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EXTERNAL CAVITY KLYSTRONS 

FOR 

UHF TV TRANSMITTERS 

Technic al Services Department 

PURPOSE 

The purpose of this booklet is to fam iliarize 
the operator with basic principles of klystron 
operation , the need [or care during; tube 
installation, proper operating methods, a_ncl 
some troubleshooting- sugg-estions [or co1-recting; 
d ifficulties wh ich may occur with a klystron in 
a system . 

INTRODUCTION 

Al UIIF-TV l'requencies, s ui table modulation 
of an e lectron stream in a conventional vacuum 
tube is very difficult to achieve . In a triode, [or 
example, as an electr on stream travels from the 
cathode to the plate. it is modified by the voltage 
on the grid . At microwave frequencies, the 
voltage on the i;rid osc illates so r apidly that it 
may complete several oscillations du ring the 
time an electron travels across the tube . ThiR 
decreases efficiency ;lJ1d output power a nd 
causes excessive back-heating or the cathode by 
electr ons from the grid region. Although th is 
effect can be partially overcome b_v usini; closer 
interelectrode spac ings and operating the triode 
at reduced heater voltage a nd increased plate 
voltage, it is difficult for any grid operating at 

1 

microwave frequencies to have enoug;h control 
over the electron stream to modulate it 
effic iently . 

To sol vc th is problem , engineers for many 
years have been evaluating various methods ol 
modulation at microwave frequencies . One 
method commonly used today is modulation of' 
the VELOC ITY of' an clccfron stream . It e lim i­
nates the problem of electron trans it time as 
well as the need for close electrode spacings . 
Some of the microwave devices which use 
velocity modulation include klystrons, traveling­
wave lubes, backward-wave oscillators, and 
magnetrons . 

This booklet only discusses external- cav ity 
UHF-TV klystron amplifiers, which represent 
only a small portion of a ll of the total klystrons 
now in use . [!owever. much of the theory pre­
sented is gene rnl and can be appl ice! 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 I'ollows . 
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THEORY Of OPERATION 

The klystron is a device for amplifying sig-m1J s 
at mic:rowave radio f1·equcncics . The hir;h­
velocity electron beam emitted rrom 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 imping-cs on the collector 
electrode. which dissipates the beam energy 
and returns the electron cu1Tcnt to the beam 
pmrnr supply. 

The rf interaction region, where the ctmpl ifi­
cation occur s, contains resonant cavities and 
field- free drill spaces . The first resonant cavity 
encoLmtered b_v an electron in the beam (the input 
cavi ty) is exc i ted by the microwave sig1ut.1 to be 
amplified, a.nd an alternating voltage of signal 
frcquenc_v is developed across the gap . 

To see how th is happens, an analogy can be 
made between a resonant cavity and a conven­
tional p::i.rallel rcsonanl LC circuit (Figure 2) . 
The cavity gap corresponds to the capacito1·, and 
the volume of the cavi ty to the inductor . ff the 
cavih· is _just the r i ght size, i t will resonate at 
the desir ed microwave frequency . At 1·eso-

RF INPUT 

VOLUME VOLUME 

1-l (+} 

+ 

Q GAP 
DRIFT 
TUBE 

+ 
(- ) (+) + 

GAP 

Figure 2 

T _vpical eavlt~ and equiv::i.l1_;nl circuit. 

nance, opposite :;ides of the g-ap become alter­
nately positive and negative at a frequency equal 
to the m ic 1·owavc input signal frequency . 

An electron pass ing through the g~1p whon the 
voltage u.eross the gap i::; zero continues with 
unchanged ve locity :.llong- the drift tube toward 
the next cavity gap: th is electron can be crLllcd 
the reference el ectron . An electron passing­
throug-h the same gap sl ig-hlly later in time is 
accelerated by the positive field at the gap . 
Th is electron speeds up and tends to overtake 
the re[ercncc el ectron ahead or ii i n the drift 
tul)C . llowcver, an electron wh ich passes 
through the gap slightly before the re ference 

RF OUTPUT 

INTERMEDIATE CAVITIES 

, 

INPUT OUTPUT 
CAVITY CAVITY 

~ --, RC INTEROCTION REGION , ~ ~ 
mE:J~tz3! 1/ 

- ~AGNET COILS 

figure 1 

1'.-itwip:11 t·l c mt·nls ol n ldvstron. 
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Figure 3 

:'ichem.iti c of :1 klystron . 

electron encounters a negative field and is 
slowed clown. This electron tends to fall back 
to\\'ard the following reference electron. Thus, 
as a result of passing the a lternating field of 
the input-cavity gap, the electrons graduall y 
bunch together as they travel down the drift 
tube ( F igure 3) . 

Since electrons approach the input- cavity gap 
with equal ve locities 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 e lectrons passing a g iven point 
varies cyclically with time . 

ln 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 mor e well­
defined electron bunches and thus amplification 
of the input si g11al . 

The rf energ_v produced by this interaction 
with the beam is extracted from the beam and 
fed into a coaxial or waveguide transmission 
li ne b_v means of a coupling loop in the output 
cavity . The d- c beam input power not converted 
to rf energy is diss ipated in the collector. 

4 

EMISSION 

The electron gun section of a klystron, shown 
in F igure 4, consists of a healer, 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 em ittcr . As the electrons 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 . 
Fig·ure 5 shows how this lens is formed . 

Cathode Operating Temperature 

All cathodes have preferred ranges of operat­
ing temperature. The operating temperature of 
the cathode must be high enough to prevent vari­
ations in the heater power from affecting the 
electron emission current (beam curr ent) in the 
klystron . flowever, tl1e temperature o[ the emit­
ting surface must not be higher than necessary , 
s ince excess ive temperature can shorten 
em ission l i fe. 

Figure G shows beam current (emission 
current) as a function of the emitter tempera­
ture, which varies directly w ith heater power . 
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BEAM - FORMING 
FOCUS ELECTRODE 

Figure 4 

Diorle section or a klystron lllcdn•n i:un. 

\\'hen the heater voltage (Ef1) is too low, the 
em itter will not be hot enough to produce the 
desired beam current. [n addition, small val'i­
ations in heater voltage will change the beam 
current s ignificantly . With the proper heater 
voltage (Ef2), constant beam curr e nt_ will be 
maintained even with minor variations 1n heater 
voltage . The same is true for a higher heater 
voltage value (Ef3), but in this case, the em itter 
temperature is greater than that needed for the 
des ired beam current and will reduce tube life. 
The correct value or heater voltage and/ or 
heater current is included in the data sh ipped 
with each klystron . 

1-
z 
l,J 
a: 
a: 
::, 
u 
:i; 
~ 
l,J 
(0 

Eb CONSTANT 

EMITTER TEMPERATURE 

Figure 6 

13cum current variation w ith em itter temperal.u1·,:, . 

5 

Figure 5 

!learn fon ni n1s in the d iode 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, Er2 and 
Ef., of f igure G, the em iss ion current will be a 
sp~c ific function of the applied voltage . 

fb = kE:;/ 2 

where 
Tb = beam current, amper es 
E = beam potential, volts 

The constant, k, ls a function of the geometry 
of the cathode- anode structure, and is termed 
perveance . Since the modulating anode is phys­
ically positioned between the rf str ucture (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 "bias ing" the modulating anode to any 
voltage between cathode and body. Bias voltage 
is readily provided from a resistive voltage 
divider on the beam supply . 

Figure 7 shows the relationship between beam 
current and voltage described in the above 
equation. Two examples for using the gr aph 
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are g iven. In example A, if a modulating 
anode of 4000 volts produces a beam current 
of O. G amperes, the intersection point lies 
on the 2 .4 m icroperveance line, ru1d the per­
veru1ce is expressed as 2 . 4 x 10-5 A/ V3

N , 01' 

2 .4 micropervs . Operating condition B illus-

t r ates a rather practical television transmitter 
situation in which a common beam supply of 
18 kilovolts is used to power both the visual 
and aural klystrons. At 18 kV, the visual tube 
operates at a beam current of appr oximately 
5 . 0 amperes if the modulating anode is con­
nected ( through an isolating resistance) to 
the body of the tube, and the perveance is 
2 . 1 x 10-6 A/\r3 / 2

, or 2 . 1 rnicropervs . Since 
the aural output power required is much less, 
the d-c input power can be reduced from that 
required to operate the visual tube . Points B' 
indicate that if the modulating a.node is supplied 
with only 8 kV (through a voltage divide r) then 
the intersection with the 2. 1 m icroperv line 
y ields a beam current of only 1 . 5 amperes, 
thus accomplishing the necessary reduction or 
input powe r for aural s e rvice. 

MAGNETIC FIELD 

Electromagnet coils are placed around the 
klystron to develop a m ag110tic field along the 
axis o( the rf circuit which controls the s ize 
of the electron beam and keeps it alig11ed with 
the drift tubes . 

Figure 8 illustrates the beam-forming portion 
at the cathode end of the klystron and rf section, 
where the magnetic field is developed between 
two cylindrical disks cal led polepieces . The 
e lectron beam in this illustration is showu 
travelling two paths . One path shows the beam 
spr eading out to Points AA; the other path 
shows the beam confined by the magnetic field 
to a constant size throughout the distance be-

MAGNET COILS 

MODULATING ,NODE) 

ANODE 
POL EPIECE 

A 

MAGNETIC 
FIELD 

~ -
' " ' A 

Figure 8 

--- ---

1; r rect or the m~,g nctlc fic lcl on lhc elt•dr n 11 lw:1111 . 

G 

COLLECTOR 
POL EPIECE 
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RETURN PATH 

Figure 9 
Field pattern of a k lystron eledrnmag11et. 

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 strength of this ma,,onetic field can be 
controlled by changing the current tlow through 
the magnet coils . The shape of the field, how­
ever, is determined by polepiece g-eometry and 
winding distribution inside the solenoid. 

Figure 10 illustrates the f ie ld pattern and the 
shape of the beam for a properly adjusted fie ld. 

Figure 11 illustrates how the beam of a 
klystron is distorted when a piece of magnetic 
materia l is placed near the rr circuit of the 

BE AM --....._ 

~ 
FIELD LINES 

Figure 10 

Field pattern ,rnd beam shupe in a 
properly adjusted map;nelic field . 

7 

tube. The beam will bend in this fashion i( a nut 
or bolt, even as small as a 1/4-20 size, is in 
the magnetic field of the magnet, In this case, 
electr ons ln the beam will follow the bent mag­
netic field lines and may strike the walls of the 
drift tubes and klystron damage can occur. 
Remember, magnetic materials such as screw 
drivers, wrenches , bolts, or nuts must not be 
left near the magnetic circuit nor near the 
cathode or collector. 

POLEPtECE 

FIELD LINES 

Figure 11 

POLE PIECE 

MAGNETIC 
MATERIAL 

Dislc>rlion or field patte ,·n and beam shttpc due 
to magnetic rn:.,terlal in the mag,wlic field. 

RF STRU CTURE 

The rf structure o( a klystron amplifier is 
comprised of several tLmable resonant circuits 
(cavities) positioned along the axis of the e lec­
tron beam . An r( signal is fed into the input. 
cavity, at the cathode encl of the tube, and an 
amplified signal is removed from the output 
cavity . The electron beam tr aveling through 
the cavities provides the coupling between each 
of the rf circuits. Velocity modulation occurs 
along the beam form ing electron bunches . 

Cavities 

The cavities of a klystr on are high-frequency 
parallel resonant circuits constructed so that 
they provide an 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 within a cavity excited 
by an alternating voltage of microwave s ignal 
frequency . F igure 12(b) is the equivalent cir­
cuit of a s imple cavity . To achieve circuit 
resonance, the inductive and capacitive react­
ances of each of the components must be equal. 
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Typical cnvity and equivalent circuit. 

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. 
I lowever, 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 m inima 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 eas y to visualize 
changes in the volume as changes in inductance, 
and changes afl'ecting the gap as changes in 
capacitance . 

L ODOR 

GAP 0 
C GAP 

la l lb l 
figure 13 

Typkal t•apaeitan<'~•-tuncd cavilv and equivalent cln·uit . 

Cavity Tuning 

The resonant frequency of each of the cavities 
of a klystron can be adjusted to the operating 
frequency of the transmitter . Th is 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 . 

External-cavity klystrons m ru1ufacturecl for 
UHF-TV stations are tuned l>y adj usting movable 
doors in each cav ity to change the inducta nce 
(volume) of the cavity . 

Figure 13 illustrates how the inductance of a 
cavity can be changed by varying the position of 
movable doors within the cavity . Figure 13(a) 
shows the mechanical config•uration o[ a cavity 
with this type of tuning . For simplicity, only 
one door is shown; actually each cavity has 
two movable doors opposite each other. Mov­
ing the door toward the gap decreases the 
cavity volume and increases the reson~rnt 
frequency of the cavity . F igure 13(b) shows 
the equivalent circuit . 

Figure 14 shows a schematic cl la.gram of the 
equivalent c ircuits of a four-cavity klystron. 
Circuit No . 1 is the input a nd Circuit No . 4 is 
the output. An rf sig11al 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 excite the cavities he ­
tween the input and U1e output, which in turn 
affect the beam passing through. Th is creates 
a beam that is density modulated at the output 
gap, where the signal is removed from the kly­
stron th rough the out-put coup I ing . 

Cavity / Transmission Line Coupling 

Figure 15 (a) illustrates mag11etic-loop coup­
ling, where the rf energy is feel through a 
coaxial line 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 rr 
energy into or out of the cavity through a. coaxia l 
transmission line . 
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1 v 1 0UTPUT llA.J COUPLING 

Figure 14 

Schc m:.tlic equlv:.t lPnt <'i n •uit o l n t'11u1·-c:ivily ldy~ t,·,m. 

Figure 15(b) shows the equivalent circuit. 
The transformer formed by the l oop and cavit.v 
is an impedance-matching transformer between 
the transm ission line and the cavity . For 
optimum klystron performance, components 
following the klystron in the system must be 
designed to present an impedance match (VSWI{) 
as close to unity as possible . 

Cavity Loading 

Klystron cavities may be externally loaded to 
improve their instantaneous electron ic-bandw i.dth 
characteristics . These loads lower the Q 
o[ the cavities slightly and thereby increase 
the bru,dwidth ol' the kl ystron . 

RF PERFORMANCE 

Output power stabi l i ty of a klystron is sensi­
tive to changes in beam input power, rf dri ve 
power, rf drive frequency and tuning as well as 
magnetic fields, output VSWR's, etc . Varying 
any o( these parameters will al[ect rf output 

power response . 

COAXIAL 
LINE 

JS 
L7 

(a] 
Figure 15 

lb l 

Loop couplini; :ind C<JUivnle nt c ircuit. 
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DC Input Power vs . RF Output Power 

r-igure JG shows how changes in d-c beam 
input power affect the rf output power of a 
k l vstron under constant rf drive conditions. 
S~1all changes in d- c input power produce 
mar ked changes in rf output power . Hence, 
poor line-voltage regulation may cause the 
output power to vary excessivel y , 

Effect of Rf Drive Power 
on RF Output Power 

Fl n-ure 17 shows d output power as a fw1eti on 
or l'f"'dri vc power applied to the tube . From th is 
curve, we see that when the rf drive power level 
is low, the r[ output power is low . As the level 
of rf drive power increases, rl' output power 
increases until an optimum point is reached . 
Beyond th is point, further increases in rf drive 
power result in less rr output power . Be­
cause of' these effects, two zones and one point 
have been labeled on the curve. [n the zone 
labeled "Underdriven", rf output power in-

t 
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w 
~ 
0 
a. 
I­
=, 
a. 
I­
=, 
0 
u. 
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a:: 

O-C BEAM POWER -

Figure 16 

IH uu(pul po we r va.ri'.lli o 11 with de beam input pO\\L' 1' . 
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creases when the r( 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 only decreases the 
rr 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 saturation 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 o( bea m interception (body current) at 
the drift tubes . In TV service, klystrons are 
always operated within the underdriven zone 
of Figure 17 . 

Tuning and Bandwidth 

[n the section on klystron eavities, the 
analogy or a parallel resonant circuit was used 
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llandwiuth and <1ut put powel' 1·a,·i:1lio11 with tu11i11 ~ . 

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

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

1. Synchronous tuning for maximum gain . 

2 . IIigh-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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The rf power at Point A r epresents the drive 
satur ation point for a s.vnchronously-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 penult imate cavity still further, 1::ioint 
C is rt:!ached . There is a point, Point D, where 
increasing the penultimate cavity freqeuncy no 
longer increases rf output power: instead, it re­
duces the out-put power. Curve E . Curve D is a 
typical gain curve for a klystron correctly tuned 
for visual operation . 

Th is concept is important because improper 
tuning of the klystron (Curves 13 and E:) will 
cause excess ive s ync- compress ion and low 
rf outpnt power . Flgures 20 and 21 indicate 
the effect of tuning 011 sync respons e at a con­
stant blanking power level. Figure 20 shows 
the output obtained when the klystron is tune d 
correctly for visual service . It can be see n that 
the klystron is operating well within the linear 
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portion of the gain Cllrve D . In Figure 21, gain 
curve B is used to show the effect of improper 
visual tuning, leading to sync compression . 
::--:ote that the klystron in this case is being 
operated too close to the point or saturation, 
the very non-linear portion of the gain curve, 
Tllning procedures are described in detail 
starting on Page 14 . 

PROTECTIVE MEASURES 

. \ kl.vstron amplifier must be protected by 
control devices in the system . These devices 
offer e ither v isual indications, aural alarm 
\\ :imin~s, or actuate interlocks within the sys­
tt rn . Under "Troubleshooting" , methods of 
fk!t- rrn i ning- causes of faults are di8cussed. 
Thi-, discussion covers many types of moni­
toring- and protective devices that can be used 
in :1 UII F-TV system . The explanation will 
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cover the reasons for protection and what s hould 
be monitored , Only power supplies and rf sys­
tem will be discussed at this time . Monitoring 
of the cooling system wi 11 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 suppl ies . Sec­
tions of coaxial transmission line, representing 
essential components, are shown attached to the 
rf input and rf output of the tube . A s inglc 
magnet coil is shown to represent ru1y coil con­
figuration lhal may exist; ils position in the 
drawing is for convenience only and docs not 
represent the true position in the system . 

Heater Supply 

The heater supply can be either ac or de. ff 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. 
ln this way, heater voltage and current can be 
correlated with the values on the Test Perfor­
mance 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 corn,ect the negative 
terminal of beam supply to the heater-only 
terminal because the beam current will then 
flow through the heater to the cathode ru,d cause 
premature heater failure . 
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Power supplies, protective componenls, and me te ring . 

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

The sum of the body current (Iby) and collec­
tor cur rent (le) equals the beam current (Ib), 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 instr uctions . 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 current 
and r ecording them for future reference. 

wigfi
Stolen 2 Line Transparent
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The body-current overload protection should 
actuate if the magnetic field is reduced for 
any reason. 

RF Circuits 

Monitoring devices 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 s yste m. 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 netwo"'."k against output 
transmission-line mismatch . 

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 klystr on. The backpower coupler 
is used to measL1re 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. 

Howeve r , 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 r e ­
move the rf drive before the window is damaged. 

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

Ion Pumps 

Some klystrons have Vacion® pumps which 
may also be used to monitor tube performance . 

The pump continuously removes gas molecules 
and atoms from the vacuum envelope by forming 
chemically-stable compounds and by ion burial in 
the titanium structure illustrated in Figure 23. 

Pumping is initiated by a positive high voltage 
between the gridded pump anode and the titanium 
cathode plates. Electrons flowing from the 
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TITANIUM CATHODE PLATES 

CONTROL UNIT 

N 

MAGNET 

L-CELL CYLINDRICAL ANODES 

Figure 23 
Schematic of an ion pump. 

cathode, within the magnetic field provided by 
an external permanent magnet, are forced into 
a spiral path on their way to the pump anode. 
The greatly increased electron path length 
results in a high probability of collis ion be ­
tween the electrons and gas molecules in the 
system. These collis ions produce ions a nd 
more free electrons, forming a self- sustaining 
discharge. Positively charged ions are attracted 
to the cathode plates and titanium atoms are 
dislodged (sputtered). The free titanium atoms 
are deposited on the pllITlp anode and form 
chemically-stable compounds with active gases 
such as oxygen and nitrogen. Inert gases are 
also removed by ion burial in the cathode and 
entrapment on the pump anode. 
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Relationship between pump pressure a.nd pum p curr enl. 
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Ion pump current is proportional to the 
electron- atom collision rate and, hence, pro­
portional to the pressure in the klystron . See 
Figure 24. 

COOLING REQUIREMENTS 
External-cavity klystrons for UHF-TV service 

require liquid cooling of the collector, body, and 
magnetic circuit. The cooling requirements for 
each tube type are specified on its individual 
technical data sheet . 

To obtain satisfactory service from a liquid­
cooling system, periodic maintenance of the 
system must be performed to prevent: 

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 water load. 

Many of these occurrences can be prevented by 
using pure d istilled water in a system that is 
clean and free of contaminants . If 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. 

Varian Application Engineering Bulletins 
AEB- 26, AEB-31, and AEB-32 are available as 
guides for maintaining liquid cooling 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 freque ncy for aural 
service) has a higher efficiency, i.e., more 
output power for a given beam voltage, but 
requires more drive power (8 -10 dil) to achieve 
saturation. Bandwidth is somewhat greater than 
it is for synchronously-tuned klystrons. Broad­
band-tuned klystrons (cavities staggered in fre­
quency for v isual service) have about the same 
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efficiency as efficiency-tuned klystrons , but the 
gain is lower still (4 - 8 dB). 

First, we will d iscuss tuning the tube s ynchro­
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 shiftingfrom visual 
to a ural service, the tube should first be syn­
chronously tuned at low di.·ive 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 frequency 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 SYNCHRONOUSLY TUNING 
ANY KLYSTRON AMPLIFIER OR 
WHEN CHANGING ITS FREQUENCY 

The drive level must be kept low so that the 
response of each cavity is sharp and the cavity 
can be tuned to the exact frequency des ired. If 
the drive level is too high, the cavity response 
will be broad and it will be impossible to accu­
rately tune the klystron cavities. 

Synchronous Tuning 

1, Physically center the split cente ring plate 
around the klystron. 

2. Set the tuning cavit ies to the desired channel 
settings using the appropriate curves of 
Figures 25, 26, or 27. 

3. Adjust the cavity loading loops to the coup­
ling positions recorded on the Test Per­
formance Sheet. 

4 . After the required warm-up time, apply up to 
70% of the normal operating beam voltage. 

5. Alternately adjust the split centering plate 
and magnet current until a miniruW1:l body 
current is obtained. 

Note: The magnet current should be within 
± 10% of the operating value show'n on the 
Test Performance Sheet , 
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6 . Apply only enough rf drive power ( about 
1 watt CW) to obtain an output power indica­
tion on the power monitor or oscilloscope . 

7. Match the input cavity impedance to that of 
the rf drive power by adjusting the input 
coupling loop and input cavity tuning . This 
match is achieved when the reflected power 
from the input cavity is minimum. 

8 . Tune the cavities in order, cavity one, cavity 
two, three, etc., for maximum 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 Tun ing to Sh ift Frequency 

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

2. Apply enough rfdrive to the klystron to get 
a power reading on the power monitor or 
oscilloscope. 

3. Change the driver frequency in the desired 
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, for maximum 
power response. 

5 . Repeat these steps of changing rf drive 
frequency and retuning the cavities until 
the desired operating frequency is 
reached . 

CAUTION 
NEVER TUNE THE CA V1TIES 

WITHOUT A POWER INDICATION 
ON A METER OR SCOPE, 

Having reached the desired operating fre­
quency, the klystron may now be tuned for either 
aural or visual ser v ice by the following methods . 

High Effic iency Tuning 
for Au ral Service 

1. Synchronously tune the klystron to the de­
sir ed carrier frequency, as described above. 
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2 . Carefully increase the rf drive until 
maximum output power is reached (tube 
saturation). Do not increase the drive 
further at this time, as the body current 
will increase to values which can cause ion 
current or damage to the internal structure 
of the klystron and could poison the cathode, 
shortening the klystron's useful life . 

3 . If necessary, adjust the magnet cur­
rent to keep the body current below the 
maximum value specified on the Test Per­
formance Sheet . 

4. Tune the penultimate cavity ( next to the 
output cavity) five or rn ore turns higher in 
frequency ( clockwise) or until the output 
power drops 6 to 10 dB. Do not adjust the 
first or second cavities . If either cavity 
is adjusted at this point, the klystron must 
be synchronously retuned to regain the 
desired frequency. 

CAUTION 
NEVER TUNE THE PENULTIMATE CAVITY 

TO A FREQUENCY LOWER THAN THAT 
WHICH PRODUCES MAXrMUM OUTPUT. 

EXCESSIVE VOLTAGE IN THE PENULTIMATE 
CAVITY AND ARCING CAN RESULT. 

5 . Adjust the output cavity tuning until maxi­
mum output power is obtained . 

6. Raise the beam voltage to the desired 
operating level. 

7. Increase the drive level again until maxi­
mum output is obtained (tube s aturation). 

8 . If necessa ry, adjust the magne t curre nt 
again to make sure the body c urrent stays 
below its maximum rating. 

9. If the output power is too low, retune the 
penultimate cavity for maximum output 
power. Tune clockwise first to increase 
the cavity frequency. If the output power 
decreases, then tune counterclockwise until 
maximum output power is obtained. 

10 . Readjust the output cayity tuning a11d mag11et 
current for maximum output power. The 
magnet current should be within ± 10% of 
the ope rating value indicated on the Test 
P e rformance Sheet . 
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11. F inally, adjust the output coupling for 
maximum output power; then increase the 
coupling until the output power reduces 
between 5 and 10%. (See F igure 28) . 
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Adjustment of output coupling control. 

Broadband Tuning 
for Visual Service 

Before attempting to tune the klystron for 
visual service, refer to the transmitter manu­
facturer's manual . 

Figures 29 through 32 illustrate the relative 
output power response to be expected at various 
stages during tuning under grey-level conditions. 

A general broadband tuning procedure is to: 
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1. Synchronously tune the klystron to the 
desired visual carrier frequency, as des­
cribed above. The output power response 
should be similar to Figure 29. 
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Res ponse curve with synchronous tuning . 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

100 

S 80 
a.. 
1-
::, 
0 ',,- CAVITIES 1,2 ANO 4 
Q:: 60 
w ~ ;;:: 
0 
a.. I ~ CAVITY 3 
w 40 
2! I 

'\ 
I"-- "' ~ t-~ ....._ 

1-
<l _, 

,. 
~ 20 

I \ APPROX-
I \ I dB 

L/ "-+--.1 
0 
-5-4-3-2 - I le I 2 3 4 5 6 7 8 9 10 

FREQUENCY (MH z) 

Figure 30 
Output response with the penultimate cavity 
tuned " Milz above the carrier frequency. 

2 . Detune the penultimate cavity approxi­
mately 5 MJ-lz above the carrier frequency . 
See Figure 30. 

3 . Detune the second cavity 1- 1/2 MHz below 
the carrier frequency for the response 
shown in Figure 31. 
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Figure 31 

Response obtained when both penultimate 
and second cavities are detuned . 

4 . Detune the first cavity about 2 MHz above 
the carrier frequency . This should 
produce a response curve s im il::tr to 
Figure 32 . 

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

6 . Increase the drive power until the desired 
output power is reached, i. e . , mid-char­
acteristic level , full peak power level, 
or other level s uggested by the trans­
mitter manufacturer . 
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Figure 32 
Response obtained when first, second, 
:l.lld penultimate cavities are detuned . 

7 . Adjust the individual cavities to make 
m inor bandpass corrections: input or 
output cavities for slope, second and/or 
third cavities for edµ;e effect and "holes" . 
Tr this is done carefully under swept con­
ditions. no additional cavity tuning is 
needed when a stairstep or multi-burst 
s ignal is applied to the carrier . 

cl . Adj ust all load couplers until the response 
shown in F igure 33 is obtained. Note that 
the bandpass is (lat and linear between 
wh ite and blanking level s but peaks to­
ward the vis ual carrier at peak-of-sync 
and saturat ion . 
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Fi gure 33 

Output response for a klystron properly 
t uned for visual service . 

For your guidance, Figures 34 through 37 
show the various response curves wh ich may 
result from improper loading . The usual cause 
for each curve is included under each figure . 
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Figure 34 
Second cavity is too lightly loaded or 
the third cavity is too heavily loaded. 
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Figure 35 
Third cavity is too lightly loaded or the 

second cavity is too heavily loaded. 
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Figure 36 
First and/or second cavity are too heavily loaded. 
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Figure 37 
First cavity Is too lightly loaded or 
the drive coupling needs adjusting. 

9. Adjust the output coupling until maximum 
output power is obtained; then increase 
the coupling until the output power reduces 
between 5 and 10%. Refer to Figure 28 . 

Your klystron is now tuned for use as a final 
visual amplifier . 

Balancing Two Klystrons 
for Visual Service 

Each klystron should be tuned and set for 
operation individually, as described in the 
previous section. Final adjustments are for 
combined operation and are easy to make . 

The purpose of these final adjustments is to: 

1. Match the gain slope of the two klystrons 
while they are be ing 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 loads. 

One procedure is as follows: 

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

2 . Drive the 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 
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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
m um power in the loads. 

5 . If the power of the individual klystron does 
not increase at a uniform rate, small 
adjustments of the second or penultimate 
cavity 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, 

19 

etc. Tuning in this manner will result in power 
being dissipated in the balance load. If the indi­
vidual klystrons 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 correct . At this point, minor adjust­
ment of the second, or penultimate cavity of 
either klystron will balance the combined output . 

In e ither case, the amount of adjustment to 
e ither 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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TROUBLES HOOT ING 

The following information maybe 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 s imple 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) Li T 

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

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

water temperature in !JC 

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 
dam age to the klystron. 

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

Failure to do so will cause klystron instability 
and overheating. 

CAUTION 
ALWAYS BY-PASS KLYSTRON AND 

MAGNET WHEN BACK-FLUSHING 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 emiss ion end-of-life . Low em is ­
sion can sometimes be temporarily overcome 
by increasing the heater power 5 to 10%. 

Magnet Voltage. for a given current through 
Lhe magnet coils can be used to indicate 
mag11et c ircuit malfw1ctions . Increases in 
voltage may signal coolant problems or loose 
connections. Decreases in voltage may result 
from shorts . The causes for these voltage 
changes must be corrected, since uniform 
current is not passing through all the mag11el 
coils a nd the klystron can be damaged be­
cause or reduced magnetic fie ld . 

fl F Output "Power measured at both ends of 
the rf o utput transm lss ion 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 fail ure . 

SYMPTOM 

HIGH BODY CURRENT 

Symptoms and Causes 
CAUSE 

LOW OUTPUT POWER 

1 . Magnet current set too low . 

2. Magnetic materials too close to tube. 

3 . Rf drive power level set too high and tube is operat­
ing in overdriven region. 

4 . Poor beam optics due to low heater voltage . 

5. Centering plate improperly adjusted. 

1 . Low beam current . 

2 . Rf drive power level set too low. 

3 . Tube not properly tuned. 

4 . Improper magnetic field . 

5 . High VSWR between klystron and load. 

G. Output coupling loop improperly adjusted. 

20 

I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SYMPTOM 

LOW BEAM CURRENT 

NO BEAM CURRENT 

NO HEATER CURRENT 

HrGH HEATER CURRENT 

THERMAL DETUNING 

RF LINE AND KLYSTRON CAVITY 
ARCING 

FIBST CAVITY WILL NOT TUNE 

OUTPUT OR PENULTIMATE CAVITY 
WILL NOT TUNE 

CAUSE 

1. Low beam voJ tage . 

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. (If 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 coa..xial transmission 
line. 

2, High VSWR in rf output coaxial transmission line . 

3 . Flange connections are poor . 

4. Output coupl ing loop undercoupled . 

1. Melted drift tubes caused from magnetic field failure . 

2. Input coupling loop improperly adjusted . 

3 . Defective input power cable . 

4. Defective input powe1· coupler . 

5 . No drive power. 

1 . Rf drive level is set too high . 

2 . Cavity tuned too far from driver frequency. 

3 . Melted drift t ubes caused from magneticfieldfailure. 
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SYMPTOM 

TUBE OSCILLATES 

NARROW BANDWIDTH 

LIQUID COOLANT BOILING - BODY, 
COLLECTOR, AND/OR MAGNET 

LOW GAIN 

ABNORMAL OR NONSYMMETRICAL 
BANDPASS RESPONSE 

AC/DC OVERLOADS 
(INTERNAL ARCING) 

CAUSE 

1. Rf input and output com1ections not terminated 
properly. 

2 . High VSWR in rf output coaxial transmission line . 

3 . Penultimate cavity tuned too close to carrier 
frequency . 

4. Output coupling loop undercoupled. 

1. High VSWR in rf output coaxial transrn ission liue . 

2 . Improper tuning of tube . 

3 . Defective cavity loads. 

1. Water flow too low or coolant channel blocked . 

2. Inlet coolant temperature too high . 

3 . Coolant contaminated. 

4 . De input power too high . 

1. Tube is improperly tuned. 

2 . Beam voltage set too low . 

3. Improper magnet current. 

1. Rf drive level set too high. 

2 . Cavities improperly tuned . 

3. High VSWR in output coaxial transmission line . 

4 . Improperly aligned driver. 

5 . Improper adjustment of load couplers . 
(See Figures 34 through 37 .) 

1. Transient in power s upply . 

2 . Heater voltage set too low. 

3 . Beam voltage set too high . 

4. High VSWR in out1)Ut coaxial transmission line . 

5. Tube down to air. 
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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. If the failure is listed 
below, check the system as indicated. 

FAfLURE 

OPEN HEATER 

BROKEN OUTPUT CERAMIC 

MELTED DRIFT TUBE 

BROKEN PENULTIMATE 
CAVITY CERAMIC 

CHECK FOR 

1. Broken tube ceramic. 

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 . High VSWR in rf output coaxial transmission line . 

3 . Poor flange mating. 

4. Mechanical stress at tube ceramics. 

5 . Damaged components in coaxial transmission line. 

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

7 . Loss of cavity cooling air . 

1. Discoloration of the paint around the body . 

2 . Excessive drive power. 

3 . Low or no body coolant 11ow. 

4 . Body coolant inlet temperature too high . 

5 . Inadequate magnetic field . 

6 . Defective power supply circuit breakers . 

1. Penultimate cavity tuned at or through resonant 
frequency, to a lower frequency . 

2 . Excessive drive power . 

3 . Loss of cavity cooling air. 
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@varian 
palo alto tube division 
611 hansen way 
palo alto, california 94303 
(415) 493-4000 2967 

• 

2 / 73 Printed Jn U.S.A. 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com



