULE: LENGYH ., 'casassupeessess 18 1/8 INCHES
HA-14 3—-1-58 CAPSULE LENGTH ..cccectsssssasse 15 5/8 INCHES
CATHODE CURRENT...c000¢00000000e 1.5 MA (MAX.)
HA~15 7—-1-38 CAPSULE LENGTH ..\ vates insesessss 13.8 INCHES
HA-16 6—1-57 HELIX CHURRENT" (Wlecs cas orosnnsiopss 300 (MAX.)
ANODE VOLTAGE ... 0 TD S50 VOLTS
CAPSULE LENGTH ...s0s5¢00000080v4% 13 5/8 INCHES
HA-17 3-1-38 R.F, CONNECTORS fus s corinshsibessd TYPE N MALE
- CAPBULE LENGTH 4. 40 cetiesiss st 15 5/8 INCHES
HA-19 3-1-58 R.F, CONNEC TORBI i iso isos aghsnme oo TYPE N MALE
CAPSULE LENMGTH Lo ciovsinbitesssss 15 5/8 INCHES
* HA =20 5—-1-58 CAPSULE LENGTH L. 1. .ilar it idatas 15 1/8 INCHES
* HA =22 3-1-358 HELIX CURBENT i vuaicints e odib . ZOOgA (MAX,)
CAPSULE LENGTH. civss-nsiaobsssisss 16 5/8 INCHES
HA =23 12—1-58 HEATER VOLTAGE ... 4.5 TO 6.3 VOLTS
CAPSULE LENGTH ... 15 7/8 INCHES
CATHODE CURRENT .¢c0cvsecsonncecs 1.5 MA (MAX,)
* HA~24 3-1-38 CAPBULE LENGTH 5 i sl vitth <o smds 14.8 INCHES
e * HA —26 3-1-58 CAPSULE ILENGTH 1. v e cintint vass 14,8 INCHES
T
* HA -28 3-1-538 CAPSULE LENGITH .. ivovdoesonsniages 17 INCHES
HA =29 1—-1-38 CAPSULE LENGTH .:.sessssesonstsrspese 17 INCHES
NET WEIGHT ..ccctteetcencesassscnnne 3.6 POUNDS:
HA 30 6—1-58 CAPSLLE LENGTH,,. ... c000etvensine 1S 1/2 INCHES
HA-31 3—-1-38 HEATER CURRENT ..,.. 1.2 AMPS
CAPSULE LENGTH .. is.eceesdois ssod 15 1/2 INCHES
*HA-34 1-1-358 CAPRULE LENGTH v, <\ b s salsne v et 16 5/8 INCHES
HA--40 3—-15-38 COLLECTOR VOLTAGE, . s o 1.0 o o 05 300 TO 450 VOLTS
ANODE NO,1 VOLTAGE, s s s 0 v 00 4. 0 TO 10 VOLTS
HEATER VOL TAGE sy s o a8 236 » ssts 5.0 TO 6.3 VOLTS
CAPSULE, LENGTH TS o iah-s staieie oo 17 1/2 INCHES
HA -44 7-1-58 CAPSULE (L ENGITRIT s s esessibn ssay 15 7/8 INCHES
HO=1 2-15-58 CAPSULE: LENGTH .:¢.udsbonossches 15 1/8 INCHES P
HO-13 2-15-88 CARSULE LRNMGTN 5l ows coees s aaitss 13 5/8 INCHES
PA-3 11-1-57 CAPSULE LENGTH .iccssnsesssaonnsss 13 5/8 INCHES
PA -4 6—1-38 CAPSULE LENGTH sosessviisessenssess 14 3/4 INCHES
PA=6 6—1—58 CABBULECEEBNGTH o\ ivissee imessseesa 15 1/2 INCHES
BA -1 6—1-57 CARBULE LENGTH iviasdvesas vossasns 15 1/8 INCHES
BA-2 6—-1-57 CAPSULE L ENGTH . 5.5 . oo .iies adblois 13 5/8 INCHES
* ADDITION TO POWER SUPPLY REQUIREMENTS ARE —— GRID VOLTAGE, , «+«0 TO =50 VOLTS
—_— eO\ﬂs
)

manulocture
development
lﬂqlncﬁflﬂq
design

711 HAMILTON AVENUE,

HUGGINS LLABORATORIES, INC.
MENLO PARK, CALIFORNIA
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TO: All Purchasing Agenfs, Engineers

Your attention is called to certain changes in performaence
specifications in some of our products,

1. Beckward Wave Oscillators.

a, Standard units, effective the above date, will be specified
at 1 mw minimm output over the appropriate band assigned each tube
type. This is a change from the former 10 mw minimum output speci-
fication, We will in all cases, however, be able to supply tubes
meeting customer specifications, as we have done in the past, For
example, HO-1 tubes can be supplied to provide 10 mw minimum output
over the 2,0 to 4,0 Kme band, if required. Standard units will be A
specified at the 1,0 mw minimum level, however, Submit request for
guotation of price and delivery on units whose specifications differ
from those of our standard units.,

be. The standard X-band backward wave oscillator will be given
the HO~1k designation, This tube is specified to provide 1 mw min-
imum output over the 8,2 to 12, Kme band, The former HO-2 type
has been discontinued, but will be available for replacement purposes,
or for applications requiring a tube having specifications differing
from the HO-1lL for frequencies in the X-band region,

2. Low Noise Tubes,

A change in specification for small signal gain is effective
the above date, All tubes providing either 15 db or 10db maximum
noise figure over the appropriate band will provide 25 db minimum small
signal gain over that band, rather than the former 30 db, Again, tubes
meeting customer specifications which differ from the above can be
supplied as in the past,

 Change in specified minimum power output from 1 watt to 0,5 watt
(27 dom) over the 8,0 to 11.0 Kmc band, Winimum saturation gain is
27 dbm rather than 30 dbm,

l+- HA-1 Ll-o

Specified performance over the 1,0 to 2,0 Kmc band is 11 db maximum
noise figure, rather than 10 db. The lower noise figure can be provided,
in general, over any portion of the 1,0 to 1.8 Kmc band, Lower specified
bandwidth usually results in our being able to supply tubes having lower
noise figure, with 8 db being the best optimum value we have observed
at a given frequency,




HUGGINS
TRAVELING WAVE TUBES

EASY TO OPERATE ARMD ADJUST
HIGH PERFORMANCE

RELIABLE

RUGGED

PERFORMANCE CHARACTERISTICS
1. High Gain

Small Signsal Gain is a minimum of 30 to 35 db
depending on frequency range.

Saturation Gain for the med.um power tubes is at
least 30 db so that the tube can be driven to full
power output with a milliwatt signal generator.

2. Wide Bandwidth

Most tubes provide rated gain and power output
over 2:1 frequency range without readjustment of voltage
or current and have useful gain and power output over =
much wider frequency range.

3. Stability (Freedom from oscillations)

Spurious low level oscillations have been elimin-
ated. The tubes are stable under short circuit condi-
tlons. Total reflections of arbitrary phase can be
simultaneously comnnected to the input and output r.f.
cables without oscillation.

4. Low Regeneration

Perlodic fluctuations of gain as a function of
frequency due to regenerative feedback are held to a
minimum. Variations of less than plus or minus 1 db
can be esxpected into a matched load. Gain fluctuations
are not excessive with high VSWR loads.

5. Low VSWR

The VSWR measured with the tube not operating 1is
less than 1.7:1 for most tubes. Both the input and
output VSWR measured with the tube operating does not
differ appreciably from the cold VSWR except at one

or two isolated frequencies within the band.

A/ 1/ 1-14-55
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v 6. Holes

Holes 1in gain and power output as a function of
frequency are virtually eliminated.

7. Grid Control

All low power tubes have a grid electrode which
enables variation of gain and power output over wide
ranges with relatively small voltage variation. At
least 40 db reduction in gain is provided anywhere
within the operating band with 50 volts negative
applied to grid. If sufficient negative grid voltage
is applied so that the beam current is cut off, the
total reduction in output can be as great as 90 to
100 db.

8. Vibration Effects

When solenoid and tube are mounted on shock trays
such as used in aircraft equipment installations, the
effects on operating characteristics are not appreci-
able with 10 G's vibration at 60 cycles in all direc-
tions of vibration.

9. Long Life Characteristics
Minimum of 1000 hours for low power tubes.

Minimum of 500 hours for medium power tubes.

OPERATING CHARACTERISTICS AND ADJUSTMENTS:

1. A minimum number of voltages are required for
operation.

Low Power tubes require:

a. Heater Voltage Supply (6.3 - 7.0 volts A.C.)
b. Helix and Collector Voltage Supply (same voltage)
c. Anode Voltage Supply (anode draws practically no
current)
d. Grid Voltage Supply (optional since grid is at
cathode potential for full gain)

Medium Power tubes require:

a. Heater Voltage Supply (7.0 volts A.C. )

b. Helix Voltage Supply

c. Collector Voltage Supply (helix voltage plus
150 volts)

d. Anode Voltage Supply (anode draws no current)

2. Simple Adjustments to Set Tubes into Operation.

Tubes require no RF measurements or adjustments
which use a signal generator for setting into operation.

A/ 2/ 1-14-55
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Merely adjust tube position in magnetic field
for minimum helix current.

Apply hellx voltage given on data sheet with a
1l per cent accuracy meter.

Apply anode voltage for rated current.

. oSafety to Operating Personnel

There are no exposed coolers, leads, or terminals
which have voltage with respect to ground.

PHYSICAL CHARACTERISTICS

1. Rugged Capsulation

a.
b.

C.

d.

All metal capsule has tube rermanently locked
In place inside.

Tubes will easily withstand shock of normal
handling by unskilled or untrained personnel.
No breakage can result from handling of the
uncapsulated tube since tube is permanently
locked inside capsule.

All mechanical adjustments on tube are made
inside of capsule at the factory.

2. Capsule Size

Capsule size of the amplifier tubes is 1.0 inch
maxlimum diameter. This small size allows the tubes to
be operated in efficient, small dilameter solenoids.

3. Input and Output Cables

The

- 1A

tubes az

-

e provided with input and output leads

conglisting of flexible high-temperature 50 ohm coaxial

cable.
in most

Either BNC or Type N connectors can be provided

frequency ranges.

SPECIAL MODIFICATIONS OF TUBES

1. Power Lead Filters

Filters can be provided within the tube capsule to

prevent EF feedthrough into the tube on the D.C. voltage

leads.

Filters are necessary in high signal strength

areas to eliminate unwanted signals from entering the
amplifying channel. Filters are also necessary to

prevent

oscillations due to stray feedback when high

gain tubes are operated in tandem.

Filters provide at least 35 db of dissipative loss
in series with each lead going into capsule.

A/ 3/ 1-14-55



2. High Altitude Insulation

Tubes can be specially treated so that they will
operated to altitudes of 50,000 feet without corona
or arc-over problems.

3. Special Gain Characteristics

Tubes with speclal gain vs. frequency character-
i1stics can be provided.

Special tubes with very low regeneration character-
istics can be supplied.

4. Medium Power Tube, Grid Modification

The medium power tubes can be provided with control
grild electrodes at 2 to 3 db sacrifice in power output.
This grid operates positive with respect to the cathode
under normal operation and does not have the high control
action on gain and power output that is found in the low
power tubes.

SOLENOIDS

1. Compatible solenoids can be supplied for each tube
type. These solenoids are designed for minimum weight
and size consistent with good engineering practice and
operating temperature conditions.

2. Solenoid types are available for:

a. Alrcraft Voltage Ranges (24 - 28 volts D.C.)
b. Rectification from 110 volt A.C. line (90-100
volts D.C.)

c. Specilal Voltage Requirements
3. High Gauss, Air Cooled Solenoids

For tubes that require high magnetic fields and which
have collector power to dissipate, solenoids are avail-
able which provide air cooling for the collector as well
as for the solenold windings. This is accomplished with
one blower mounted on the solenoid which can be supplied
elther to operate on 24-28 volts D.C. or 110 volts A.C.

A/ b4/ 1-14/55
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D.C. CONNECTOR INFORMATION

THE INFORMATION BELOW GIVES THE ELECTRODE WHICH 1Is ASSOCIATED

THE CORRESPONDING PIN VARIODUS CONNECTORS WHICH WE ARE

ABLE TO SUPPLY WITH OUR AMPLIFIERS AND OSCILLATORS, THE COLOR CODING

INDICATED FOR THE LEADS IS STANDARD AND CANNOT BE CHANGED,

CONNECTOR| CONNECTOR COLOR CONNECTOR COLOR CONNECTOR CONNECTOR COLOR
TERMINAL M7 S OF LEAD Pmsl OF LEAD PM12 M9P OF LEAD
A [ GR (D4 YELLOW NO. CONN, ANODE NO, 2 YELLOW
B ANODE BROWN ANODE BROWN GRID ANODE NO, 3 BROWN
c COLLECTO GREEN | HELIX RED con_u-:c-rosg COLLECTORS GREEN
AND GROUND AND GRODUND
D HELIX RED HEATER- BLACK HEL 1% RED
{ CATHODE L
E HEATER-- BLUE OR | HEATER WHITE HEATER-" BLUE
CATHODE BlaRCK | CATHODE
v' i
— e 3 e s 0
I} i
F HEATER wHiTE Il coy FCTOR- GREEN HEATER - HEATER WHITE
| ROUNDS CATHODE
H
' 1 rglt — 4 Sl el L WNE A0
H CATHODE ORANGE i HEATER ANODE NO.1’ ORANGE
J ” CATHODE ANODE NO. 4 BLACK
i :
o CUNESNES S ;ﬁ, " '
K [i CATHODE PURPLE
|
| I ol
o 1
| 1
L ’| HELIX
N ” ANODE
|
i f
§
U SIEREIRIIREID . A'S ‘S TANDARD CONNECTOR ON BWO AND BWA TUBES AND SOME POW- ;
ER AMPLIFIERS, l
S SUIEBRILIED YA S IS TANDARD CONNECTOR ON PERMANENT MAGNET FOCUSED TUBES j
ATTACHED DIRECTLY TO CAPSULE,
3 SUPPLIED AS S TANDARD CONNECTOR ON MEDIUM NOISE AND LOW NOISE TUBES.
4 IN TUBES INTENDED FoOR PULSE USE WITH GROUNDED CATHODE, THE GRID
LEAD CAN BE SUPPLIED ON A FEMALE BNC CONNECTOR ATTACHED TO THE CAP-
SULE., NO CONNECTION TO THIS PIN IN NON-GRIDDED TUBES,
5 IN LOW AVERAGE POWER AMPLIFIERS, WHERE GROUNDED CATHODE OPERA —
TION IS DESIRED, THE COLLECTOR CAN BE SUPPLIED ON A SEPARATE WINCHES —
TER SMIP CONNECTOR ATTACHED DIRECTLY TO THE CAPSULE,

PAGE 1 / 12-1-57
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SOLENOID — FOCUSED, 10 MW S — BAND AMPLIFIER
ELECTRICAL CHARACTERISTICS
FREQUENCY RANGE. . . . & & &t 4 v v vt e et e e e e e e e e e e e e e e e e e e e e e 2.0 TO 4.0 KMC
SMALL=SIGNAL GAIN . . . v v v v v v v vt e e e e e e e e e e e e e e e e e e e e e e e e 30 DB MIN
SATURATION POWER OUTPUT. . v 4 ¢ & v v v o v 6 e e e v e e e e e e e e e e e e e e e e 10 DBM MIN
GAIN AT SATURATION | | e e e e e e e e e e e e e e s e e e 20 DB MIN
VSWR, INPUT AND OUTPUT . . . . . v v v v v v vt e et e e et e e e e e e e e e e e e e 2:1 MAX
OPERATING CHARACTERISTICS
ELEMENT VOLTAGE % REGULATION CURRENT
HELIX 400 TO 525 A% - 0.2 MA MAX §
COLLECTOR 400 _TO 525 v - 35 MA MAX
ANODE 0 TO 350 v — 0.1 MA MAX
CATHODE 0 v = 3.5 MA MAX
GRID 0 * b4 = 0.1 MA MAX
HEATER 6.3 \% - 1.0 AMP MA X
* A NEGATIVE VOLTAGE CAN BE APPLIED FOR R —F ATTENUATION
FOCUSING 5 & & 5 6 & & & & 3 & @ @ o 8 8 o # o o 0 o s o @ & o @ s o o o @ 0 s o « & o' SOLENOID, 300 GAUSS
MECHANICAL CHARACTERISTICS
TYPE N, MALE M7P-LSH 19
5o
o |
O =0
"
16 Yg i7" "
CAPSULE FINISH. . , o oo s ¢ s 6 s &m0 s 805 856 § § 8 6@ 858 5.5 6645 5 5 oo BLACK ANODIZED
END CAP FINISH - « « o s o v 4 6 o 6 6 o 6 o s o o vt e et e e e e e e e e e e e e e e BLACK ANODIZED
AUXILIARY COOLING REQUIRED =+ « + « « « o « s o o ot 6 o 6 v v vt o et e e e e e e e e e e e e NONE
NET WEIGHT =« + « & & ¢ o o o o o s o+ o o o o o 6 o o ot e e e e e e e e e e e e e e e e e e e e e e 1.0 LB

FWA /HA— 1/ MARCH, 1961



HA-1 HUGGINS LABORATORIES, INC.

TYPICAL OPERATING CHARACTERISTICS

50 20
=440 v VH=440v N
| Va7 195 Van= 195 v
Vg=0v £=3.0 kmc
40 [K=3.0ma S.S. GAIN |(db) i6
/' \ / —
= | P B \ i /
| SAT. GAIN I
0 o0: = 2 b o [0} l/ //—-
DB
or B B -lov
DB

M (dbm) / / /'\
-20v
20 e -0 / , o

e =3 \,\ / / 4
| - SAT Pg |(dbm) TN /
‘.
~. Ov -40v

-3
0 N —20 / Vi
/ /¥
(0] -30 / //
2.0 3.0 4.0 -70 -60 -50 -40 -30 -20 -0 O 10
FREQUENCY , kmc P, (dbm)

IN

GAIN AND POWER OUTPUT TRANSFER CHARACTERISTICS

+200 . e 45
+180 - —-—1A AN
0 | \\ Vg=0v
N Vyy=440v \ f=30kme
~ VAN=195v +00 A 40

N )
\ P|N=-30dbm /
\ N, \
-0 s - \ GAIN

\ N N \ an
N N, SE N
-20 \ . P E:f:,T — N (db)

W Ny )
~
RELATIVE \ °d ?.0 kmc (deg) -100 \\‘ 30
Po N LS \
(db) N Mg AN
-30 =
\ S -180 \
N R R P R R———— - =\
% -200 s 25
\| 3.0kme PHASE
—-40 N | | SHIFT
N
N
4.0 kme \\ 420 430 440 450 460
-50 l e VH(volts)
0o 10 20 30 40

GRID — CATHODE VOLTAGE (volts)

PHASE SHIFT AND GAIN vs
GRID CONTROL HELIX VOLTAGE (small signal)

FWA / HA — 1 / MARCH, 1961



HA-1B

HUGGINS LABORATORIES, INC.
711 Hamilton Avenue - Menlo Park, California
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LOW POWER - HIGH GAIN AMPLIFIER

GENERAL CHARACTERISTICS

ELECTRICAL

FREQUENCY RANGE 2.0 - 4.0 KMc/s
SMALL SIGNAL GAIN 30 db (Min.)
POWER OUTPUT 10 dbm (Min.)
GAIN AT MAXIMUM POWER OUTPUT 20 db (Min.)
NOISE FIGURE 20 db (Max.)

OPERATING

HELIX AND COLLECTOR VOLTAGE 450 Volts
CATHODE CURRENT 3.5 Ma (Max.)
ANODE VOLTAGE 250 - 400 Volts
ANODE CURRENT 50 pa (Max.)
GRID VOLTAGE 0 to =50 Volts
GRID CURRENT 20 pa (Max.)
HEATER VOLTAGE 6.3 Volts
HEATER CURRENT 0.7 Amps.
MAGNETIC FIELD 300 Gauss

MECHANICAL

RF CONNECTORS BNC Male UG-88C/U

DC CONNECTOR Octal or Winchester Plug
CAPSULE LENGTH 16 3/4 In. (M7P)
CAPSULE DIAMETER 1.0 In.

NET WEIGHT 1 1b.

SHIPPING WEIGHT 11 1bs.

HA-1BR / 1 / 12-16-54



HA-1B

PERFORMANCE

50'} 50
SMALL SIGNAL GAIN (DB)
N
40 4 &0 \\
EIRN VANODE = 300V
%)
A VHELIX = 455V
'\ - \“ \
o1, %
08 GAIN AT "MAXIMUM GAIN \ A
o POWER OUTPUT (DB) (0B) N\ Ve
DB M | - N N
20‘ / T ] \'o\\
MAXIMUM POWER OUTPUT (DBM) % \\
e &4
10
104 A
HELIX VOLTAGE » 430 VOLTS AN
CATHODE CURRENT = 3.0 MA. .
| 5 %,
0 v T — 0 -10 -20 -30 -40 -—-50
2.0 3.0 4.0
GRID-CATHODE VOLTAGE
FREQUENCY (KMc/ )
GAIN and POWER OUTPUT GRID CONTROL
| 1 I | 1 |
GAIN (DB) GAIN (DB) '
40- ~ 40- 40 i
GAIN (DB)
\ A
30- 304 304 i
sonuere |\ akse mm\ POWER OUTPUT
201 20 \ 20
POWER OUT POWER OUT POWER lOUT \\
(DBM) (DBM) TN (DBM) o, Vs
1 0 1 0 1 0 4
/ POWER INPUT
04 0 0+ //
-10 T T T T l -10 T T L T 1 -10 T T T T 1
-50-40 -30 -20 -10 -50 -40 =30 =20 -0 ~50 -40 -30 -20 -10
POWER IN (DBM) POWER IN (DBM) POWER IN (DBM)

DIMENSIONS

T‘—IO U2"t—ﬂ

| I—— | —

Note:

——————

INPUT

L———— 11 3/4 IN. >

J -

—— [

16 172 IN.

o

17 IN.

Other lead lengths or connectors may be specified.

SOLENOID

See Solenoid Section for appropriate unit and specifications.

HA-1B / 2 / 12-16-54
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SOLENOID — FOCUSED, 1 WATT S — BAND AMPLIFIER
ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE . 4 0 4 4 st o v o o o o 6 s o v o o o o o oo o o oo oo oo 2.0 TO 4.0 KMC
SMALL=SIGNAL GAIN. . & 0 0 ¢ e o v o o o o o o s 0 o o o oo o e oo nonseeennnneo. 30 DB MIN
SATURATION POWER OUTPUT 4 o v o e o s # @ 66 5 6 5665 5 5 655 66 0 o o omoemn o 30 DEM  MIN
GAIN AT 30 DBM POWER OUTPUT =« + & 4 4 v v v v vt vt e v et ot e e e e e e e e e e i 27 DB MIN
VSWR, INPUT AND OUTPUT . & ¢ 0 v v ¢ s o o o s 0 o 8 o o o o s 8 6 6o 6 v o oeeomenoens 2:1 MAX

OPERATING CHARACTERISTICS

ELEMENT VOLTAGE % REGULATION CURRENT
HELIX 800 TO 1100 V. i 0.3 MA MAX
COLLECTOR 800 TO 1100 V. —— 25.0 MA __MAX
ANODE 0 TO 450 vV —— 0.1 _MA MAX
CATHODE 0 v - 25.0 MA MAX
GRID ! 0 % - 0.1 MA MAX
HEATER 7.0 V - 1.2 AMP MAX
* A NEGATIVE VOLTAGE CAN BE APPLIED FOR R — F ATTENUATION,

FOCUSING: « ¢ o o © o o * o o o s o 6 s 6 o o s s s o s o s s o s o6 6 s 8 8 s 8 o s SOLENOID, 600 GAUSS

MECHANICAL CHARACTERISTICS

TYPE N, MALE M7P - LSH 19
" n "
149, N 17 |
CAPSULE FINISH w % % & 5 3 @ & @ /8 & 9 6 @0 @ 8 & 3 5 5 6 6 % © @0 @ 6 5 2 @ 0 6 o o o 6 @ & o o CHROME
END CAP FINISH . . 4 4 ¢ o v o o o « o s o o o s s s o s s o a s ¢ + o o s o s o s 8 s o s + s o o« CHROME
AUXILTARY COOLING REQUIRED! & ¢ o o o 6 % s v @ & € & ¢ & & & @ 6 6 a o o @ & % & @ SOLENOID BLOWER
NETWEIGHIT' ; s o s o m /s s o0 & M@ 's ¢ @ @ @ &8 ¢ & o/ & @ § & 8 6 & & 4 & & @ e o 8 s e & o s e s s 1.0 LB

1 FOR TUBE WITH GRID CONNECTED INTERNALLY TO CATHODE, ORDER HA —2J,

FWA /HA — 2 / APRIL, 1961



HA-2

HUGGINS LABORATORIES, INC.

TYPICAL OPERATING CHARACTERISTICS

50
| [S.S. GAIN | (db)
40 S~
~—]
_|SAT. GAIN |(db)
B ""'5"".\8" ._--_---.':-_:-:_ ...........
%5 SAT. Py [(dbm) Ty
DB
or
DBM B
20
V=820 v
r_ VAN=26°V
Vg=0
0 Ik=2Ima
0
2.0 3.0 4.0

FREQUENCY , kmc

GAIN AND POWER OUTPUT

0 &
. VH=820v
N~ VAN=260 v
NS PIN® SAT
-0 \ \"
\
\‘ .
\ N 20k
\ .
20 )
\ N,
RELATIVE \ N,
N
Fo \\ 3.0kme N,
(db) -30 \ +,
Y S,
4.0 \\ N
.Okme \
\
—-40 \\
\

\Y

\

\

\

-50
0 -30 -60 -90 -120 -I50 -180 —2I0 -240-270
GRID — CATHODE VOLTAGE (volts)

GRID CONTROL

/

\

e

o | |1/

. f=3.0 kmc / / //
/
/
/

NN\ \

7

& / / // ;}
. // ///// e
Ry /

-60 -50 -40 -30 -20 -lO (0] 10
PN (dbm)

TRANSFER CHARACTERISTICS

+200 \ P
+180L - ——- \ VAN =260V
= \ f=3.0 kmc
\ Vg =0v
+100 N 48

5 N
29"

\ PHASE
PHASE \ SHIFT GAIN
SHIFT — / \\ (db)
(degd 50 L 4

\

\

— \

B0 s e s e 5
-200 \‘ 4

800 810 820 830 840

PHASE SHIFT AND GAIN vs
HELIX VOLTAGE (small signal)
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HUGGINS LABORATORIES, INC.
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MEDIUM POWER AMPLIFIER

GENERAL CHARACTERISTICS

ELECTRICAL

FREQUENCY BRANGE . . . . . . . . . 2.0 = 4.0 KMc/s
SMALL SIGNAL GAIN . . . . . . . . 34 db (Min.)
POWER OUTPUT. . . . . 30 dbm (Min.)

GAIN AT MAXIMUM POWER OUTPUT . « 30 db (Min.)

OPERATING

HELIX VOLTAGE . . . . « « 950 Volts
COLLECTOR VOLTAGE (ApprOX ) . « « 1050 Volts
CATHODE CURRENT . . . . o v « 29 Ma.

ANODE VOLTAGE . + « . « « + . . . 400 Volts (Max.)
ANODE CURBENT . « « « « &« « « « » 50 ua (Max.)
HEATER VOLTAGE. . « +« « « « « « « 7.0 Volts
HEATER CURBRENT. . . + ¢« + « « . . 0.8 Amps.
MAGNETIC FIELD. . « . «. . « . . . 600 Gauss

MECHANICAL

RF CONNECTORS . « . « « « . . . . BNC Male UG-88C/U

DC CONNECTOR. . « « « « « « .+ « » Octal or Winchester Plug
CAPSULE LENGTH. + « + « « « « « . 14 3/4 In. (M7P)
CAPSULE DIAMETER. . . « « « . « « 1.0 In.

NET WEIGHT. . « + & &« « « « « « « 11/4 1Dbs.

SHIPPING WEIGHT . . « . « « . . . 11 1/4 1bs.

HA-2B / 1 / 1-1-55




HA-2B

PERFORMANCE

50 \k
@AIN(&B)
GAIN 40 X
POWEGRM%UATTPLTTAX (oB) \
and 30 MAX. POWER OUTPUT (DBM)
POWER OUTPUT . |
FIXED HELIX VOLTAGE
------ OPTIMIZED HELIX VOLTAGE
1o HELIX VOLTAGE = 950 V.
CATHODE CURRENT= 25 MA.
0 |
2.0 3.0 4.0
FREQ. (KMc/s)
2.0 KMeyss TIB.O KMc/s 4.0 KMc/s
GAIN
G ao [
TN Y 0 —X GAIN (DB)
bo) \\‘ =
/ 30
30 30 7 POWER OUTPUT

7

.

20 20 /
POWER OUT
(DBM)

20 /

L/

10 10
POWER OUT /
(DBM) )

POWER OUT
| (oBM)

0 0 (o] ; S

-30 20 -0 © -30 -20 -I0 O -30 -20 -10 0
POWER INPUT (pBM)

’4— 10 172 IN.ﬂ

DIMENSIONS

Vs

POWER INPUT

——

3
| ———
INPUT
1l 3/4 IN. >

Note:

SOLENOID

14 3/4 IN.

> 17 IN.

Other lead lengths or connectors may be specified.:‘

See Solenoid Section for appropriate unit and specifications.

HA-2B / 2 / 1-1-55



HUGGINS LABORATORIES

enqgineerin
9 9 MENLO PARK CALIFORNIA

dcqun 7]
research ¥
OQ
«
agor™

FORWARD WAVE C-BAND AMPLIFIER

S ONLY, AND HAS BEEN
-~ PP
ETWEEN THE Two TUBES IS
IN CAPSULE LENGTH, WHICH ARE:

TUBE TYPE CAPSULE LENGTH,

INCHES
HA -3 13 3/4
HA -26 14 3/4

PAGE | / 10-1-57
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HUGGINS LABORATORIES, INC.
711 Hamilton Avenue - Menlo Park, California
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LOW POWER - HIGH GAIN
TRAVELING-WAVE TUBE AMPLIFIER

GENERAL CHARACTERISTICS

ELECTRICAL

FREQUENCY RANGE . . . . . . . . . 4.0 - 8.0 KMc/s
SMALL SIGNAL GAIN . . « « « « « . 30 db (Min)
POWER OUTPUT. . . +« « « « o « o « 10 dbm (Min)

OPERATING

HELIX VOLTAGE . . . « « « 700 Volts
COLLECTOR VOLTAGE (ApprOX ) .« « « 700 Volts
CATHODE CURRENT . . . e « « o« 2.0 Ma.

ANODE VOLTAGE « =« « « « « « « . « 350 - 550 Volts
ANODE CURRENT . . . « ¢« « « « « « 50 ua

HEATER VOLTAGE. . . . . « « . . . 6.3 Volts
HEATER CURRENT. . . . . . « . . . 0.75 Amps.
MAGNETIC FIELD. . « « . « « « . o 300 Gauss

MECHANICAL

RF CONNECTORS + -« . . . . . . . . BNC Male UG-88C/U

DC CONNECTOR. . « « « « « « « « o Octal or Winchester Plug
CAPSULE LENGTH. «. « « « . . . . . 13 3/4 Inches (M7P)
CAPSULE DIAMETER. . . . . . . . . 1 Inch

NET WEIGHT. . . +« + « « « « « . . 1 1b.

SHIPPING WEIGHT . . . « . . . - . 13 1bs.

HA-3B / 1 / 1-14-55



HA-

50

40

30

20

INPUT
11 3/4 IN.

Note:

3B

PERFORMANCE

SMALL SIGNAL GAIN (db)

/GAIN AT MAXIMUM

/ POWER OUTPUT (db)\

|

~
N

/

MAXIMUM | POWER OUTPUT (dbm)
/_-

-\

HELIX

VOLTAGE

CATHODE CURRENT = 2.0 Ma.

|

= 720 V.

4 5
FREQUENCY

6
( KMc/s)

7 8

GAIN and POWER OUTPUT

20

GAIN

"6 KMC/S

>

/

N
\

POWER OUTPUT (dbm)

5
POWER
QUTPUT
0

\

-40

=30

-20 -10

POWER INPUT (dbm)

'4— 10 172 |N.~>1

I— —

- 50

—40

(9P ) NIVO

20

20 T T T ™
Pin held constant at value which
gives maximum Pout af
10 Vgrid = 0 _

£
2 0
- 4-6 KMc/s
5
z -0
5
3 7.6 KMc/s \
= =20
= \
(=]
a.

=30 N AN

N
-40
0 -10 -20 -30 -40 -50 -60
GRID - CATHODE VOLTAGE

GRID CONTROL

POWER OUTPUT

Vs

POWER INPUT

DIMENSIONS

I IN. DIA,

I

SOLENOID
See Solenoid Section for appropriate unit and specificatioms.

HA-3B / 2 / 8=-22-55

13 3/4

IN.

p=—1CTF

|

Other lead lengths or connectors may be specified.

Huggins Laboratorles, Inc.
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SOLENOID — FOCUSED,

HA—4

HUGGINS LABORATORIES, INC.

999 East Arques Avenue

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE

10 MW

- Sunnyvale, California

X — BAND AMPLIFIER

8.0 TO 12.4 KMC

30 DB MIN
10 DBEM MIN

20 DB MIN

VSWR, INPUT AND OUTPUT .+ « « + 4o o« ot o et e e e ettt e e e e e e e e e e e 2:1 MAX
OPERATING CHARACTERISTICS

ELEMENT VOLTAGE % REGULATION CURRENT
HELIX 1100 TO 1300V == 0.2 MA _ MAX
COLLECTOR 1100 TO 1300 V == 2.5 MA  MAX
ANODE 0 TO 450 Vv == 0.1 MA _ MAX
CATHODE 0 v —— 2.5 MA  MAX
GRID 0 * v - 0. MA  MAX
HEATER 6.3 OR 7.0 V == 1.2 _AMP __ MAX

* A NEGATIVE VOLTAGE CAN BE APPLIED FOR R —F ATTENUATION .

FOCUS ING

MECHANICAL CHARACTERISTICS

STYPE N, MALE
':":' .'.;:-

........................................

SOLENOID, 400 GAUSS

M7P—LSH19

< O

14.8 17 |
CAPSULE FINISH! , o v & « o mw & s w1 o m % o o % o0 0t w6 & o1 %1 00 @ 56 » » iso o i 58 & & w0 @® BLACK ANODIZED
END/CAP FINISH , o 5 i 5 oo o 0 @ s 5 # @ 8 % & s s @ (0 ® 6 6§ g 60/ % § 8 8 & & @ © s 8 o BLACK ANODIZED
AUXILIARY COOLING REQUIRED : s s s w /s s ' s o & & & & @ # @ (6 /6 & & @ & ® 6 & & o o 6 6 s o o @ i NONE
NET WEIGHT; ; o5 5 s 5 s 93 @ & § s S W@ ® § 8 6 R OB ¢ § 5 @& § § 98 M@ § § 8 9@ 8§ v & 98 1.0 LB

FWA / HA — 4 / APRIL, 1961



HA-4

HUGGINS LABORATORIES, INC.

TYPICAL OPERATING CHARACTERISTICS

50
VH=1130
Van=250
[ |[Vg=0v
ao| |1K72:Ima 5.5. GAIN | (db)
/ ol
30 T SAT. GAIN [(db) ., N
DB o e,
o ."-...
DBM B T
20
— e -7 [T S o
.- SAT. Py |(dbm) ~
0
0
8.0 10.0 12.0

FREQUENCY , kmc

GAIN AND POWER OUTPUT

//

N/ /
/.
)

0
VH=1130v
N VANT 250 v
* P|N='30 dbm
-20 .
‘\
N.
N
A
-40 Ny
N
\ c+=+T75 kmc
RELATIVE Q.
Po \ —=-9.7 kmc
= |1.0 kmc
(db) -60 N
N
-80
-100
(o] -20 -40 -60 -80

GRID — CATHODE VOLTAGE (volts)

GRID CONTROL

20

VH = |l130v
VAN= [250v
f=9.7 [kmc

/;7/ !
AV

=70 -60 -50 -40 -30 -20 -0 0 10
Py (dbm)

TRANSFER CHARACTERISTICS

NN )Y

+200 s 4l
+180 -4\ Van=250 v
N f=9.7
B \\ Vg =0
+100 N 39
\
Y
— \\
" GAIN 4 57

\
GAIN
- \\ (db)
N\
\
-100 N 35
N
\
— \§
S 1[0 R S (S P —— m—m=d
~200 N33
PHASE
SHIFT
110 1120 1130 1140 1150
Vg (volts)

PHASE SHIFT AND GAIN vs
HELIX VOLTAGE (small signal)
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HUGGINS LABORATORIES, INC.
711 Hamilton Avenue Menlo Park, California
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LOW POWER -
TRAVELING-WAVE AMPLIFIER TUBE

GENERAL

ELECTRICAL

FREQUENCY RANGE . .
SMALL SIGNAL GAIN .
SMALL SIGNAL GAIN .
POWER OUTPUT. . . . . .
VSWR (INPUT AND OUTPUT)

OPERATING

HELIX AND COLLECTOR VOLTAGE .

CATHODE CUBRRENT . . . . . .
ANODE VOLTAGE . .
ANODE CURRENT .

GRID VOLTAGE.

GRID CURRENT. .

HEATER VOLTAGE.

HEATER CURRENT.

MAGNETIC FIELD.

MECHANICAL

RF CONNECTORS .

DC CONNECTORS .

CAPSULE LENGTH. . . . . . .
CAPSULE DIAMETER. . . . . .
NET WEIGHT. . . . . s
SHIPPING WEIGHT .

* Supplied with mating receptacle.

HIGH GAIN

CHARACTERISTICS

7.0 - 14.0 KMc/s

30 db (Min) (7-12 KMc/s)

20 db (Min) (12-14 KMc/s)
7.5 dbm (Min) (7-12.4 KMc/s)
2:1 Maximum

1150 Volts
1.5 Ma.
600 - 800 Volts

: 50 ua. (Max)

0 to -50 Volts
20 ua. (Max)
7.0 Volts

0.7 Amps.

430 Gauss

. Type N Female
. Winchester Plug M7P¥*

13.8 Inches
1.0 Inch

1 1b.

11 1bs.

HA-4B / 1 / 1-12-55



HA-4B PERFORMANCE

40 T T T 30 T
SMALL SIGNAL GAIN (DB) = 700 V.
/— : RN : ::flbxe = ||gg z
/ %0 \‘\\
20 ] : \\ IR
GAIN AT D
/ MAX. POWER OUTPUT\ \ 10 R
(o) \ N
\ \ \\
20 GAIN ’l
(o) °© \.
\\ 7.0 KMC/S
/"\MAX POWER OUTPUT (DBM) 11.0 KMC/S x
-10 ‘\
10 \\ \
\
\\ = \‘\
HELIX VOLTAGE ° = 1150 VOLTS
CATHODE CURRENT = 1.5 MA.
o | 1 | |
7 8 E) 10 " 12 13 14 =30 —io 20 —30 “a0
FREQUENCY (KMC/S) GRID — CATHODE VOLTAGE
GAIN and POWER OUTPUT GRID CONTROL
GIAIN i 8
10 - 3
| —I TN
1.0
KMc/s /
5 - 20
/ \ POWER OUTPUT
POWER \&]
ouTPUT © - 10 GAIN
(DBM) tep) POWER INPUT
POWER
OUTPUT
-5 /, - 0

-40 -30 -20 -10 O
POWER INPUT (DBM)

DIMENSIONS

jj> : W =k

NOTE: Other lead lengths or connectors may be specified.

A A

A

SOLENOID

See Solenoid Section for appropriate unit and specifications.

HA-4B / 2 / 1-12-55



ELECTRICAL CHARACTERISTICS

manufacture
development
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TENTATIVE DATA

HA-5

HUGGINS LABORATORIES, INC.

711 Hamilton Avenue . Menlo Park, California

WIDEBAND TRAVELING WAVE TUBE AMPLIFIER

FREQUENCY RANGE

SMALL SIGNAL GAIN

Wwo W e e B @

POWER OUWUTPULUT

o P& e S E e & % e

& T AN e e e s e - Ne

b & ey s e le'e @

POWER SUPPLY REQUIREMENTS'

NHELIX VOLTAGE; 26 . »

COLLECTOR VOLTAGE

CATHOBE CURRENT, »

HELIX CURRENT,

ANODE VOLTAGEZ.

G LD VI TAGE o v 5 » oo vil
HEATER WVOL TAGE , . .
HEATER CURRENT ., .

MAGNETIC FIELD

28 2 8 6 6 0 e & 9. ®

LRI TR T TR i e

MECHANICAL CHARACTERISTICS

*SUPPLIED WITH MATING CONNECTOR

1

RF CONNECTORS,

L L Y

PC . CONNEGTOR &2 4 & o

CAPSULE LENGTH ¢ W s
CAPSULE DIAMETER .,

NET WEIGHT, .

o B s e s s & e e

ALL DC VOLTAGES MEASURED WITH

s

INSULATED AND THUS ANY ELECT

P OTRENTIAL ,

THE

FOR

ANODE VOLTAGE SUPPLY WUST

INITIAL FOCUSING PURPOSES,

e B W wws s ss

.

RESPECT TO CATHODE,

RODE CAN BE

COVER THE R

1,0 TE Z:0 KMC
30 DB (MIN., )

.10 DBM (MIN, )

180 TO 220 VOLTS

330 TO 370 vVvoOoLTS

3.5 MA (MAX,)

200 pAa (MAX,)
0. TOw150. VOLTS
0RO TS VoLTS
Bls 3 VYOLTS

05 AMPS

400 GA USS

TYPE N MALE

WINCHESTE FPLUG
M7MP

15 5/8 INCHES

1,0 INCH

e ® POUND

COLLECTOR
OPERATED AT GROUND
ANGE O0 TO

150 voL TS

HA-5 / PAGE 1 / 5—-1-58



HA-5

PERFORMANCE

= ¢ —~ = —r e 20 T T T T
sl Tk §i 5 %) { | Power Input held constant ot valve
40 ot N # SMALL SIGNAL GAIN (db) | g/ving moximem Ifanrlmlpﬂ' for
| | ~ ! i = Vyrid = 0
- , t i 1
30 F*J ] ‘» \ 1.0 KMc/s
GAIN AT MAXIMUM POWER OUTPUT (db)
=1 —— ———t - - -z \
! =
| ‘ a
‘ | =
80 et 5 RS
Bf & I A L v \\ - 2.0 KMc/s \\
MAXIMUM POWER OUTPUT (dbm ) — = ;
10 ‘*‘*'T'T 1 [ i } 5 <20 {2 o ) NG !
e o BELIX VOLTAGE 180 VOLTS | '
T 777 T CATHODE CURRENT 35 Ma. ‘ | ’
0 ‘ | | ‘ 30 [
| 1.2 14 16 1.8 20 0 -10 -20 -30 -40 -50
FREQUENCY (KMc/s ) GRID - CATHODE VOLTAGE
GAIN and POWER QUTPUT GRID CONTROL
it
GAIN
20 a0
e
S5 [ - 10
2 N 2 POWER OUTPUT
A" \ >
f .5 ;
10 —1 <} 20 _ e
° POWER OUTPUT -
[ 4 ~—
o PR R ) POWER INPUT
a
1.5 KMc/s
0 T 20
-40  -30 -20 -10 0
POWER INPUT (dbm)

DIMENSIONS

1" DIA,

l-‘——vo 1/2n —ﬂ

|
INPUT I
11 3/4v > 15 5/8n
NOTE) oTHerR LEAD LENBTHS ok CONNECTORS MAY BE SPECIFIED,

“OLENOID

SEE SOLENOID CHARTS FOR APPROPRIATE UNIT AND SPECIFICATIONS,

HA-5 / PAGE 2 / 5—-1-58



HUGGINS LABORATORIES, INC.

711 Hamilton Avenue - Menlo Park, California

development
an\nQQr[f‘q
design %)
research é"

"
LagoR™

TENTATIVE DATA

MEDIUM POWER C—BAND TRAVELING WAVE TUBE
AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY SANES BRN 5 vis gl oo lenelle Bleldl 0 O Al @ KMC

S A LEE SR A  LE A B = 0 b5 i 0 & 50510 DB (MIN, )

ARSI LAS o o T e R R S SO N e S O . DB M (MIN, )
(LOAD VvVsSWR <2:1) OPTIMIZED HELIX VOLTAGE

30 DBEM (MIN.)

BROADBAND. , . 4.5 TO 7.5 KMC
OR 4.0 TO 5.3 KMC
OR 5.3 TO 8.3 KMC

27 DBM (MIN.)

BROADBAND. , .4.0 TO B.0 KMC

S BN A BLMA XL MASM [Boav EiRliolu TP R S BH (M ILN.Y

POWER SUPPLY REQUIREMENTS!

HELIX AND COLLEECGTOR NOLETABE 4w + «1200 TO 1500 VOLTS
CATHODE CURRENT................15 M A

HE L I X cuRRENT..................0.5 MA (MAX, )
ANODE VOL.TAGEZ.............-.-o 700 VOLTS (MAX,)
ANODE CURRENT..................50 MA (MAX.,)
HEATER VOLTAGE..........-..-...7.0 VOLTS

HEATER CURRENT.................1,3 AMPS (MAX, )
MAGNETIC FIELD................. 1100 GAUSS

MECHANICAL CHARACTERISTICS

RIS G s oo 2o B o 25 2 o bie s a e AR TEBE N ML

pDc e £ g’ LT SRR P T e S L 1, S g S M7 p¥
CAPSULE NRRLRE R s o2 v fgd v es s rae bow U EE B8 A NG HEE

VA FOUL EEMESMEFER o5 vt s v Doaw Fon bt BECHR

PR, WS TR Sl el [« v o0 ¥ 0535 o bl » o2 sl RSB R D
el 1L g B S R R S

% SUPPLIED WITH MATING CONNECTOR,

1. ALL DC 'VOLTAGES MEASURED WITH RESPECT TO CATHODE. CoL —
TOR 1S GROUNDED TO CAPSULE AND MUST BE OPERATED AT GROUND
P OWENT 1A L.,

2. ANODE VOLTAGE RANGE FOR RATED BEAM CURRENT IS 250 TO 700
YOLTS , ANODE SUpPLY MUST BE ADJUSTABLE FROM ZERO VOLTS

FOR INITIAL FOCUSING PURPOSES,

HA-6 / PAGE 1 / 6-15—-58
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HA-7
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HUGGINS LABORATORIES, INC.

711 Hamilton Avenue - Menlo Park, California

o
«
Lago”™

TENTATIVE DATA

WIDEBAND TRAVELING—WAVE TUBE AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE

R U PR SSr R S 8 DR e TP T W R TR e
SMALL SIGNAL G NP, Sae i hinsy o w0 SR - SN B e DB ( MIN.)
POWEROUTPUT..........................IODBM(MIN.)

POWER SUPPLY REQUIREMENTS'

HEL X VAL TAGE . , , s &

S0l 00 b as e wile B ueisielie s mdene SONTT QN 26 FRES e

COLLECTOR VOLTAGE.....................140 TO 270 VOL'TS
CATHODE CURRENT.......,...............3.5 MA ( MAX.)
HELIX CURRENT.........................200 LA ( MAX.)
ANODE VOL_TAGEZ........................o TO 90 VoL'TsS
GRID VOLTAGE.................-....-...—5OTO+5VOLTS

- HEATERVOLTAGE........................6.3vox_Ts
HEATER CURRENT........................1.4 AMPS
MAGNETIC FlEL_D........................300 GAUSS

MECHANICAL CHARACTERISTICS -

RF CONNECTORS.........................TYPE N MALE

Dc CONNECTOR..........................WINCHESTER M7MP ¥

CAPSULE LENGTH, .,

e L LR R S I Ry A B e L W e e
CAPSULE DIAMETER.......-....-.........l 5/16 INCHES
NET WEIGHT............................2.0 POUNDS

* SUPPLIED WITH MATING CONNECTOR.
EUSA DL SDIC VOL TAGE S MEASURED WITH RESPECT TO CATHODE., COLLECTOR
s INSULATED AND THUS ANY ELECTRODE CAN BE OPERATED AT GROUND

P T BN TUA &Y

2. THE ANODE VOLTAGE SUPPLY MUST COVER THE RANGE o0 TO . MO " MOL T8
FOR INITIAL FOCUSING PURPOSES.

HA-7 / PAGE 1./ 9~1-58




HA-7

GAIN

and

POWER OUTPUT

5 T e i R na jras
, |
Y |
<10 ’“*”]r e
: r J s
: L
& s e LS
: o gl s
E POWER ouréur ' ]
3 A#,,,,__‘Jvu,,,l 10
75 KMc/s ;
' J
5 [ | ] 0
Z40 -30 -20 Y

-10
POWER INPUT (dbm)

40

SMALL SIGNAL GAIN (qp)

20— - f

GAIN AT

MAXIMUM POWER OUTPUT (4p)

MAXIMUM POWER ouTPUT (dbm)

—

=102 v
= 25 Mo

| !

HELIX VOLTAGE
CATHODE CURRENT

6 & 8
FREQUENCY ¢ KMc/s)

POWER OUTPUT
vs

POWER INPUT

DIMENSIONS

SOLENOID

MA .9

/ 1 5/16m DlA,

SEE SOLENOID CHARTS FOR APPROPRIATE UNIT AND GPECIFICATION'.

)

)
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REgent 6-9330

TENTATIVE DATA
SOLENOID FOCUSED,

HA—8

HUGGINS LABORATORIES, INC.

999 East Arques Avenue - Sunnyvale, California

TWX Sunnyvale, Calif. 116

MEDIUM POWER

UHF—BAND AMPLIFIER

ELECTRICAL CHARACTERISTICS
FREQUENCY RANGE
SMA L L

SIGNA! GAIN

POWER OUTPUT!

OPERATING CHARACTERISTICS

HELIX AND COLLECTOR VOLTAGE?
HELIX cuRRENT3
COLLECTOR CURRENT
ANODE VOLTAGEF* C'ﬁ‘é“—o
GRID VOLTAGE

CRID CURRENT

CATHODGL: CURRENT

4
HEATER VOLTAGE
HEATER CURRENT

MAGNETIC FIELD

MECHANICAL CHARACTERISTICS
R-F CONNECTORS .
D-C CONNECTOR"
CAPSULE LENGTH
CAPSULE DIAMETER

NET WEIGHT

WITH INPUT OF 1 MW
ALL VOLTAGES ARE
HELIX OVERLOAD PROTECTION OF 2 0 MaA
POWER SUPPLY SHOULD HAVE PROVISIOM
SUPPLIED WITH MATING CONNECTOR

ANODE CURRENT ' 5 MA (MAX )

LIVINGSTON LABORATORIES

RETCAR STREET - LONDON:-N-19
ARCHWAY 6251

®

MEASURED WITH RESPECT TO THE

05 TO 1.0 KMC
30 DB (MIN )

30 DBEM (MIN )
400 TO 500 VOLTS
1 MA (MAX )

50 MA (MAX )

- VoL TS
20 TO 60 VOLTS
45 MA (MAX.)

90 MA (MAX )

6 3 OR 7.0 VOLTS

ZiL’ﬂAMPS

820 GAUSS

WINCHESTER MI12P

17 1,8 INCHES
1 5/16 INCHES
1 1/2 POUNDS

IS REQUIRED

FOR

OCTOBER 1959

06 &9 B/U

LREG6

CATHODE

EITHER VOLTAGE



SALES & SERVICE IN THE UNITED KINGDOM:-

B. & K. LABORATORIES LTD.
4 TILNEY ST., PARK LANE, LONDON, W.1., ENGLAND.
TELEPHONE: GROSVENOR 4567



HA—9

HUGGINS LABORATORIES, INC.
711 Hamilton Avenue - Menlo Park, California

X maoncfacture
development
enqmeennq
design 2]
research NG
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LABOV}

TENTATIVE DATA

MEDIUM POWER—-GRID CONTROLLED TRAVELING
WAVE TUBE AMPLIFIER

RADIATOR 1.3/4" ©,D,; wi
OUTPUT NS”:AEﬁls:TER
Bl W ?
COLLECTOR CAPSULE 1,0" O.D.
LEAD \ * ]
INPUT
f*——«—— 14n ——— ’L—— 15 1/2n - POWER CABLE

LENGTH 19n

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE — — = = = = = - — = m o o — o e = — — #.0 TO 11,0 KIMC
POWER OUTPUT = = == = = = — — =~ -~ — e 27 DBM (MIN., )
GAIN AT MAXIMUM POWER OUTPUT ==~ —~ == —— 27 DB (MIN.)

POWER SUPPLY REQUIREMENTS

BRIt X A ND CPEL EC TORLVOIETAGE Tt B 2000 TO 2400 VOLTS
CATHODE CURRENT - = == — = — - e e e e e e e — 20 MA, (MAX,)
ANDODE MNOL TABE BRANGE D m i i i B S T 1000 TO 1800 VOLTS
ANODE CURRENT == - - s s s e et e m e — = — — 50 A ( MAX, )
GRID YVAO L TAKE EY ¢ i o a2 bty ' oo 2 i a0 Sl Salgle 0 TO -100 VOLTS
GRID CURRENT = —— = — - — — e e e e e e e e e — — 50 A ( MAX.)
HEATER VOLTAGE —-—-——= - - — = - — — — e — o — — — —~ 6,3 VOLTS

HEATER CURRENT — — = - — = - - e e e — 0,9 To 1.2 AMPS
MAGNETIC FIELD === — = = = = = — = — = — = — = — o — — 1000 GAUSS ( MIN,)

MECHANICAL CHARACTERISTICS

RF CONNECTORS ———— == = - = — = — e e = = — = — — = TYPE N MALE
DC CONNECTOR=—= - = - e e e e — = = = = — WINCHESTER PLUGH*
PM6P
CAPSULE LENGTH=— — = = - = = = m e — e e — — — 15 1/2 INCHES
CAPSULE DIAMETER = — o = e c i & s cliomivm on o= oo == ov oo 10 INCH
NET WEIGHT T = — e e e e e e e e e s e o o e o o 2 POUNDS
SHIPPING WEIGHT — == — = = — — — = — — — — — = — = — — — — 12 POUNDS
* SUPPLIED WITH MATING RECEPTACLE,
1 COLLECTOR AND HELIX, GRID, DR CATHODE MAY BE OPERATED AT
GROUND POTENTIAL,
2 ALL VOLTAGES ARE MEASURED WITH RESPECT TO CATHODE. ANODE
SUPPLY MUST STARTFROM ZERO VOLTSFOR INITIAL FOCUSING PUR~—
POSES,

HA-9 / PAGE 1 / 3—15-58



X manufacture
development
QnQ‘ﬂQQrInq
design
research

TENTATIVE DATA

HA—10

HUGGINS LABORATORIES, INC.

711 Hamilton Avenue -

Menlo Park, California

MEDIUM POWER HIGH GAIN TRAVELING WAVE

TUBE AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE,

POYWE Ry SVUTEPUIT m. »

GAIN AT MAXIMUM POWER OUTPUT,. .

SMALL SIGNAL GAIN,

D

POWER SUPPLY REQUIREMENTS!

HELIX AND COLLECTOR VOLTAGE
CATHODE CEURRENT, &

ANODE VOLTAGE RA

HELIX CURRENT. .
ANODE CURRENT,
HENTER VoL TAGE.,
HEATER CURRENT.

MAGNETIGC F I'ELD.

e e .

NGRS o o IR 20 e

MECHANICAL CHARACTERISTICS

RF CONNECTOR,

DE CONNEC TOR, ..
CAPSULE LENGTH,
CAPSULE DIAMETE

NETT "WEIGHE et &

*
f, ALL DC VOLTAGES
TOR

Bio T ENTH Aflrs

2.,

R

ITIAL FOCUSING PURPOSES,

IS GROUNDED TO CAPSULE

MEASURED WITH

AND

SUPPLIED WITH MATING CONNECTOR,

RESPEG'E

s Wae W u B B RO 12 , ARG

« s s 40+ 420 DBM (MIN,)
o o6 sgace 20 DB (MIN, )

e s 0o 00025 DB (MIN, )

v s % s 50 » e 2000 TO 2300 VOLTS

s o s o0 0 8 MA

(MAX,)

s » o0 TO 800 VOLTS

..

s es s e 0,5 MA (MAX,)

.« 50 pHA (MAX.)

8 VOLES

s v a.TF.

AMPS

(MAX,)
1000 GAUSS

TYPE N MALE

WINCHESTER PM6pP ¥

oo neen 13 /B5/8 ITNCHES

1,0 INCH

L )

1.0 POUND

TO CATHODE., COL -

MUST BE OPERATED AT GROUND

ANODE VOLTAGE SUPPLY MUST BE ADJUSTABLE

FROM ZERO FOR IN-

HA—-10 / PAGE 1 / 6—15-58




HA—10

|

GAIN AT MAX. POWER OUTPUT ( db)

"

|

I

—

MAX. POWER OUTPUT (dbm)

.

HELIX VOLTAGE

CATHODE CURRENT = 6.0 Ma.

R

= 2100 V.

10
FREQUENCY

3

I
( KMc/s )

HA—-10 / PAGE 2 / 6—-15-58

~ PERFORMANCE

&0 =
30 /_\

|
GAIN and POWER OUTPUT 20 ‘
10 :
|
T TR o
8 9

™\,
DIMENSION
/ 1 W DIN:
— Wy
; 4y
12 1,2n
14n 13 5/8n
NOTE: oTHER LEAD LENGTHS OR CONNECTORS MAY BE SPECIFIED,
SOLENOID
SEE SOLENOID CHART FOR APPROPRIATE UNIT AND SPECIFICATIONS.
7



CHARACTERISTICS HA—11

)
2 manufacture
development
enqineering

HUGGINS LABORATORIES, INC.

reséanch éﬁf’ 999 East Arques Avenue - Sunnyvale, California
©)

«
LaBo”>

SOLENOID — FOCUSED, MEDIUM — NOISE S — BAND AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE . . &« . ¢ ¢ ¢ o + = o o o o s = o & o & + 8 8 & o o o o o « o o v« o o« 2.0 TO 4.0 KMC
SMALL-SIGNAL GAIN . . . . . ¢ 4 + ¢ s 4 o o = « s o s s o s & s s & + + s s s s o s o s s o & 25 DB MIN
SATURATION POWER OUTPUT. . . & + « « s 4 v o ot s o o s o s o v s o s s e e e e e e e a0 s 0 DBM MIN
NOISE FIGURE . . & o «w « v 4 o @@ & s o © w0 o 5 s @ @ @ 5 8 o o o o % o o o @ & « & = o o o o & 15 DB MAX
VSWR, INPUT AND QUTPRPUT . o o « v o o o @ w o o 3 @ @ o 5 & o o © @ s & o @ ® @ & o @« o o w o & & 2:1 MAX

OPERATING CHARACTERISTICS

ELEMENT VOLTAGE % REGULATION CURRENT

HELIX 375 TO 475 V —— 0.03 MA MAX
COLLECTOR 375 TO 475 V - 2.0 MA MAX
ANODE 1 0 TO 50 v i 0.01 MA  MAX
ANODE 2 0 TO 30 Vv —— 0.01 MA MAX
ANODE 3 0 TO 150 V — 0.01 MA MAX
ANODE 4 0 TO -50 V —— 0.01 MA MAX
CATHODE 0 \4 === 2.0 MA MAX
HEA TER 5.0 TO 7.5 V - 1.1 AMP MAX

FOCUSING s 55 & § § 5 5 @ & & 6 5 © ® @ § ¢ 5 & 6 /% @, % ¢ @ @ ¢ o o SOLENOID, MPE TYPE AS — 10
MECHANICAL CHARACTERISTICS
TYPE N, MALE MOP-LSH 19

=
%FEE j Tk

@)

o]
OUT IN

CARPSULE FINISH. « & v ¢ 6 @ @ o & o s @ @ & & « & @& @ @ o & & @ @ @ § s @ @ @ 0 s & & @@ & @ BLACK ANODIZED
END CAP FINISH. « ¢ ¢ ¢ o o 0 o & o « o @ & s s o @ 6 & & & o o & @ s s o o @ o 5 s @ o = e BLACK ANODIZED
AUXILIARY COOLING REQUIRED . +. ¢ « « & ¢ 4« o o o « s s o o o s o s+ o & o« o« o« s « o = SOLENOID BELOWER

NET WEIGHT

1
A LOWER NOISE FIGURE CAN BE ACHIEVED BY OPTIMIZING THE TUBE FOR NARROWBAND OPERATION.

LNT / HA — 11 / SEPTEMBER, 1961



HA-11 HUGGINS LABORATORIES, INC.

TYPICAL OPERATING CHARACTERISTICS

I N\
/ \\ LN~ / \/

VAN]= 14v N ~ - VANI=I4V
S.S. VANS= 38V NOISE VANA=38
GAIN - VAN2=65v FIGURE N \7N2=65v
(db) vAN e (db) VAN3 3;
=36y -
20 ki 12 ANg o
Vc=390v Vc=390v
| VH=390v | ' VH=390v
Ik=l.4ma Ik=1.4ma
10 I
(o] 10
20 3.0 40 20 3.0 4.0
FREQUENCY , kmc FREQUENCY , kmc

SMALL-SIGNAL GAIN NOISE FIGURE

T I
VANI=I4V
25 Vanp=38V —
VAN3=65V
Vg =390v
20 VR= 390v ]
Ik =1.4ma
-~ < [30kme P|N=-20dbm
\-|__
T~o
15 <
\“‘
Po R
(dbm)
10
5
(o}
0 -20 -40 —60 —-80

ANODE 4 — CATHODE VOLTAGE (volts)

ANODE 4 CONTROL

LNT /HA — 11/
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. HA-12
HUGGINS LABORATORIES, INC.

711 Hamilton Avenue

Menlo Park, California

MEDIUM POWER

GRID CONTROLLED
TRAVELING-WAVE AMPLIFIER TUBE

GENERAL CHARACTERISTICS

ELECTRICAL

FREQUENCY RANGE . .
SMALL SIGNAL GAIN .,
POWER OUTPUT. . .

GATN AT MAXIMNUM POWER OUTPUT.

OPERATING

HELIX & COLLECTOR VOLTAGE .

CATHODE CURRENT .,

ANODE VOLTAGE .

ANODE CURRENT ,

GRID VOLTAGE. . s e o e
GRID CURRENT, . . . . .
HEATER VOLTAGE.

HEATER CURRENT.

MAGNET IC FIELD.

MECHANICAL

RF CONNECTORS . . « « o &
DC CONNECTOR, . . . . =
CAPSULE LENGTH. .
CAPSULE DIAMETER. .

NET WEIGHT. . . . .
SHIPPING WEIGHT . .

. 2.0 = 4,0 KMe/s
. 34 db (Min.)

. 30 dbm (Min.)

. 30 db (Min.)

. 950 Volts

. 35.0 Ma (Max.)

. LOO Volts (Max.)
. 50 va (Max.)

. 100 Volts (Max.)
. 12.5 Ma (Max.)

7.0 Volts

: 0.8 Amps.
. 600 Gauss

BNC Male UG-88C/U
Octal or Winchester Plug

. 14 3/4 Inches (M7P)
. 1.0 Inch

. 1 1/4 Pounds

. 11 1/4 Pounds

HA-12 / 1 / 3-1=56



HA-12

PERFORMANCE

50 | ‘
GAIN | |
SMALL SIGNAL GAIN (db)
74
POWER OUTPUT N\
30
MAXIMUM POWER OUTPUT (dbm)
HELIX VOLTAGE = 950 V.
CATHODE CURRENT = 35 Ma.
1 |
202 3 4
FREQUENCY (KMc/s)
30 —T 30 — 30 — T
2 KMc/s/ 3 KMc/s/ 4 KMc/s /
/ /
20 20 20 !
/ ] GRID
/
) / / CHARACTERISTICS
10 10 . 10
j POWER OUTPUT l POWER OUTPUT !POWEROUTPUT
(dbm) (dbm) (dbm)
0 / 0 I 0
0 +50 +100 0 +50 +100 0 + 50 +100

i

Note:

SOLENO

ot

L——————l3 5/8 In.

GRID-CATHODE VOLTAGE

DIMENSIONS

// | In. 0.D.

SOLENOID
END CAP

<)

FRd

=

! ‘

14 13/16 In

s

19 In.

Other lead lengths or connectors may be specified.

I D

See solenold charts for appropriate unit and specifications.

HA-12 / 2

/ 3=1-56
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HUGGINS LABORATORIES, INC.
711 Hamilton Avenue - Menlo Park, California
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LABOR™

MEDIUM POWER - GRID CONTROLLED
TRAVELING-WAVE AMPLIFIER TUBE

GENERAL CHARACTERISTICS

ELECTRICAL

FREQUENCY RANGE . . 8.2 - 12.4 KMo/s

POWER OUTPUT (CW) . . . . . . . . 20 dbm (Min.)
POWER OUTPUT (PULSED) . . . . 30 dbm (Min.)
GAIN AT MAXIMUM POWER OUTPUT. . . 20 db (Min.)

OPERATING
HELIX & COLLECTOR VOLTAGE . . . . 2100 Volts

CATHODE CURRENT (CW). . « . . . . 13 Ma., (Max.)

ANODE VOLTAGE RANGE .
ANODE CURRENT . .
GRID VOLTAGE (CW) .
GRID VOLTAGE (PULSED)

. 150 -« 800 Volts
. 50 ua. (Max.)

. 75 Volts (Max.)
. 100 Volts (Max.)

GRID CURRENT. . . 5 Ma. (Max.)
HEATER VOLTAGE. . 7.0 Volts
HEATER CURRENT. . 0.8 Amps.
MAGNETIC/ FIELD. . 1000 Gauss

MECHANICAL

RF CONNECTORS .
DC CONNECTOR. .

. Type N Female
. Winchester Plug PM6P#

CAPSULE LENATH. . . 13.6 Inches
CAPSULE DIAMETER. . 1.0 Inch
NET WEIGHT. . . . . 1 Pound
SHIPPING WEIGHT . . 11 Pounds

#Supplied with mating receptacle.

HA-13 / 1 / 3-1-56
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PERFORMANCE

40
PULSED POWER OUTPUT (dbm)
30 T
PULSED and CW
C.W. POWER OUTPUT (dbm)
POWER OUTPUT -
10
8 9 10 1 12

FREQUENCY (KMc/s)

DIMENSIONS

CAPSULE | In. 0.D.

14 In. 13.6 In. 19 In

NOTE: Other lead lengths or connectors may be specified.
SOLENOID

See Solenoid Section for appropriate unit and specifications.

HA-13 / 2 / 3-1-56 Huggins Laboratories, Inc.
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TENTATIVE DATA

LOW NOISE L—-BAND TRAVELING WAVE TUBE
AMPLIFIER :

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE = - - e e e e e e e e = = 1,70 1o Z.0  KME
SMALL SIGNAL GAIN~ - e e e = — 25 DB ( MIN,)
NQISE FLEURE m = — /= oith — = 5% = = = 8 im0 o o) 11 BB ( MAX.)

POWER SUPPLY REQUIREMENTS

HELIX AND COLLECTOR VOLTAGE' —mom—x 165 TO 190 VOLTS
CATHODE CGURRENT - e e e e = 0,65 TO 0,80 MA
HELIX CURRENT == = e e e ~——==—====< 10 pA

AN OIDIE b B DL, Tl GE = o sl s oo oo i o . e -—=—=0 TO 20 VOLTS
ANODE NO,2 VOLTAGE-———c—e-—ccm=c—-- == 0 TO . 20 VOLTS
ANODE NO, 3 VOLTAGE=—-——-=co—ce—= ~=—=0 TO 100 VOLTS
ANODE NO, 4 VOLTAGE=— ==~ === it DG - TO- =10 VOLTS
HES TER VO TRGEE = — S o = oo = i == A%S'TO 6.8 VOETS
HEATER CURREN T = — ek e s — wn — o o msimiiom o e .45 TO 0,7 AMPS
MAGNETIC FIELD= —c—mm=a— = i ~————1000 GAUSS

MECHANICAL CHARACTERISTICS

RF CONNECTOR == = = == e e m o e e e e e e e = TYPE N MALE

DC CONNECTOR== == == - = o — o — — o — WINCHESTER Map¥
CAPSULE LENGTH=— ===« — = = = == = — 15 1 /2/>INCHES
CAPSULE DIAMETER———— —c = e e e = = = 1.0 INCH

NET WEIGHT — = - = - m e e e e e — e e — e e = — = 1.0 POUND

¥ SUPPLIED WITH MATING CONNECTOR.,
1 ALL DC VOLTAGES MEASURED WITH RESPECTFTO CATHODES, CoL-—

LECTOR IS INSULATED AND THUS ANY ELECTRODE MAY BE OPERATED
AT GROUND POTENTIAL,

2 ALL ANODE VOLTAGES SHOULD BE ADJUSTABLE FROM ZERO FOR IN-~-

ITLAL FOCUSING PURPOSES,

HA—14 / PAGE 1 / 3—1-58
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MEDIUM NOISE X-BAND AMPLIFIER

THIS AMPLIFIER IS FURNISHED FOR REPLACEMENT PURPOSES ONLY, AND HAS BEEN

SUPERSEDED BY THE HA —44, THE DIFFERENCES BETWEEN THE TWO TUBES ARE:

1. caAPSULE LENGTH

TUBE TYPE CAPSULE LENGTH, INCHES
HA-15 13 3/4
“HA—44 14 374

2. NECESSITY OF CONTINUOUSLY VARIABLE HEATER VOLTAGE AND POS —
ITIVE COLLECTOR OPERATION ( WITH RESPECT TO THE HELIX ) ON

THE HA-44, ( SEE HA—44 DATA SHEET, )

3. DIFFERENCES IN REQUIRED SOLENOID TYPE:

TUBE TYPE MPE SOLENOID TYPE
HA~15 BS-4B, BS —~4C
HA —44 BS-—138, BS—13C

PAGE | / 7—-1-58
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TENTATIVE DATA

SPECIAL PURPOSE TRAVELING WAVE TUBE AMPLIFIER
S—BAND TO X—BAND FREQUENCY MULTIPLIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE == = = ot e e e e 1.8 KMC IN, 9.0 KMC OUT
CONVERSION GAIN - - e e e e e -MINUS 10 DB - 0 DB
X=—BAND POWER OUTPUT —= = = = = = = = 3 - 10 DBM

OPERATING CHARACTERISTICS

HELIX AND COLLECTOR VOLTAGE! —-900 - 1100 VvVOLT
CATHODE CURRENT — - - e e e e e e = — 25 MA

HELIX CURRENT =i =5 = o o == e oo 100 UA

ANODE VOLTAGE ——— == = —m e e e e — = — — 400 = 550 VOLT
HEATER VOLTAGE — == - - s e e e e e -7.0 VOLT
HEATER CURRENT—— == = - — = e - — —0.9 AMP
MAGNETIC FIELD = 0 e e e e e e e e = 600 GAUSS

MECHANICAL CHARACTERISTICS

RF CONNECTOR === e — TYPE N MALE

DC CONNECTOR == - = - o e e e e e e e e WINCHESTER M7P
CAPSULE LENGTH —— = — = - e e e e e = 14-3/4 INCHES
CAPSULE DIAMETER — — = = = e e e m 1.0 INCH

NET WEIGHT —— - e e e e e e e = o 1.0 POUND

PRICE $ss0.00

DELIVERY 6 To 8 wWEEKS

'ALL DC VOLTAGES MEASURED WITH RESPECT TO CATHODE, cCoL -
LECTOR IS GROUNDED TO CAPSULE AND MUST OPERATE AT GROUND

POTENTIAL .

HA—16 /1/ 6-1-57
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HUGGINS LABORATORIES, INC.
711 Hamilton Avenue . Menlo Park, California.
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TENTATIVE DATA

MEDIUM NOISE L—BAND TRAVELING WAVE TUBE
AMPLIFIER

ELECTRICAL CHARACTERISTICS

FERE'QUENG'Y @ANGEI= - ~ S i Sam b s 8 .l Tl 2, SaMIC
S MML'L S8 E NA):  GAENS =l =l T T R 25 DB (MIN, )
POIWER TGO BN — o S e S S = B B0 e S DBM (MIN, )
OB, B (iGN BIE et e i e = o e N B DR D 18 DB, FMAX. )

POWER SUPPLY REQUIREMENTS

HELIX AND COLLECTOR DL T AGHE, Tt = e 170 TO 200 VOLTS
CATFHOBE GURRENT = S8 oL L s s 1.5 MA (MAX, )
AN OB G0 IV O T T S G e T 0 TO 20 voLTS
ANODE MO, 2 VOLTAGE == = ca="c e g aeow 0 TS 20 VOLTS
ANODE NOSINOLEFAGE = ~ o === ol o o o o 0 TO 100 VOLTS
AN O DVE. N O RBTETE B e s b e e e e 0 TO —-10 VvOLTS
AN ODE  CLURRBENT == S e oo Job o e ————— LESS THAN 5 pA
HEA TER WOLNMNCGE ~ & =2 o wls el sfe wna el Sy O TR0 U8 ISl BS
HEAMATER CURBENT == S« ot e i — o 2 gt w5 TO 0, 7 AMPS
MAIG POES TS, PRI B e e = e cm L L e T L 1000 GAUS S

MECHANICAL CHARACTERISTICS

R (GO NINE C iR ot e e, o Sl R TYPE N FEMALE/
DC ICONNECTOR == == ==« TR e o ke s B e WINCHESTER Mop¥
CAPSOIL B SLENG P illaw ok L i . e o o e 15 $72° INCHES

«+ 0 INCH

x SUPPLIED WITH MATING RECEPTACLE

AL L DC VOLTAGES MEASURED WITH RESPECT TO CATHODE. cCoL —
LECTOR IS INSULATED AND THUS ANY ELECTRODE MAY BE OPERATED
AT GROUND POTENTIAL.

2 ALL ANODE VOLTAGES SHOU LD BE ADJUSTABLE FROM ZERO FOR IN-—

ITIAL FOCUSING PURPOSES.,

HA-17 / PAGE 1 / 3—1-58
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TENTATIVE DATA

MEDIUM POWER C—BAND TRAVELING—WAVE TUBE
AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE................ 1.0 TO 2.0 KMC

SMALL SIGNAL GAINIGES o o' ais o ol s o o C5a Hte ( MIN,)

POWER -OUT BUT. . . %% A e s tels Wi iEie ety o - 30HIDEM (MIN )

( LOAD VSWR <2:;1 OPTIMIZED HELIX VOLTAGE
27 DBM (MIN,)
BROADBAND..1.0 TO 2.0 KMC

GAIN AT MAXIMUM POWER QUTPUT, . « 27 DB ( MIN,)

POWER SUPPLY REQUIREMENTS!

HELIx..........................550 TO 700 voLTS
COLRECTOR MEOGE [ AIGEE L - S e 22 e s " s s G TO 800 VvOLTS
CATHODE € UBIBE N ToEs il a5 e e L e TO 50 MA
HELIXCURRENT..................3MA(MAX.)

ANODE VOLTAGEZ.................SN VOLTS (MAX,)

ANODE CURRENT..................| MA (MAX, )
HEATER VOL.TAGE.................7.0 VOoOLTS

HEATER CURRENT...,.............l.3 AMPS (MAX,)

MAGNETIC FIELD.....-........... 820 GAuUSsSs

MECHANICAL CHARACTERISTICS

RE CIRUNC ROV, o vl sl 5nd o R 3 VE o LR FEMALE
B CONEC TR bl Sertiiie, WL LOE B WINCHESTER M71p ¥
CAPSULE LENGTH.................171/8lNCHES

SRR SIAE DUASNESTE R T, T, s s T 5/16 INCHES
NETWEIGHT.....................|I/ZPOUNDS

PEUL RN GIe WE MG o it o Bl i e POUNDS

*SUPPLIED WITH MATING CONNECTOR,

1. ALL DC VOLTAGES MEASURED WITH RESPECT TO CATHODE. cCoL-
TOR IS GROUNDED TO CAPSULE AND MUST BE OPERATED AT GROUND
.POTENTlAL.

2. ANODE VOLTAGE RANGE FOR RATED BEAM CURRENT IS 100 TO 500
MOL TS . ANODE SUPPLY MUST BE ADJUSTABLE FROM. ZERO VOLTS
FOR INITIAL FOCUSING PURPOSES,

HA—18

HA <18 / PACE 1 /7 O 1 ma




HA—19

HUGGINS LABORATORIES, INC.
711 Hamilton Avenue - Menlo Park, California

monufacture
development
enqineering
design )
esearch é"

o
«
Lapo”™

TENTATIVE DATA

MEDIUM NOISE L—-BAND TRAVELING WAVE TUBE
AMPLIFIER

ELECTRICAL CHARACTERISTICS

FREQUENCY RANGE——-—=—— — _— e e - — - — 1.6 TO 2,6 KMC

SMALL SIGNAL GA M=~ SRR, s 25 DB (MIN, )
REWE RO U TP T &0 sk = s o2 - = e = Sh R SEL DR MO Tl
NOGITSE FlEGURE - —cfec o~ wn ~ma-Se see . 18 DB (IMAX )

POWER SUPPLY REQUIREMENTS

HMELIX AND COLLEGCTOR VOL.'TAGE‘ —————— 170 1O 200, VOLLTFS
CATHODE CURRENT — — = — = = = = = — = e e 1.5 MA

HELIX CURRENT - = = = = = - e e e e = 20 }_LA

ANODE NO: 1 VOLTAGEZ —————————— ~==== 0 TO 20 VYVOLTS
ANODE NO, 2 VOLTAGE —~—— =~~~ — = = — e — o — 0 TO 20 N¥OLTS
ANODE NO,3 VOLTAGE =——=—— = - — = — === — —-—=0 TO 100 VOLTS
ANODE NO,4 VOLTAGE = — = = =« — 0 — e — et o — 9 TO 10 VOLTS
HERNEE R "VNOL T Al E < = oo i o o - —— 5,0 TO 6,3 VOLTS
HEATER CURRENT === — s — et e e e e e e - ,%5 TO .65 AMPS
MAGNETIC FIELD == ==« e e s e e e e e e = 1000 GAUSS

-MECHANICAL CHARACTERISTICS

RF CONNECTOR —~ -~ e m e e e e e e e e e e -=~TYPE N FEMALE
DC CONNECTOR——=— ==~ e —— WINCHESTER Mop*
CAPSULE LENGTH=—-—m e e e e e e e e e e e 15 72 INCHES
CAPSULE DIAMETER === o me e — e ——— 1.0 INCH
NET WEIGHT == == = — = — — 0 — e s em = ———— 1.0 POUND

¥ SUPPLIED WITH MATING RECGEPTACILE,

1 ALL DC VOLTAGES MEASURED WITH RESPECT TO CATHODE. COL -

LECTOR IS INSULATED AND THUS ANY ELECTRODE MAY BE OPERATED
AT GROUND POTENTIAL,
2 ALL ANODE VOLTAGES SHOULD BE ADJUSTABLE FROM ZERO FOR IN-

ITIAL FOCUSING PURPOSES

HA-19 / PAGE | / 3—-1-58
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PERMANENT MAGNET FOCUSED HIGH GAIN
TRAVELING WAVE TUBE AMPLIFIER
TYPE N Mi2P
FEMALE

o K I

15 1/8mn
5/8" p@—— —-.11/2'
ELECTRICAL CHARACTERISTICS
FREQUENCY RANGE m = = v m o me e o -—- == 8.0 TO 11.0 KMe
SMALL SIGNAL GAIN—-= - —— - - - - _ . 30 pB (MIN,)
BOWER. OU TRUT = e o o s am o o o 5 wie e o 10 pBM (MIN, )
POWER SUPPLY REQUIREMENTS
HELBEXFAND COWLILLES TR VALTAGE -t 1200 TO 1300 VOLTS
CATHDDE CURRENT = = = = = =t = i o ol o i g 2°= 3 B WX
HELIX CURRENT == =« - e cs e e e o = = = 0,2—-0,5 MA
RS REOIE e VI B MG * e s el Sl 0 TO 450 VOLTS

———————————————————— 50 pa (MAX,)
FOEA STRERE Ui T aerpbatt . k. L sl ST 6., 3.0R 7.0.-voLTS?

0,.% TO 1,2 AMPS

MECHANICAL CHARACTERISTICS

RF e SN G Tl R Sl = e ot o i A e, oo o emeiiie TYPE N FEMALE ON
CAPSULE

DC CONNECTOR=— — - == —— — — — — — — — .~ — . — WINCHESTER MI12P
CAPSULE LENGTH- - - - ¢ — o o e e e e e == - 1S 1 /8 INCHES
CAPSULE DIAMETER - - = = = = = = = — — — —— — 2,0 INCHES

NET WEIGHT - - = — - = - = = — — e — e e e e e e — =~ 3,6 POUNDS

1 ALL DC VOLTAGES MEASURED WITH RESPECT TO CATHODE,

2 THE ANODE VOLTAGE SUPPLY MUST COVER THE RANGE 0-450 VOLTS
F O PREVENT POSSIBLE TUBE DAMAGE WHEN INITIALLY APPLYING

VOLTAGES.,

3 PROVISION SHOULD BE MADE TO ALLOW FOR EITHER 6.3 OR 7.0

VOLT OPERATION TO OBTAIN OPTIMUM LIFE PERFORMANCE FROM THE
TS E .

HA-20/ PAGE 1 / 5—1-58




