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This booklet will familia rize the operator 
with basic principles of klystron operation, 
the need for care during tube installation, proper 
operating methods, and some suggestions for 
solving problems which may occur with a kly
stron in a system. 

INTRODUCTION 
At UHF-TV frequencies, suitable modulation 

of an electron stream in a conventional vacuum 
tube is very difficult to achieve. In a triode, for 
example, as an electron stream travels from the 
cathode to the plate, it is modified by the voltage 
on the grid. At microwave frequencies, the 
voltage on the grid oscillates so rapidly that it 
may complete several oscillations during the 
time an electron travels across the tube . This 
decreases efficiency and output power and 
causes excessive back-heating of the cathode by 
electrons from the grid region. Although this 
effect can be partially overcome by using closer 
interelectrode spacings and operating the triode 
at reduced heater voltage and increased plate 
voltage , it is difficult for any g rid operating at 
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microwave frequencies to have enough control 
over the electron stream to modulate it 
efficiently. 

To solve this problem, engineers for many 
years have been evaluating various methods of 
modulation at microwave frequencies. One 
method commonly used today is modulation of 
the VELOCITY of an electron stream. It elimi
nates the problem of electron transit time as 
well as the need for close electrode spacings. 
Some of the microwave devices which use 
velocity modulation include klystrons, traveling
wave tubes, backward-wave oscillators, and 
magnetrons. 

.This booklet only discusses integral-cavity 
UHF-TV klystron amplifiers, which represent 
only a small portion of all of the total klystrons 
now in use. However, much of the theory pre
sented is general and can be applied to other 
linear-beam devices. 

Terminology used in the klystron photos on 
the following page will be helpful in the dis
cussion of klystron operation which follows. 
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THEORY OF OPERATION 
The klystron is a device for amplifying signals 

at microwave radio frequencies. The high
velocity electron beam emitted from the cathode 
passes through the anode and into the rf inter
action region, as shown in Figure 1 , An 
external magnetic field is employed to pre
vent the beam from spreading as it passes 
through the tube. At the other end of the tube, 
the electron beam impinges on the collector 
electrode, which dissipates the beam energy 
and returns the electron current to the beam 
power supply. 

The rf interaction region, where the amplifi
cation occurs, contains resonant cavities and 
field-free drift spaces. The first resonant cavity 
encountered by an electron in the beam (the input 
cavity) is excited by the microwave signal to be 
amplified, and an alternating voltage of signal 
frequency is developed across the gap. 

To see how this happens, an analogy can be 
made between a resonant cavity and a conven
tional parallel resonant LC circuit (Figure 2). 
The cavity gap corresponds to the capacitor, and 
the volume of the cavity to the inductor. [f the 
cavity is just the right size, it will resonate at 
the desired microwave frequency. At reso-

RF INPUT 
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(-) (+) Q + 
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+ 
(-) l+l • GAP 

Figure 2 

Typical cavity and equivalent circuit . 

nance, opposite sides of the gap become alter
nately positive and negative at a frequency equal 
to the microwave input signal frequency. 

An electron passing through the gap when the 
voltage across the gap is zero continues with 
unchanged veloc ity along the drift tube toward 
the nexi. cavity gap; th is electron can be called 
the reference electron . An electron passing 
through the same gap slightly later in time is 
accelerated by the positive field at the gap. 
This electron speeds up and tends to overtake 
the reference electron ahead of it in the drift 
tube. However, an electron which passes 
through the gap slightly before the reference 
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INPUT 
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Figure 1 

Pt"incipal elements of a klystron. 
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Figure 3 

Schematic of a klystron. 

electron encounte1·s a negative field and is 
slowed down. This electron tends to fall back 
toward the following r.eference electron. Thus, 
as a result of passing the alternating field of 
the input-cavity gap, the electrons gradually 
bunch together as they travel down the drift 
tube (Figure 3). 

Since electrons approach the input-cavity gap 
with equal velocities and emerge with different 
velocities, which are a function of the micro
wave signal, the electron beam is said to be 
velocity modulated. As the electrons travel 
down the drift tube, bunching develops, and thus 
the density of electrons passing a given point 
varies cyclically with time . 

In all of the following cavities, the modulation 
component of the beam current induces current 
in each cavity. Since each cavity is tuned near 
resonance, the resulting increase in field at 
each gap produces successively more well
defined electron bunches and thus amplification 
of the input signal . 

The rf energy produced by this interaction 
with the beam is extracted from the beam and 
fed into a coaxial or waveguide transmission 
line by means of a coupling loop in the output 
cavity . The d-c beam input power not converted 
to rf energy is dissipated in the collector . 
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EMISSION 
The electron gun section of a klystron, shown 

in Figure 4, consists of a heater, an emitter, a 
beam-forming focusing electrode, and a modu
lating anode. When the emitter temperature is 
raised to the proper value by the heater, elec
trons are released from the emitter surface. 
The electrons are accelerated toward the modu
lating anode, which is at a positive potential with 
respect to the emitter. As the e lectrons travel 
between the emitter and the modulating anode, 
they are formed into a beam by the lens action 
of the focusing electrode and modulating anode . 
Figure 5 shows how this lens is formed. 

Cathode Operating 
Temperature 

All cathodes have optimum ranges of operat
ing temperature. The operating temperature of 
the cathode must be high enough to prevent 
variations in the heate{ power from affecting the 
electron emission current (beam current) in the 
klystron. However, the temperature of the 
emitting surface must not be higher than neces
sary, since excessive temperature can shorten 
emission life. 

Figure 6 shows beam current ( emission 
current) as a function of the emitter tempera
ture, which varies directly with heater power. 
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BEAM -FORMING 
FOCUS ELECTROOE 

Figure 4 
Diode section of a klystron electron gun. 

When the heater voltage (Ef1) is too low, the 
emitter will not be hot enough to produce the 
desired beam current. In addition, small vari
ations in heater voltage will change the beam 
current significantly. With the proper heater 
voltage (Ef2), constant beam current will be 
maintained even with minor variations in heater 
voltage. The same is true for a higher heater 
voltage value (Ef3), but in this case, the emitter 
temperature is greater than that needed for the 
desired beam current and will reduce tube life. 
The correct value of heater voltage and/or 
heater current is included in the data shipped 
with each klystron . 

Eb CONSTANT 

EMITTER TEMPERATURE 

Figure 6 

Ueanl current variation with emitter temperature. 
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Figure 5 

Be run forming In the diode section. 

Modulating Anode 
Since the modulating anode is electrically 

isolated from both the cathode and klystron body 
(the rf structure, between polepieces) the volt
age applied to it provides a convenient means 
for controlling beam current independently of 
the beam voltage applied between cathode and 
body, see Figure 8 . When the cathode is oper
ated in the space-charge-limited region, Ef2 and 
Ef3 of Figure 6, the emission current will be a 
specific function of the applied voltage. 

where 
lb = beam current, amperes 
E = beam potential, volts 

The constant, k, is a function of the geometry 
of the cathode-anode structure, and is tenned 
perveance. Since the modulating anode is physi
cally positioned between the rf structure (body) 
and the cathode, even if the full beam voltage is 
maintained between cathode and body, the actual 
beam current into the tube may be reduced at 
will by ''biasing" the modulating anode to any 
voltage between cathode and body. High effi
ciency "H" tubes and aural operation require 
modulating. anode bias to establish the correct 
operating beam current. This can be obtained 
from a separate modulating anode power supply 
or a resistive voltage divider across the beam 
power supply. 
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Beam current variation with modulating-anode voltage . 

Figure 7 shows the relationship between beam 
current and voltage described in the above equa
tion. Two examples for using the graph are given. 
In example A , ifa modulating anode of 4000 volts 
produces a beam current of 0.6 amperes, the 
intersection poin t lies on the 2.4 microperveance 
line, a)ld the pervea nce is expressed as 2.4 x I o-6 

A / V3 
/

2
• or 2.4 micropervs. Opera ting condition B 

illustrates a rather practical television transmitter 
situation in which a common beam supply of 
18 kilo vo lts is used to power both the visual 
and aural kJystrons. At l8 kV. the visual tube 
operates at a beam curre nt of approximately 
5 .0 amperes if the modulating anode is con
nected (through an isolating resistance) to the 
body f°f the tube, and the perveance is 2.1 x 10-6 

A/V3 2
, o r 2. I micropervs. Since the aural 

output power required is much less, the J-c 
input power can be reduced from that required 
to operate the visual tube. Points B' indicate 
that if the modulating anode is suppl ied with 
o nly 8 kV (through a voltage d ivider) then the 
intersection with the 2. 1 microperv line yields a 
beam cu rre nt of only 1.5 amperes, thus accom
plishing the necessary reduction of input power 
for aural service. 

MAGNETIC FIELD 
Electromagnet coils are placed around the 

klystron to develop a magnetic field along the 
axis of the rf circuit which controls the size 
of the electron beam and keeps it aligned with 
the drift tubes . 

Figure 8 illustr ates the beam-forming portion 
at the cathode end of the klystron and rf section, 
where the magnetic field is developed between 
two cylindrical disks called polepieces . The 
electron beam in this illustration is shown 
t r avelling two paths . One path shows the beam 
spreading out to Points AA; the other path 
shows the beam confined by the magnetic field 
to a constant s ize throughout the distance be-
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FI ELD 

ANODE 
POLE PIECE 

-

Figure 8 

Effect of the magnetic field on the electron beam . 
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Figure -g 

COMMON AXIS 

\ 
RETURN PATH ~ 

Field paltl'rn of a klystron elel'lruma~nct . 

tween polepieces . The beam spreads toward 
Points AA when the magnetic field is inadequate. 

Figure 9 illustrates the magnetic field pattern 
of a typical solenoid used for klystrons. When 
d-c current passes through the magnet coils, a 
magnetic field is generated along the axis of the 
tube . The sfrength of this magnetic field can be 
controlled by changing the current flow through 
the magnet coils . The shape of the field, how
ever, is determined by polepiece geometry and 
winding distribution inside the solenoid . 

F igure 10 illustrates the field pattern and the 
shape of the beam for a properly adjusted field . 

Figure I I illustrates how the beam of a kly
stron is distorted when a piece of magnetic 
material is placed near the rf circuit of the tube. 

POLE PIECE 

BEAM F IELO LINES 

'-- POLEPIECE 

Figure 10 
Field patiei-n and hcam shape in a 
p.-opcrly adjusted magnetic fie ld. 
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fhe beam will bend in this fashion if a nut or 
bolt, even as small as I /4-20 size, is in the mag
netic field of the magnet. In th is case, electrons 
in the beam will fo llow the bent magnetic field 
Lines and may strike the walls of the drift tubes 
and klystron damage can occur. Remember, 
magnetic materials such as screw drivers, wrench
es, bolts. or nu ts must not be left near the mag
netic circuit nor near the cathode o r collector. 
Magnetic tools must not be used to tune the 
k lystron. 

POLEPIECE 

FIELO LINES 

~ MAGNET IC 
MATERl~L 

BEAM 

~ POLEPIECE 

Figure 11 

T>istortion o( tield pattern and be:tm sliapc due 
to ma~nctic material in the rna,::,wt,c lield. 

RF STRUCTURE 
The rf structure of a klystron amplifier is 

comprised of several tunable resonant circuits 
(cavities) positioned along the axis of the elec
tron beam . An rf signal is fed into the input 
cavity, at the cathode end of the tube, and an 
amplified signal is removed from the output 
cavity. The electron beam traveling through 
the cavities provides the coupling between each 
of the r[ circuits . Velocity modulation occurs 
along the beam forming electron bunches . 

Cavities 
The cavities of a klystron a.re h igh-frequency 

parallel resonant c ircuits constructed so that 
they provide ru1 rf voltage across the capacitive 
component (gap) which interacts with the d-c 
beam . Figure 12(a) illustrates the polarity 
near the drift tube tips with in a cavity excited 
by an alternating voltage of microwave signal 
frequency. Figure 12(b) is the equivalent cir
cuit of a simple cavity . To achieve circuit 
Tesonance, the inductive and capacitive react
ru1ces of each of the components must be equal. 
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Figure 12 

Typical cavity and equivalent c1rcuil. 

The reactance of each of the components shown 
in Figure 12(b) can be determined, since each 
component can be measured as a separate unit. 
However, the reactances of the components 
within a klystron cavity are more difficult to 
determine, because they cannot be measured 
individually. Therefore , the regions of volt
age maxima or minima can be used to define 
each component of a klystron cavity in the 
following way: 

1 . The capacitance of a cavity is developed 
across the gap at the drift tubes where the 
voltage is maximum . 

2. The inductance of a cavity is located in the 
outer volume of the cavity where the volt
age is at a minimum. 

By defining each component of a cavity in the 
above terms, it becomes easy to visualize 
changes in the volume as changes in inductance, 
and changes affecting the gap as changes in 
capacitance . 

PADDLE 

CpAODL£ 

GAP n 
la ] [bl 

Figure 13 
Typic:tl capacitance- tuned cavitv and equivalent cireuil. 
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Cavity Tuning 
The resonant frequency of each of the cavities 

of a klystron can be adjusted to the operating 
frequency of the transmitter. This can be done 
in two ways: 

1. The inductance can be changed by chang
ing the volume of the cavity, or 

2. The capacitance of the drift-tube gaps can 
be changed . 

Integral-cavity klystrons manufactured for UHF
TV stations are tuned by adjusting a capacitive 
paddle in each cavity to change the capacitance 
of the drift-tube gap . 

Figure 13 illustrates how the capacitance of 
the cavity gap can be changed by attaching a 
post to a thin-wall diaphragm with a paddle 
close to the drift-tube gap. Figure 13(a) illus
trates the mechanical configuration of a cavity 
with this type of tuning . Figure 13(b) shows 
only the equivalent circuit capacitance formed 
between the paddle and the drift tubes at the 
gap. Moving the paddle away from the drift 
tubes decreases the gap capacitance and in
creases the resonant frequency of the cavity . 

Figure 14 shows a schematic diagram of the 
equivalent c ircuits of a fou_r-cavity klystron . 
CLrcuit No . 1 is the input and Circuit No . 4 is 
the output. An rf s ignal is injected through the 
input coupling causing an a-c voltage across the 
capacitance (gap) of the input cavity. Depending 
on the polarity of this voltage, electrons pass
ing through the gap are either accelerated or 
slowed down . 

As the beam continues to travel toward the 
output cavity, electrons with increased velocity 
overtake the electrons that have slowed down, 
causing bunches of electrons to form in the 
beam . These bunches exc ite the cavities be
tween the input and the output, which in turn 
affect the beam passing through. This creates 
a beam that is dens ity modulated at the output 
gap, where the signal is removed from the kly
stron through the output coupling. 

Cavity/Trans mission 
Line Coupling 

Figure 15 (a) illustrates magnetic-loop coup
ling, where the rf ener gy is fed through a 
coaxial I ine with its center conductor inserted 
into the klystron cavity. The end of the center 
conductor is formed into a loop . This forms a 
simple one-turn transformer which couples rf 
energy into or out of the cavity through a coaxial 
t r ansmission line. 
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Figure 14 

Schematic equivalent circuit of a four-cavity klystron. 

Figure 15(b) shows the equivalent circuit. 
The transformer formed by the loop and cavity 
is an impedance-matching transformer between 
the transmission line and the cavity . For 
optimum klystron performance, components 
following the klystron in the system must be 
desig11ed to present an impedance match (VSWR) 
as close to unity as possible , 

Cavity Loading 
Klystron cavities may be externally loaded to 

improve their instantaneous electronic-bandwidth 
characteristics. These loads lower the Q 
of the cavities slightly and thereby increase 
the bandwidth of the klystron. 

RF PERFORMANCE 
Output power stability of a klystron is sensi

tive to changes in beam input power, rf drive 
power, rf drive frequency and tuning as well as 
magnetic fields, output VSWR's, etc. Varying 
any of these parameters will alfect rf output 
power response. 

COAXIAL 
LINE 

JS 
L7 

I al 
Figure 15 

Loop couplinJ{ and equivalent cir cuJl. 
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DC Input Power vs 
RF Output Power 

Figure 16 shows how changes in d- c beam 
input power alfect the rf output power of a 
klystron under constant rf drive conditions . 
Small changes in d-c input power produce 
marked changes in rf output power. Hence, 
poor line-voltage regulation may cause the 
output power to vary excessively. 

Effect of RF Drive Power 
on RF Output Power 

Figure 17 shows rf output power as a function 
of rf drive power applied to the tube . From this 
curve, we see that when the rf d r ive power level 
is low, the rf output power is low. As the level 
of rf drive power increases, rf output power 
increases until an optimum point is reached. 
Beyond this point, further increases in rf drive 
power r esult in less rf output power. Be
cause of these effects, two zones and one point 
have been labeled on the curve. In the zone 
labeled "Underdriven", rf output power in-
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I
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Q. 
I
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0 ... 
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D-C BE AM POWER -

Figure 16 

Rf output power variation with de beam lnput pow~r . 
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Figure 17 

Hf output power as a function of rf cJrivc pmver. 

creases when the rf input power is increased. 
The point labeled "Optimum" represents the 
maximum rf output power obtainable . Klystrons 
are said to be saturated at th is point, since any 
further increase in rf drive or.ly decreases the 
rf output power. The zone formed at the right 
side of saturation is labeled "Overdriven". To 
obtain maximum rf output power from a klys
tron, sufficient rf drive power must be applied 
to the tube to reach the point of satur ation on the 
curve . Operating at rf drive levels beyond the 
saturation point will only overdrive the klystron, 
decrease rf output power, and increase the 
amount of beam interception (body current) at 
the drift tubes. In TV service, klystrons are 
always operated within the underdriven zone 
of Figure 17 . 

Tuning and Bandwidth 
In the section on klystron cav ities, the 

analogy of a parallel resonant circuit was used 
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Figure 18 
Bandwidth and output power variation with tuning. 

to illustrate the equivalent circuit of a single 
cavity . Figure 18 represents the response 
of all of the cavities of a klystron combined. 
Tuning of any cavity will affect the size and 
shape of these curves . 

There are three common methods of tuning 
klystrons. They are: 

I. Synchronous tuning for maximum gain. 

2 . High-efficiency tuning for aural service. 

3. Broadband tuning for visual service . 

Figure 19 shows how rf output power changes 
with various levels of rf drive power applied to 
a klystron under different tuning conditions . 
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OutpuL power variation wilh drive power 

under different tuning condit1uns. 

The rf power at Point A represents the drive 
saturation point for a synchronously-tuned tube. 
Point B shows a new point of saturation that is 
reached by tuning the penultimate (next to the 
last) cavity to a somewhat higher frequency. By 
tuning the penultimate cavity still further, Point C 
is reached. There is a point, Point D, where 
increasing the penultimate cavity frequency no 
longer increases rf output power ; instead, it 
reduces the output power, Curve E. Curve D is a 
typical gain curve for a klystron correctly tuned 
for visual operation. 

This concept is important because improper 
tuning of the klystron (Curves B and E) will 
cause excessive sync-compression and low 
rf output power. Figures 20 and 21 indicate 
the effect of tuning on sync response at a con
stant blanking power level . Figure 20 shows 
the output obtained when the klystron is tuned 
correctly for visual service. It can be seen that 
the klystron is operating well within the linear 
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Figure 20 
Output power and sync response of a klystron 

properly tuned for visual service . 

portion of the gain curve D. In Figure 21, gain 
curve B is used to show the effect of improper 
visual tuning, leading to sync compression. 
Note that the klystron in this case is being 
operated too close to the point of saturation, 
the very non-linear portion of the gain curve. 
Tuning procedures are described in detail 
starting on Page 14. 

PROTECTIVE MEASURES 
A klystron amplifier must be protected by 

control devices in the system. These devices 
offer either visual indications, aural alarm 
warnings, or actuate interlocks within the sys
tem . Under "Troubleshooting", methods of 
determining causes of faults are discussed. 
This discussion covers many types of moni
toring and protective devices that can be used 
in a UHF-TV system . The explanation will 
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Figure 21 
Gain c11rve of an improperly tuned klystron 

showing undesirable sync compression. 
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cover the reasons for protection and what should 
be monitored. Only power supplies and rf sys
tem will be discussed at this time. Monitoring 
of the cooling system will be discussed in the 
section on cooling systems. 

Figure 22 is a pictorial diagram of a klys
tron amplifier and the basic components 
associated with its operation as well as the 
metering for each of the power supplies. Sec
tions of coaxial transmission line, representing 
essential components, are shown attached to the 
rf input and rf output of the tube. A single 
magnet coil is shown to represent any coil con
figuration that may exist; its position in the 
drawing is for convenience only and does not 
represent the true position in the system . 

Heater Supply 
The heater supply can be either ac or de. If it 

is de, the positive terminal must be connected to 
the common heater-cathode terminal and the 
negative terminal to the heater terminal. 

The amount of power supplied to the heater 
is important since this establishes the cathode 
operating temperature. The temperature must 
be high enough to provide ample electron 
emission but not so high that emission life 
will be jeopardized. 

The Test Performance Sheet accompanying 
each tube provides the proper operating values of 
heater voltage and current for that tube. To 
verify meter calibration, heater voltage should 
be measured at the heater terminals of the tube, 
with a trne nns reading voltmeter. In this way, 
heater voltage and current can be correlated 
with the values on the Test Performance Sheet. 

Since the cathode and heater are connected to 
the negative side of the beam supply, they must 
be insulated to withstand full beam potential. 

Beam Supply 
The high-voltage beam supply furnishes the 

d-c input power to the klystron. The positive 
side of the beam supply is connected to the body 
and collector of the klystron. The negative 
terminal is connected to the common heater
cathode terminal . Never connect the negative 
terminal of beam supply to the heater-only 
terminal because the beam current will then 
flow through the heater to the cathode and cause 
premature heater failure . 
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Figure 22 
Power supplies, prntectlve components. and metering. 

The voltmeter (Eb) measures the beam volt
age applied between the cathode and the body 
of the klystron. 

Resistors R1 and R2 form a resistive divider 
which provides the necessary modulating anode 
bias voltage for aural service. Resistor R3 is 
connected in series with the modulating anode. 
If an arc occurs between the cathode and the 
modulating anode, this series resistance limits 
the amount of surge current between the cathode 
and modulating anode. 

Current meter (le) measures collector cur
rent. This is about 95%, or more, of the total 
current. Current meter (lby) measures body 
current . This current should be less than 
150 mA. An interlock set to interrupt the beam 
supply H the body current (Iby) exceeds its max
imum rating can protect the klystron against 
magnet failures, overdriven conditions, arcing, 
etc . Check the individual Tube Data Sheet for 
the maximum allowable value of body current . 

The sum of the body current (Iby) and collec 
tor current (le) equals the beam current (Cb), which 
should stay constant as long as the beam voltage 
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and modulating anode voltage are held constant. 

Magnet Supply 
Electrical connections to the d-c magnet 

supply should be made in accordance with the 
applicable operating instructions. Two meters 
are shown, one for measuring current through 
the circuit (Im), and one for measuring voltage 
(Em). When a klystron is installed in the mag
net, both parameters should be measured and 
recorded for future reference . If excessive 
body current or other unusual symptom should 
occur, as outlined under "Troubleshooting", 
these data will be valuable for system analysis. 

Undercurrent protection should be provided 
to remove beam voltage if the magnetic circuit 
current falls below a preset value . This under
current interlock should prevent the beam 
voltage from being applied if the magnetic cir
cuit is not energized. However, it will not 
provide protection if the coils are shorted. 
Shorted conditions can be determined by mea
suring the normal values of voltage and cuTrent 
and recording them for future reference . 
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The body-current overload protection should 
actuate if the magnetic fie ld is reduced for 
any reason. 

RF Circuits 
Monitoring deviqes are shown on the rf input 

and output of the klystron. These monitors 
protect the klystron, should failures occur in 
the rf output circuit of the system. Two direc
tional couplers and a photodetector are shown 
attached to the output of the klystron . These 
components and an rf switching device on the 
input form a protective network against output 
transmission-line mis match. 

The rf switch is activated by the photodetec
tor or the backpower monitor and must be 
capable of removing the rf drive power from the 
klystron in less than 10 milliseconds. 

In the rf output circuit, the forward power 
coupler is used to measure the relative power 
output of the klystron. The backpower coupler 
is used to measure the rf power reflected by the 
output circuit components, or antenna. Dam
aged components or foreign material in the 
rf line will increase the rf backpower. The 
amount of reflected power should be no more 
than 5% of the actual forward rf output power of 
the klystron. A properly located interlock can 
monitor the backpower so it will remove the 
rf drive to the klystron if the backpower reaches 
an unsafe level. 

However, arcs occurring between the monitor 
and the klystron output window will be undetected 
by the backpower monitor. By placing a photo
detector between this monitor and the window, 
light from an arc will trigger the photodetector 
which will actuate the interlock system and re
move the rf drive before the window is damaged. 

This network of couplers and light detectors 
has been used successfully with Varian tubes at 
CW power levels up to 500 kilowatts . 

COOLING REQUIREMENTS 
There are two different cooling methods used 

with vapor-cooled klystrons. 

1. Liquid cooling of the klystron body and 
magnet. 

2. Vapor cooling of the klystron collector , 

To obtain satisfactory service from a liquid
cooling system, periodic maintenance of the 
system must be performed to prevent: 
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1. Scale and rust accumulation in the cooling 
lines. 

2. Reduction of the coolant flow because of 
excessive pressure drop across the 
system. 

3. Malfunction of flow interlocks because of 
corrosive and clogging action. 

4. Clogging of critical heat transfer areas 
such as the body, magnet, and waterload. 

Many of these occurrences can be prevented by 
using pure distilled water in a system that is 
clean and free of contaminants. Tf the liquid
cooling system is operating properly, the total 
foreign residue in the liquid will be less than 
50 parts per million. Therefore, the cooling 
system should be cleaned and refilled with pure 
distilled water periodically in accordance with 
transmitter operating instructions. 

The liquid flow to the collector of a vapor
cooled klystron must be great enough to always 
keep the height of the water in the boiler at the 
proper operating level. Failure to maintain the 
proper level will cause thermal runaway and 
klystron damage . 

To maintain a vapor-cooling system at its 
peak efficiency : 

1 . Use pure distilled cooling water which is 
completely free of foreign materials. 

2 . Maintain the proper level of water at all 
times. 

Figure 23 is a diagram of a cool ing sys
tem commonly used with Varian vapor
cooled klystrons. 
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Figure 23 

PUMP 

/\ klysh-on cooling system using a single reservoir 
and pump for both liquid and vapor cooling. 
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Varian Application Engineering Bulletins 
AEB-26, AEB- 31, and AEB-32 are available as 
guides for maintaining water /vapor systems. 

TUNING PROCEDURE 
The procedure for tuning a UHF-TV klystron 

depends on whether it is to be used in aural or 
visual service. A synchronously-tuned klystron 
(all cavities tuned to the same frequency) has 
maximum gain and narrow bandpass . An 
efficiency-tuned klystron (next to the last cavity 
tuned above the carrier frequency for aural 
service) has a higher efficiency, i.e., mor e 
output power for a given beam voltage, but 
requires more drive power (8 - 10 dB) to achieve 
saturation . Bandwidth is somewhat greater than 
it is for synchronously-tuned klystrons. Broad
band-tuned klystrons (cavities staggered in fre
quency for visual service) have about the same 
efficiency as efficiency-tuned klystrons, but the 
gain is lower still (4 - 8 dB) . 

First, we will discuss tuning the tube synchro
nously, then tuning for high efficiency (aural), 
and finally tuning the klystron for maximum 
bandwidth (visual service) , 

Whenever it is necessary to change the fre
quency of a klystron, such as shifting from visual 
to aural service, the tube should first be syn
chronously tuned at low drive power, then the 
drive frequency should be shifted while main
taining an indication of output power. At the 
new drive . frequency, the tube should again 
be synchronously tuned before being adjusted 
for aural service. Synchronous tuning at the 
new freque ncy establishes the optimum setting 
for each cavity. From these cavity positions, 
the klystron can be properly tuned to the new 
type of service . 

CAUTION 
KEEP DRIVE LEVEL LOW WHEN SYN
C'HRONOUSL Y TUNING ANY KLYSTRON 
AMPLIF IE R OR WHEN CHANGING ITS 
FREQUENCY. 

The drive level must be kept low so that the 
response of each cavity is shar p and the cavity 
can be tuned to the exact frequency des ired. [f 

the drive level is too high, the cavity response 
will be br oad and it will be impossible to accu
rately tune the klystron cavities. 

Synchronous Tuning 
1 . Reduce the be am voltage to about 70% of 

the normal operating value . 
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2 . Apply only enough drive to obtain an indi
cation of power on the power monitor or 
oscilloscope . 

3. Tune the cavities in order, cavityone, two, 
three, etc., for a peak indicated output 
power. 

As each cavity is tuned, the output power 
increases very rapidly as you progress from 
cavity to cavity . Because of this increase in 
gain, the drive level must be lowered to keep 
the cavity response sharp. A rough rule-of
thumb is keep the drive low enough so that the 
output power is at least 6 dB below the normal 
operating rf output power . 

Synchronous Tuning 
to Shift Frequency 

1 . Reduce the beam voltage to about 70% of 
the normal operating value. 

2. Apply enough r f drive to the klystron to get 
a power read ing on the power monitor or 
oscilloscope. 

3. Change the driver frequency in the d.esired 
direction until the output power indication 
just disappears then return the rf drive 
frequency until there is a small indication 
of output power. 

4. Tune the cavities, in order, (or maximum 
power response . 

5. Repeat these steps of changing rr drive 
frequency and retuning the cavities until 
the desired operating frequency is 
reached. Do not tune the cavities without 
a power indication on a meter or scope. 

Having reached the desired operating frequency, 
the klystron may now be tuned for either visual 
or aural service by the following methods. 

High Efficiency Tuning 
for Aural Service 

1 . Synchronously tune the klystron to the au
ral carrier frequency, as described above. 

. 
2. Carefully saturate the klystr on, i.e., 

increase the rf d r ive for maximum output 
power with the klystron synchronously 
tuned . Do not increase the drive further 
at this time, as the body current will 
increase to values wh ich could cause ion 
current or damage to the internal struc
ture of the klystr on. 

3. Maintaining constant drive level , tune the 
penultimate cavity ( next to the output 
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cavity) higher in frequency, (clockwise, CW) 
five or more turns or unW the output 
power drops 6 to 10 dB. 

CAUTION 
DO NOT ADJUST ANY OTHER CAVITY. 
IF ANY OTHER CAVITY IS ADJUSTED 
AT THIS POINT, THE KLYSTRON MUST 
AGAIN BE SYNCHRONOUSLY TUNED 
TO REGAIN THE DESIRED FREQUENCY. 

4. Raise the beam voltage to the oper
ating level . 

5 . [ncrease the drive level until the klystron 
is saturated (maximum output response). 

Broadband Tuning 
for Visual Service 

Before attempting to tune the klystron for 
visual service, refer to the transmitter manufac
turer's manual for the recommended procedure. 

A generaJ broadband tuning procedure is to: 

l. Synchronously tune the klystron, as des
cribed above, to the visual carrier frequency. 

2. T une the penultimate cavity approximately 
8 MHz to the high-frequency side (CW) of 
the carrier. 

3. Tune the second cavity 1-1 /2 MHz to the 
low frequency side (CCW) of the carrier. 

4. Tune tl1e third cavity of the klystron (five
cavity versions only) about 4 MHz above 
(CW) the carrier frequency. Omi t this 
step with four-cavity tubes. 

5. Tune the first cavit y approximately 2 MHz 
above the carrier. 

6 . Raise the beam voltage to the operating 
level. 

7. Increase the drive power until the necessary 
output power is reached, i.e ., mid
characteristic level, full peak power level, 
or other level suggested by the t ransm itte r 
manufacturer. 

8. Adjust th e individual cavities to make 
minor bandpass corrections: first or last 
cavity for slope, second. thirJ, and pos
sibly fourth for edge effect a11d "holes." 
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Balancing Two Klystrons 
for Visual Service 

Each klystron should be tuned and set for 
operation indi-vidually, as described in the 
previous section. Final adjustments are for 
combined opera.ti on and are easy to make. 

The purpose of these final adjustments is to: 

I . Match the gain slope of the two klystrons 
while they are being driven from white to 
blanking level. 

2 . Match the rf power output from the com -
bined klystrons. 

3. Match the output phase of the klystrons. 

4. Minimize the power dissipated in the 
balance I oads . 

One procedure is as follows: 

1. Combine !the output power of the two klys
trons into a dummy load. 

2. Drive thei klystrons simultaneously with 
swept signals of equal amplitude to each 
tube. 

3. Start at a low level and slowly increase 
the rf drive, observe the combined swept 
response as well as the balance load meter 
for minimum power. 

4. Adjust the phase-balancing network in the 
drive line to one of the klystrons for mini
mum power in the loads . 

5 . ff the power of the individual klystron does 
not increase at a uniform rate, small 
adjustmelilts of the second or penultimate 
cav ity of either klystron should be enough 
to balance the combined output . 

Another procedure is to individually sweep 
each klystron, at the mid-characteristic level, 
into a dummy load through a combiner, filters, 
etc. Tw1ing in this manner will result in power 
being dissipated in the balance load. If the indi
vidual klystr ons are tuned so that the power into 
the dummy load and balance load are the same 
for each klystron, the combined power and gain 
should be corred. At this point, minor adjust
ment of the second, or penultimate cavity of 
e ither klystron will balance the comblnedoutput. 

rn e ithe r case, the amount of adjustment to 
e ithe r klystron should be minimal. Again, all 
tuning should be done under swept conditions. 
Adjustment with a stairstep or multiburst is 
not desirable . 
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TROUB LESHOOTING 
The following information may be of assistance 

when troubleshooting a system . It is a summary 
of common problems or failures and some 
of their causes • 

RF Power Measuring Equipment should be 
accurately calibrated before attempting to 
measure the rf power from a UHF-TV klys
tron. A simple method is to compare the 
power value indicated on the rf power mea
suring device with the power absorbed in a 
high-power water load connected to the klys
tron output. The power absorbed in the water 
load can be calculated from: 

P = 0,264 (Q) aT 

where 

P = Power in kilowatts 
0. 264 = Constant for pure water at 30°c 

Q = Flow in gallons per minute 
a T = Difference between inlet and outlet 

water temperature in °c 

RF Backpower is an indication of the impe
dance match (VSWR) between the klystron 
rf output and its load. Increases in rf back
power should be investigated before a com
ponent failure occurs. Continued operation 
with high rf backpower may cause arcing and 
window heating, with a chance of catastrophic 
damage to the klystron. 

Increase in Coolant Pressure Drop for a given 
now rate generally indicates clogged coolant 
channels. Cleaning the channel is imperative. 

Failure to do so will cause klystron instability 
and overheating. 

CAUTfON 
ALWAYS BY-PASS KLYSTRON AND 

MAGNET WHEN BACK-FLUSH[NG SYSTEM 

High Heater Current for a given heater volt
age indicates possible heater shorting or, 
coupled with an inability to apply beam volt
age due to ac/dc overloads, loss of vacuum. 

Low Beam Current for a given modulating
anode voltage usually indicates the approach 
of cathode emission end-of-life. Low emis
sion can sometimes be temporarily overcome 
by increasing the heater power 5 to IO%. 

Magnet Voltage for a given current through 
the magnet coils can be used to indicate 
magnet circuit malfunctions. Increases in 
voltage may signal coolant problems or loose 
connections. Decreases in voltage may result 
from s horts. The causes for these voltage 
changes must be corrected, since uniform 
current is not passing through all the magnet 
coils and the klystron can be damaged be
cause of reduced magnetic field. 

RF Output Power measured at both ends of 
the rf output transmission line, can be used 
to determine mismatches and losses in the 
output line. High losses in the components, 
usually caused by impedance mismatch, can 
cause dangerous heating and possible com
ponent failure. 

SYMPTOM 

HIGH BODY CURRENT 

Symptoms and Causes 

CAUSE 

LOW OUTPUT POWER 

I. Magnet current set too low. 
2. Magnetic materials too close to tube. 
3. Rf drive power level set too high and tube is 

operating in overdrive region. 

4 . Heater voltage too low, causing poor optics at 
ca thode. 

5. Moisture in the radiation shield area. 

1. Low beam current. 
2. Rf drive power level set too low. 
3. Tube not properly tuned. 

4. lmproper magnetic field. 

5. High VSWR between klystron and load. 
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SYMPTOM 

LOW BEAM CURRENT 

NO BEAM CURRENT 

NO HEATER CURRENT 

HIGH I-IBA TER CURRENT 

THERMAL DETUNING 

RF LINE ARCING 

FIRST CAVITY WILL NOT TUNE 

OUTPUT OR PENULTIMATE CAVITY 
WILL NOT TUNE 

CAUSE 

1. Low beam voltage. 

2. Modulating anode not connected. 

3 . Modulating-anode voltage set too low. 

4 . Heater voltage set too low. 

1 . Beam supply malfunction. 

2 . Modulating anode connected to cathode. 

3. Heater voltage off or heater open. (Ii the heater is 
open, check output window; tube may have loss of 
vacuum .) 

1. No heater voltage at tube . 

2. Open heater . 

1. Heater voltage too high. 

2. Tube is down to air (check output window). 

3. Heater may be shorted internally. 

4. External short at heater connection. 

1. Water flow set too low. 

2. Tube is detuned. 

3 . Rf drive level set too high . 

4. Magnetic materials too close to tube. 

1. Foreign material in rf output coaxial transmission 
line. 

2 . High VSWR in rf output coaxial transmission line. 

3 . Flange connections are poor . 

1. Melted drift tubes caused from magnetic field failure. 

2. Tuner forced beyond stops . 

3 . Defective input power cable . 

4 . Defective input power coupler. 

5. No drive power. 

1, Rf drive level is set too high. 

2. Cavity tuned too far from driver frequency. 

3 . Melted drift tubes caused from magnetic field failure. 
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SYMPTOM 

TUBE OSCILLATES 
(SYNC PULSE RINGS) 

NARROW BANDW£DTH 

LIQUrD COOLANT. BOIL[NG
BODY, AND/ OR MAGNET 

LOW GArN 

ABNORMAL OR NONSYMMETRICAL 
BANDPASS RESPONSF: 

AC/DC OVERLOADS 
(INTERNAL ARCING) 

COLLECTOR RUNAWAY 

CAUSE 

l. Rf input and output connections not terminated 
properly. 

2. High VSWR in rf output coaxial transmission line. 

3. Penultlm ate cavity tuned too close to carrier 
frequency. 

4. Magnetic field misadjusted. 

1. High VSWR in rf output coaxial transmission line. 

2. Improper tuning of tube. 

3. Defective cavity loads , 

1 . Water flow too low or coolant channei blocked. 

2 . Inlet coolant temperature too high . 

3. Coolant contam inatcd. 

4. De input power too high, 

1. Tube is improperly tuned. 

2 . Beam voltage set too low. 

3. [mproper magnet current. 

1. Rf drive level set too high. 

2. Cavities improperly tuned , 

3. IIigh VSWR in output coaxial transmission line. 

4. Improperly aligned driver. 

1. Transient in power supply. 

2. Heater voltage set too low. 

3. Beam voltage set too high. 

4. High VSWR in output coaxial transmission line. 

5 . Tube down to air. 

1. Contaminated coolant . 

2. Beam input power too high. 

3 , Weir level too low. 

4 . Back pressure in steam line. 

5. Magnetic field misadjusted. 
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System Induced Tube Failures 
The reason for failure of a klystron is often written on service reports as a cracked window, open 

heater, burned paint on the collector, etc . Before installing a new tube in a system, check the 
condition of the removed tube and, if possible, determine the type of failure . [f the failure is listed 
below, check the system as indicated . 

FAILURE 

OPEN HEATER 

BROKEN OUTPUT WINDOW 

MELTED DRIFT TUBE 

CHrECK FOR 

1. Broken output window on tube. 

2 . Value of heater voltage at heater terminals. 

3 . Insulation breakdown of heater supply to ground. 

4. Heater supply transients. 

1. Foreign materials in rf output coaxial transmission 
line . 

2. ITigh VSWR in rf output coaxial transmission line. 

3. Poor flange mating. 

4, Mechanical stress at tube window. 

5. Damaged components in coaxial transmission line. 

6. Malfunction of protHctive system, i~e. , reflected 
power (VSWR) monitor or photodetector . 

1. Discoloration of the paint around the body. 

2. Excessive drive power. 

3. Low or no body coolant flow . 

4 . Body coolant inlet temperature too high. 

5. Inadequate m ag11etic field. 
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