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The Mullard technical handbook system....

The Mullard Technical Handbook is made up of four sets of
Books, each comprising several parts:-

Book 1 (lightblue)  Semiconductor Devices

Book 2 (orange) Valves and Tubes

Book 3 (green) Components, Materials and Assemblies

Book 4 (purple or Integrated Circuits
dark blue)

Book 2, Valves and Tubes, comprises the following

parts:-

Part 1a
Part 1b
Part 1c
Part 1d
Part 2a
Part 2b
Part 2c

Part 3

Part 4a
Part 4b
Part 4c
Part 4d

Picture tubes and components
Cathode-ray tubes

Monochrome tubes and deflection units
Wirewound components for tv and monitors
Plumbicon camera tubes and accessories
Geiger-Muller tubes

Vidicon and Newvicon camera tubes and
deflection units

Photo and electron multipliers

Tubes for r.f. heating

Transmitting tubes for communications
High-power klystrons

Magnetrons



........a comprehensive data library

Most of the devices for which full data is given in these
books are those around which we would recommend equipment
to be designed. Where appropriate, other types no longer
recommended for new equipment designs but generally
available forequipment production, are listed separately. Data
sheets for these types may be obtained on request. Older devices
for which data may be obtained on request are also included in
the index of the appropriate part of each book.

Because the Technical Handbook system forms a
comprehensive data reference library the current Mullard Quick
Reference Guides should always be consulted for details of the
Mullard preferred range.

The data contained in these books is as accurate and up to date
as possible at the time of going to press. It must be understood,
however, that no guarantee can be given on the availability of the
various devices, or that their specifications may not be changed
before the next edition is published.

Each part is reviewed regularly, and revised and re-issued where
necessary. Revisions to previous data are indicated by an arrow in
the margin.

Requests for copies of Quick Reference Guides and individual
data sheets (please quote the type number) should be sent to:-

Technical Publications Department, Mullard Limited,
New Road, Mitcham, Surrey CR4 4XY. Telex 22194.

Prices and availability information for Mullard components
should be obtained from Mullard House, or from one of the
Mullard Distributors listed on the back cover.



 The Mullard Data Base

For the equipment designer,
technical information on
electronic components is
vital. Mullard market the
widest range of components
in the U.K., supported by a
comprehensive information
service — the Mullard Data
Base.

Brief details are given
here. For further informa-
tion and an order form,
please write to:-

The Technical
Publication Department,
Mullard Limited,

New Road, Mitcham,
Surrey CR4 4XY.

Regular Publications

Mullard Bulletin

A must for designers, this
bi-monthly, newspaper-style
publication briefly describes
new components and offers
further information on subjects
of interest.

Consumer Electronics

A review, in newspaper style,
published every four months.
Articles and features of
interest to those in the
consumer electronics industry,
with emphasis on television
technology and allied subjects.

Bulletin

: RINGER
S g

Technical Publications,
Brochures, Leaflets
and Catalogues

Mullard publish hundreds of
publications on components
and their application.

Make sure your name is on
the mailing list for the Mullard
Bulletin, which describes and
offers new publications.

Prestel Too!

All Mullard publications can be

ordered directly via Prestel.
The Mullard Data Base

begins, on page 556201.




Electronic Components
and Applications

A quarterly technical journal
covering, in depth,
developments in electronics
based on the work of Philips,
Signetics and Mullard
laboratories. Please ask

for a sample copy and
subscription form.

Quick Reference Guide
All products marketed by
Mullard are listed alpha-
numerically and described
briefly in our Quick
Reference Guide.

Technical Data Service
This service provides detailed,
up-to-date information on the
characteristics and perform—
ance of Mullard components.

Subscribers to any or all of
the four handbook sections
receive all relevant hand-
books, looseleaf binders,
monthly mailings of new data
sheets, and new handbook
parts as they are published.

For those not wishing to
subscribe to the Data Service,
handbook parts can be pur-
chased individually.

Individual data sheets are
available free-of-charge, and
can be obtained by quoting
the type number.

MeQratets cevita
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Mullard Data Base:
Prestel 556201
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GENERAL SAFETY
RECOMMENDATIONS

ELECTRONIC TUBES

1. GENERAL

When properly used and handled, electronic tubes do not constitute a risk to health or to the
environment.

However, certain hazards may arise and it is important that the following recommendations are
observed. Care should be taken to ensure that all personnel who may handle, use or dispose of these
products are aware of the necessary safety precautions.

Individual product data sheets may indicate if any of the specific hazards given in sections 2 to 9 are
likely to be present.

1.1 Breakage

If a tube is broken or otherwise damaged, precautions must be taken against the following hazards
which may arise:

- Broken glass or ceramics (see section 4). Protective clothing such as gloves should be worn.

- Contamination by toxic materials and vapours. In particular skin contact and inhalation should be
avoided.

1.2 Disposal -

These products should be disposed of in accordance with relevant legislation; in the United Kingdom
the Deposit of Poisonous Waste Act 1972 and the Control of Pollution Act 1974 apply. Most electronic
tubes contain toxic materials, therefore, particularly when disposing of large quantities, the advice

of the manufacturer’s service department should be sought.

1.3 Fire

Electronic tubes themselves do not present a fire hazard.

However, since most packaging materials are flammable, care should be taken in the disposal of such
materials; some of which will emit toxic fumes if burned.

If packaged tubes are involved in a fire, implosion may occur (see section 7), together with the
consequent release of toxic vapours and materials.

2. X-RADIATION

All high voltage electronic tubes produce progressively more dangerous X-rays as the operating voltage
is increased. The tube envelope usually provides limited protection; however, further shielding may be
required in the equipment if the voltage exceeds 10 kV. Should such shielding be required to reduce
the X-ray dose rate to below the permitted limit of 0.5 mR/h, this will be indicated on the individual
data sheets.

Under some equipment fault conditions, the X-ray hazard may be considerably increased.

This hazard may be present only when the tube is energized.

3. RADIO FREQUENCY (R.F.) AND MICROWAVE RADIATION -

Exposure to r.f. fields may be a hazard even at relatively low frequencies. Absorbtion of r.f. energy by
the human body is dependent on frequency. Although at frequencies below 30 MHz most energy
passes straight through the body with little heating effect it may still represent a hazard. At microwave
frequencies a power density above 1 mW/sq cm may comprise a definite hazard, particularly to the
eyes.
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GENERAL SAFETY
RECOMMENDATIONS

3. RADIO FREQUENCY (R.F.) AND MICROWAVE RADIATION (Continued)

For this reason care should be exercised when using r.f. and microwave tubes. All r.f. connectors and
cavities must be correctly fitted before operation so that no leakage of energy may occur and the r.f.
energy must be coupled €fficiently to the load. It is particularly dangerous to look into open wave-
guide, coaxial feeders or transmitter antennae while the tube is energized.

Power klystrons must not be operated without a suitable load at the output and at any intermediate
cavities.

Screening of terminal insulators on some high power tubes may be necessary.

This hazard may be present only when the tube is energized.

4. BERYLLIUM OXIDE CERAMICS

The insulators of some microwave power tubes are made of beryllium oxide. Beryllium oxide dust is
toxic if inhaled or if particles enter a cut or an abrasion. Avoid handling beryllium oxide ceramics; if
they are touched the hands must be thoroughly washed with soap and water. Do nothing to beryllium
oxide ceramics which may produce dust or fumes.

All tubes containing beryllium oxide are marked as such. Care should be taken upon eventual disposal
that they are not thrown out with general industrial waste. Devices requiring disposal may be handled
by the manufacturer’s service department. Users seeking disposal of tubes incorporating beryllium
oxide ceramics should first take advice from the manufacturer’s service department.

This hazard is present at all times from receipt to disposal of tubes.

5. CADMIUM COMPOUNDS

Cadmium compounds are toxic. In the event of accidental breakage, cadmium dust may be released.
Gloves should be worn and the dust should be mopped up with a damp cloth. On disposal the cloth
should be sealed in a plastic bag and the hands thoroughly washed with soap and water.

Controlled disposal of tubes containing cadmium compounds should be conducted in the open air or
in a well ventilated area.

Inhalation of cadmium dust must be avoided.

This hazard is present, if breakage occurs, at all times from receipt to disposal of tubes.

6. MERCURY

Mercury is a toxic substance, especially in the vapour phase. Shouid breakage occur, gloves should be
worn and all droplets brushed up as soon as possibie and placed in an airtight container for disposal.
Afterwards the hands must be thoroughly washed with soap and water. Direct contact with the skin
should be avoided.

This hazard is present, if breakage occurs, at ail times from receipt to disposal of tubes.

7. IMPLOSION — HANDLING OF TELEVISION PICTURE AND CATHODE RAY TUBES

All vacuum tubes store potential energy by virtue of their vacuum. The energy level is low in small
tubes but represents a hazard in the larger sizes of tubes.

Some modern tubes are provided with integral implosion protection which conforms to |EC65,
clause 18. With these tubes, no additional protection is needed. For those tubes without integral
implosion protection, precautions taken during manufacture reduce the possibility of spontaneous
implosion to a minimum. However, additional stresses due to mishandling may considerably increase
the risk of implosion. Implosions may occur immediately or may be delayed.

The strength of the glass envelope will inevitably be impaired by surface damage, such as scratches or
bruises (localized surface cracks caused by impact). When a tube is not in its equipment or original
packing, it should be placed faceplate downwards on a pad of suitable ribbed material which is kept
free from abrasive substances.

Under no circumstances should any attempt be made to move the bonded faceplate or integral
implosion protection band when fitted to a tube.
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GENERAL SAFETY
RECOMMENDATIONS

Electronic tubes

Stresses on the neck of the tube must be avoided. Handle by the recommended methods illustrated for
those tubes which have relatively small necks with large envelopes.

Fig.1 — Lifting tube from edge-down position.

Fig.2 — Lifting tube from face-down position.

Fig.3 — Lifting tube from face-up position.
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GENERAL SAFETY
RECOMMENDATIONS

Tube on one edge

To lift a tube from the edge-down position, one hand should be placed around the parabolic section of
the cone and the other hand should be placed near (slightly below) the centre of the faceplate as shown
in Fig.1 UNDER NO CIRCUMSTANCES SHOULD ANY FORCE BE APPLIED TO THE NECK OF
THE TUBE.

Tube face-down

To lift a tube from the face-down position, the hands should be placed under the areas of faceplate
close to the fixing lugs (if fitted), at diagonally opposite corners of the faceplate as shown in Fig.2.

The tube must not be lifted from this position by the lugs themselves. UNDER NO CIRCUMSTANCES
SHOULD ANY FORCE BE APPLIED TO THE NECK OF THE TUBE.

Tube face-up

To lift a tube from the face-up position, the hands should be placed under the areas of the cone close

to the fixing lugs (if fitted), at diagonally opposite corners of the cone as shown in Fig.3. The tube must
not be lifted from this position by the lugs themselves. UNDER NO CIRCUMSTANCES SHOULD
ANY FORCE BE APPLIED TO THE NECK OF THE TUBE.

If the handling procedures for tubes prior to insertion in the equipment are such that there is a risk of
personal injury as a consequence of severe accidental damage to the tube, then it is recommended
that protective clothing should be worn, particularly eye shielding.

When fitted, lugs are primarily provided for fixing in equipment and must not be subjected to
excessive forces while the tube is being handled. Adequate protection must be provided if there is a
possibility of the tube falling as a result of failure of a lug or lugs.

8 HIGH VOLTAGE — TELEVISION PICTURE AND CATHODE RAY TUBES

Attention is called to the fact that a high voltage may be carried by the internal coductive coating
which is connected to the final anode connector and also by the external coating if not earthed, even
after a tube has been removed from equipment. Anyone handling such a tube may receive an electric
shock which, while generally not dangerous to the person, might cause an involuntary reaction
resulting in damage to the tube which might, for example, be dropped. When it is required to discharge
the tube capacitance, connection should be made via a resistor of not less than 10 k& which is
capable of withstanding high voltages.

In equipment where the chassis can be connected directly to the mains, there is a risk of electric
shock if access can be gained to the metal rimband through the aperture at the front of the equipment.
In order to reduce the magnitude of the shock it is recommended that a 2 MSQ resistor, capable of
withstanding peak voltages of e.h.t. values (as specified in |[EC65, clause 14.1) is inserted between
rimband and the braided earth contact to the external coating. This safety arrangement will provide
substantial separation from the mains.

An appreciable capacitance is formed between the rimband and the internal conductive layer of the
tube. In the event of flashover, high voltages of low energy will be induced on the rimband. In order
to bypass these voltages, an extra-high-voltage low-inductance capacitor of a few nanofarads (in
compliance with |IEC65, clause 14.2) should be inserted between the rimband and the braided earth
contact to the external coating.

9 STRONG MAGNETIC FIELDS

Some electronic tubes use permanent magnets in their operation. When handling or mounting such
tubes, a distance of at least 5 cm should be maintained between the magnet and any piece of magnetic
material to avoid mechanical shock to the magnet or to the glass or ceramic seals. For this reason it is
recommended that non-magnetic tools are used during installation, such as non-magnetic stainless
steel, brass, beryllium copper and aluminium. Furthermore, the user should be aware of the detrimental
influence of the strong magnetic field around the magnet on compass, electrical meters, watches and
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GENERAL SAFETY
- RECOMMENDATIONS

Electronic tubes

other precision instruments.

Packaged tubes must be stored in such a way as to prevent a decrease of the field strength of the

magnets due to interaction with adjacent magnets. Unless otherwise stated on the data sheet, a
minimum distance of 15 cm should be maintained between the tubes.

The best protection for the tube is its original packing because this ensures an adequate spacing
between the tubes and ferrous objects, and moreover protects the tube against reasonable vibration
and shock. Despite this controlled spacing, magnetically-sensitive instruments such as compasses,
electrical meters, watches and other precision instruments should not be brought close to a bank of

packaged tubes.
UNPACKED PERMANENT MAGNET TUBES SHOULD NEVER BE PLACED ON STEEL BENCHES

OR SHELVES.
SAFETY RECOMMENDATIONS
SUMMARY
& %
S Neelee 1 &1 |8 ) FLE
HAZARD: Flgselan | 88 |3 S [ &%
F /o835 |51 & LB | &80
X [g¢8/ &% [ 3 £ £ .8
<u 5/ 8 &
& 8
TELEVISION PICTURE AND
CATHODE RAY TUBES X X X X
RECTIFIERS X
THYRATRONS X
TRANSMITTING TUBES X X
HIGH POWER KLYSTRONS X X X
MAGNETRONS X X
TRAVELLING WAVE TUBES X X
IGNITRONS X
Y ] L3 0 © A ] (&)
REFER TO: S S S SH e SRR S/
5 & S = & & &
£/ s [ 5[ &]&) s &[S

Safety recommendations under the heading GENERAL (section 1) refer to all electronic tubes.

W ﬂarch 1984






SELECTION GUIDE

U.H.F. POWER KLYSTRONS

type status cooling output power, peak sync. frequency range
kW MHz
YK1001 M FA 1 470 to 860
YK1002 M W, FA 1 470 to 860
YK1151 M FA 25 470 to 860
YK1190 M V/VC/W 45 470 to 610
YK1191 M V/VC/W 45 590 to 720
YK1192 M V/VC/W 45 710 to 860
YK1198 M V/VC/W, FA 60 c.w. 600 to 800
YK1220 C V/VC/W, FA 16.5 470 to 860
YK1223 P V/VC/W, FA 16.5 470 to 860
YK1230 Cc V/VC/W, FA 27 470 to 860
YK1233 P V/VC/W, FA 27 470 to 860
YK1263 P V/VC/W, FA 58 470 to 810
YK1265 P V/VC/W, FA 64 470 to 810
YK1295 C V/VC/W, FA 58 470 to 610
YK1296 (e V/VC/W, FA 58 590 to 720
YK1297 Cc V/VC/W, FA 58 710 to 860
HIGH-POWER KLYSTRONS
output power

type status cooling c.w. pulse centre frequency

kW kW MHz
YK1240 P w - 330 1300
YK1250 P W 400 - 999.3
YK1300 P W 600 - 499.7
YK1301 P w 800 - 499.7
YK1302 P V,FA 800 — 508.6
YK1303* P V,FA 1000 - 508.6
YK 1305 P w 350 - 499.7
YK1350 P W 1000 - 352.21
PULSED POWER KLYSTRONS
type status cooling output power gain frequency

kW dB MHz
YK1110 C w 6000 30 2998 + 5
YK1510 P W 20000 4 S-band
YK1511 P w 20000 44 S-band
YK1512 P w 20000 44 S-band
YK1600 N w 35000 53 2998.5
S.H.F. POWER KLYSTRONS
type status cooling output power gain frequency range

kW dB MHz
YK1210 Cc FA 1:15 50 11800 to 12200

COOLING: FA = forced air; W = water; V = vapour; VC = vapour condensation.

* Data available on request.
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CLASSIFICATION

The devices are classified as follows:

N = New type. Recommended for new equipment design. Data sheets contain advance information
and specifications are subject to change without notice.

Preferred type. Recommended for equipment design; production quantities available at date of
publication.

P

C = Current type. No longer recommended for equipment design; available for equipment production
and for use in existing equipment.

M = Maintenance type. No longer recommended for equipment production; available for maintenance
of existing equipment.

O = Obsolescent type. Available until present stocks are exhausted.

Obsolescent types of which all stocks are exhausted are called obsolete; any data still published on
these types is for reference purposes only.
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GENERAL

LIST OF SYMBOLS

1. Symbols denoting electrodes and electrode connections
Anode

Accelerator electrode

Collector electrode

Filament or heater

Filament or heater tap

Grid

Tube pin which must not be connected externally
Cathode

Resonator

Helical electrode

2. Symbols denoting voltages
Remarks

a. In the case of indirectly heated tubes the voltages on the various electrodes are with respect to the
cathode; in the case of directly heated, d.c. fed tubes, with respect to the negative side of the
filament; and in the case of directly heated, a.c. fed tubes, with respect to the electrical centre of the

filament, unless otherwise stated.

b. The symbols quoted below represent the average values of the voltages concerned, unless otherwise

stated.
Anode voltage
Anode voltage in cut-off or in cold condition
Accelerator voltage
Supply voltage of tube electrodes
Collector voltage
Filament or heater voltage
Filament or heater starting voltage
Voltage between focusing electrode and cathode
Grid voltage
A.C. input voltage
Inverse voltage
Voltage between cathode and heater
A.C. output voltage
Peak value of a voltage
Resonator voltage
Voltage on helical electrode

December 1985
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GENERAL

3. Symbols denoting currents
Remarks

a. The positive electrical current is directed opposite to the direction of the electron current.

b. The symbols quoted below represent the average values of the currents concerned, unless otherwise

stated.
Anode current
Accelerator current
Collector current
Filament or heater current
Filament or heater starting current
Peak filament or heater starting current
Grid current
Cathode current
Peak value of a current
Resonator current

Current to helical electrode

4. Symbols denoting powers
Anode dissipation
Collector dissipation
A.C. driving power

Grid dissipation

Input power

D.C. anode supply power
Peak input power
Output power

Peak output power
Resonator dissipation

5. Symbols denoting capacitances

Measured on the cold tubes.

Capacitance between anode and all other elements except control grid
Capacitance between anode and grid (all other elements being earthed)
Capacitance between anode and cathode (all other elements being earthed)
Capacitance between a grid and all other elements except anode
Capacitance between a grid and cathode (all other elements being earthed)

la
lacc
Ieoll
It
Ifo
Ifpr Ifsurge
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GENERAL

6. Symbols denoting resistances

External a.c. resistance in anode lead or matching resistance
Filament or heater resistance in cold condition

External resistance in a grid lead

Internal resistance of a tube

External resistance in a cathode lead

External resistance between cathode and heater

7. Symbols denoting various quantities
Bandwidth

Noise factor

Frequency

Pulse repetition rate

Power gain

Magnetic field strength

Height above sea level

Pressure drop of cooling air or cooling water
Required air flow or water flow for cooling
Transconductance

Temperature of anode or anode block

Ambient temperature

Averaging time of current or voltage

Inlet temperature of cooling air or cooling water
Pulse duration

Outlet temperature of cooling air or cooling water
Time of rise of voltage

Cathode preheating time, also called waiting time;
the minimum period of time during which the heater
or filament voltage should be applied before the
application of electrode voltages

Rate of rise of voltage

Voltage standing-wave ratio
Reflection coefficient

Duty factor

Efficiency

Wavelength

Amplification factor
Temperature, relative
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GENERAL

Af/AT

fimp
Afp

imp

TUBES FOR MICROWAVE EQUIPMENT
DEFINITIONS

Bandwidth.
The temperature coefficient Af/AT is the change of frequency with temperature.
Pulse repetition rate.

The pulling figure Afy is the difference between the maximum and minimum frequencies,
reached when the phase angle of the load with a VSWR of 1,5 is varied from 0° to 3600°.

Magnetic field strength.

The pulse duration tjmp is defined as the time interval between the two points on the
current pulse at which the current is 70% of the smooth peak current (see Fig.1).
7284323.4V1

100%

10% Fig. 1 Current pulse.
lap

t

timp

The smooth peak is the maximum value of a smooth curve through the average of the fluctuation over
the top portion of the pulse.

try
Ta
VSWR

dv,/dt
or
AV /Aty

Vﬂ

The time of rise of voltage tyy is defined as the time interval between points of 10 and 90
per cent of the smooth peak value measured on the leading edge of the voltage pulse.

Temperature of anode or anode block.

The voltage standing-wave ratio in a waveguide is the ratio of the amplitude in the electrical
field at a voltage maximum to that at an adjacent minimum.

Unless otherwise stated the rate of rise of voltage dVa/dt is defined by the steepest
tangent to the leading edge of the voltage pulse above 80% of the smooth peak value
(see Fig. 2).

72843221

100%
80%

Vap Fig. 2 Voltage pulse.

t

The duty factor & is the ratio of the pulse duration to the time between corresponding
points of two successive pulses.

December 1985



w/gp u NOILYNNILLY

3AINOIAYM

3AIND3IAVM

z
o
L puBAZIMG 'YAINID
N aqualeA ap ani A_‘
L (12n3] eas je z ‘xoidde jo 10joe) Alojes) UOISSIWIWOY [2DIUYDDI01103|F [RUOHRUIBI| By} JO BOIHO |BAUBD ITo)
G wo 4ad S}{OA 00Q'G| 4O JIB JO UMOPYEAIQ UO Paseq ,, 1 WOy |GRUIRIQO BJE SUOHEPUBWIWOIEY DI %
ol
11000 — 21000 — 125 €98l - - — — 9280 | 1591 - | = — um | 6zom | ooviy | oeLi— owil z
92000 — 81000 - 8¢ ol 500 s0e | 90 0200 9l0L | ze0e — | = — |8 um| scom| oociw | oowmi— zze =
17000 — 0£00'0 - iz 988 500 oee | L5 0200 oz | ovse -1 = — o um | zom| o6 6 | oz- ses
09000 — Zv00'0 ~ €02 9z 500 8se | £1s 0200 6051 | 660€ — | = — |zt um | ozom| oz v | 16— s09
06000 — £900°0 — 251 665 500 16€ | 6L 0200 08l | 6aLE — | = — | s um | scom| o b | st — sew
5100 — 1100 — 090'1 [T 500 wy | 189 0200 8887 | SLLY — | = — |61 um | vzom | oos 4 | 96s — zee
0200 — 100 — 5180 S6e 500 88t | oLl 0200 Sv8C | 069G — = — |2z um | szom| oov b | vos — eze
1£00 — 2200 — £850 91e 500 655 | vi6 0200 9ssE | ziiL — 1 = — ez um | zzom| oz 6 | oov — voz
8600 — ¥E00 - Ger0 L9z 500 se9 | 1901 0200 gley | 9898 - = — [ ve um | 1zom| ooz u | oee - 11z
8500 — €400 - 080 iz 500 se9 | ozl 200 BlEw | 89901 | — | 12t | €5 | ev UM | 0zOM| oz ¥ | 19z — 91t
1000 — 0800 — 8620 vl 500 158 | 66b! 9200 iva |vsezt | — | — — |5 um | etom| o8t b | ozz— swi
910 — 210 — 910 Zvl 500 €66 | €871 €00 668, | 661Gt a | — 6 | 29 UM | SLOM | Ovl W | o8l — 611
€20 — 110 — €10 m 500 902l | 6512 800 szs6 |os06l | W | — — oz um | ziom| oz b | ost —se
620 — 020 £vio oto | 86 500 orzl | ovse 900 0910i | 0982z | X | 19 25 | 06 UM | 9tOM | 00l H | szt — z8
€0 — €60 — 5210 izolL | avez s6zL| ossz| 1 | oee | — | zoiEm — — 0011 —00°L
90 — S0 €010 6100 | 687 1500 egsl | soie | /500 veazt |eovez | H | 89 IS | ziiem | Siom| v8 u | 666 — 159
110 — 950 500 91500 | 99 0200 06l | oiee 000 66151 | SBYE i /srum | viom | oL w | L8 —ees
01— 6L0 9500 18900 | 1S 1800 | wwez | voey 1800 €610z | 6c0v | O | — — |esium | siom| s 8 | sor —vov
L~ 60 9900 S5e00 | ELb 5600 ovsz | 080s 4600 evizz| ssv| O | s 6 | (8LUM | ZLOM | 8 o | 665 — w6t
zz— 91 2800 6v200 | (8¢ z10 £eze | 2r'lo 210 eg06z | L85 | v | — — | 6zzum | viiom| ov u | oev —eze
ze — @2 5200 68100 | <€ 10 otge | 0zt vi0 vove | vize | S | sl 8 | v8ZHM | 0LOM | 2 d | s6€ —o092
gy —  bE 8100 8EL00 | 192 1o velv | ero6 1o BlEv | 9698 | — | et | 2t | ovEWM | V6 OM| 92 © | oge —LiT
sL— s €100 026000 | 902 00 1985 | seelt|  zzo 19vs | zzeot| — | sor vOL | OSPHM | 8 9M | ez H | 192 —art
ol—  s. 0100 | 65000 | it 020 €889 | 09€E! 920 (v vseet| a | — — |oisum | 2 om| 8 8 | ozz —svt
ou— ozl 1000 | 225000 | 9El 020 1998 | 9169l ££0 sozg | oisot] 1 | eoi | 69 | 0soWm | 9 om | vt W | st —wit
MW anjen anjen ) F ww | ww F ww | ww [x3ud | woe | sseiq | vwizy | ‘anvis |.oarest zHD
Aouanbaiy wnwixep | [2ana10ay] | Kouanbaiy|ybiay pue yipm | aybiay | yiptm | 1y61ay pue yipim | 3yBIaH | wpIM | aNvE n/ -od HSILIH48 LO3I€S1
159yb1y 03 3s9MO| uo 3dURIBO) uo 3dued|O | NVI apow -0l3)
}-UU:_.WWL ngcwh »cou_uﬁuw_rﬂﬁﬁ 104 EOWuUﬂcmn.vmemeu—hmaq.o :O_unvwm‘ww“vnsmumnﬂr_:_ NOUVNDISIA 30NDIAVM )OW‘W——“MMEM

SNOILVNOIS3A ANV V.1Vad JANO3IAVM HVINONV.LO3Y




GENERAL

FLANGE DESIGNATIONS

FLANGE DESIGNATION
FOR PLAIN FLANGE CHOKE FLANGE
WAVEGUIDE JAN JAN
153 - IEC* 154 - IEC UG /U 154 - IEC UG /U
Brass | Aluminium Brass | Aluminium
R 14 PDR 14 417A 418A
R 18 PDR 18
R 22 PDR 22 435A 437A
R 26 PDR 26 553 554
UER 32 PDR 32
R 32 PAR 32 UAR 32 83 584 CAR 32 54A 585A
R 40 UER 40 PDR 40
PAR 48 PDR 48
R 48 UAR 48 UER 48 149A 407 CAR 48 148C 4068
PAR 58 PDR 58
R S8 | UAR 58 UER 58 ChR BB
PAR 70 PDR 70
R 70 UAR 70 UER 70 344 441 CAR 70 | 343B 4408
PBR 84 PDR 84
R 84 UBR 84 UER 84 51 138 CBR 84 52B 137B
PBR 100 PDR 100
R 100 UBR 100 UER 100 39 135 CBR 100 408 1368
R 120
R 140 PBR 140 UBR 140 419 CBR 140 541A
R 180
PBR 220 UBR 220
R 220 PCR 220 595 597 CBR 220 596A 598A
R 260 PCR 260
PBR 320 PCR 320
R 320 UBR 320 599 CBR 320 | 600A
R 400 PCR 400 383
R 500 PCR 500 PAR 500
R 620 PCR 620 PFR 620 385
R 740 PCR 740 PFR 740 387
R 900 PCR 900 PFR 900
R 1200 PCR1200 PFR 1200
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GENERAL

IEC

Waveguide flanges covered by |EC recommendation shall be indi-
cated by a reference number comprising the following information:

a. the number of the present IEC publication.

b. the letter ""IEC"’,

c. a dash.

d. a letter relating to the basic construction of the flange

P = pressurable
C = choke, pressurizable
U = unpressurizable

e. a letter for the type according to the drawing. Flanges with the
same letter and of the same waveguide size can be mated.
f. the letter and number of the waveguide for which the flange is de-

signed.
UNPRESSURABLE PRESSURABLE CHOKE
14 14
32 32 32
)
o
— - o C1q)
o I °e
20 70 Type A Type D 70 70
Type € 84 84 84
100 100
120 — ~
© (a 9
|
220 1 [
) ) O=70
Type B Type B
320 320 320
500
620
Type F 1200

* |EC Recommendations are obtainable from :

Central Office of the

International Electrotechnical Commission
1, rue de Varembé

GENEVA, Switzerland

May 1985






GENERAL

GENERAL OPERATIONAL RECOMMENDATIONS
KLYSTRONS

1. GENERAL
1.1 Data

The characteristic data, operational data, capacitance values and curves apply to an average tube which
is characteristic of the type of tube in question.

1.2 Reference point of the electrode voltages
If not otherwise stated the electrode voltages are given with respect to the cathode.

1.3 Operational data

The operational data stated in the data sheets do not relate to any fixed setting instructions. They
should rather be regarded as recommendations for the effective use of the tube. On account of the
tolerances prevailing, deviations from the settings stated may occur.

It is also possible to use other settings, for which purpose the graphs can be used for finding the
operational data, or for which purpose interpolation between the settings stated can be performed. If
one wishes to deviate from the settings recommended in the data sheets, one should take great care not
to exceed the permissible limiting values. If appreciable deviations occur, the manufacturer should be
consulted.

A general rule for multi-cavity klystrons is that the accelerator electrode voltage and/or the focusing
electrode voltage must be adjusted so that the cathode current stated will flow.

1.4 D.C. connections

At all times there should be a d.c. connection between each electrode and the cathode. If necessary,
limiting values have been stated for the resistance of these connections.

1.5 Mounting and removal

The instructions relating to each type of tube can be found in the data sheets and the

"Instructions for operation and maintenance”.

The mounting and removal should be effected with extreme care to avoid damage to the tube. This
also applies to rejected tubes, where claims are made under guarantee.

Ferromagnetic parts must not be used in the vicinity of klystrons equipped with a permanent magnet,
as this might have a detrimental effect on the operation of the klystron. If necessary, the ceramic
insulators and windows must be carefully cleaned, as dirt may damage the klystron on account of
local overheating. Naturally the flange of the output cavity must also be thoroughly cleaned so as to
prevent arcing.

The “Instructions for operation and maintenance’’ should in all cases be followed.

1.6 Accessories

Perfect operation of the tubes can only be guaranteed if use is made of the accessories which the
manufacturer designed for the tube.

December 1985
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GENERAL

1.7 Supply leads

The supply leads to the connections and terminals must be of such a quality that no mechanical
stresses, due to differences in temperature or other causes, can occur.

1.8 Danger of radiation

In general the absorption in the tissues of the body, and hence the danger, is the greater the shorter the
wavelength of the h.f. radiation for equal output. The output of klystrons may be so high that injuries
(in particular of the eye) can be inflicted.

Klystrons operated at a high voltage (exceeding 16 kV) may, moreover, emit X-rays of appreciable
intensity, which call for protection of the operators.

2. LIMITING VALUES
2.1 Absolute limiting values

In all cases the limiting values stated are absolute maximum or minimum values. They apply either to
all settings or to the various modes of operation. The values stated should in no case be exceeded,
neither on account of mains voltage fluctuations and load variations, nor on account of production
tolerances in the various building elements (resistors, capacitors, etc.) and tubes, or as a result of meter
tolerances when setting the voltages and currents.

Every limiting value should be regarded as the permissible absolute maximum independent of other
values. It is not permitted to exceed one limiting value because another is not reached. For instance,
one should not allow the limiting value of the collector current to be surpassed while reducing the
collector voltage below the permissible limiting value.

If in special cases it should be necessary to exceed a specific limiting value, it is advisable to consult the
tube manufacturer, as otherwise no claims can be made.

2.2 Protective circuit

To prevent the limiting values of voltages, currents, outputs and temperatures from being exceeded,
fast-operating protective circuits must be provided.

2.3 Drift current
The limiting value indicated for the drift current is an arithmetical mean value.

3. NOTES ON OPERATION
3.1 Operational data and variations

When developing electrical equipment the spread in the tube data must be taken into account; if
necessary, the tube tolerances can be applied for.

With respect to the spread in the operational data and the average values stated in the data sheets it is
recommended that a certain margin be allowed for in the output and input powers when designing
equipment intended for series production.

3.2 Input power, required driving power

In the data sheets the power stated is the input power Wy, fed to the input cavity and measured
between the circulator and this cavity with a 50-ohm resistor serving as a substitute for the load
presented by the cavity.

3.3 Output power
As a general principle the effective output power is stated.

14
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General operational recommendations GENERAL

3.4 Sequence of application of the electrode voltages

With multi-cavity klystrons the electrode voltages must be connected in the order given in the operating
instructions.

3.5 Drift current

When the klystron is driven by an a.m. signal (for instance a video signal), the drift current fluctuates
with the modulation. Consequently, the power supply unit must be designed so as to be suitable for
the peak values occurring, which may be appreciably higher than the arithmetical mean values stated.

4. HEATING
4.1 Type of current

Klystrons can be heated by means of either standard alternating current or direct current. At other
frequencies the tube manufacturer should be consulted.

4.2 Adjusting the heater voltage

The heater voltage generally governs the adjustment of the heating, while the heater current may
deviate from its nominal value within fixed tolerances. The heater voltage should be maintained as
accurately as possible. For measuring the heater voltage a r.m.s. voltmeter is required. This meter must
be directly connected to the filament terminals of the tube and have an inaccuracy < 1,5% in the
voltage range concerned. The indicated measuring value should lie in the uppermost third of the scale.

4.3 Switching on the heater current

If the data sheet does not contain special data concerning the heater current during switch-on, the tube
may be switched on at full heater voltage.

If maximum values are stated for the heater current during switch-on, they relate to the absolute
maximum instantaneous value under unfavourable conditions. In the case of a.c. supply this value will
occur if the tube is switched on at the maximum amplitude of the highest mains voltage. It is possible
to calculate the maximum current during switch-on if the cold resistance and the relationship between
the heater current and the heater voltage is known. In practice a heater transformer more or less acting
as a leakage transformer is mostly used for limiting the starting current, or a choke coil or resistor is
connected in series with the primary of the heater transformer. This choke coil or resistor can be short-
circuited by a relay whose action is delayed by about 15 seconds. By means of a calibrated oscilloscope
it can be checked whether the starting current remains within the permissible limits; the supply lead
may, if necessary, be used as measuring resistance.

5. COOLING
5.1 Forced-air cooling

It is essential that the faces of tubes that are to be cooled by an air-blast should be hit as evenly as
possible by the air stream, so as to prevent large differences in temperature which may give rise to
mechanical stresses. In many cases (in particular with the large types of tubes) an additional air stream
must be directed to the metal-to-ceramic seals. The cooling air is usually supplied from

a fan via an insulating duct. This air should be filtered, so that all impurities and moisture are removed;
in addition to this the radiator must be cleaned at regular intervals. The data concerning the cooling
can be found in the data sheets. The cooling must be switched on together with the heating. After the
klystron has been switched off cooling air must be supplied for some time; this period depends on the
size of the tube and the load. If the cooling of whatever part of the tube is interrupted or if the
quantity of cooling air is too small, the collector voltage and the heating must be switched off auto-
matically.
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GENERAL

5.2 Water cooling

With water-cooled klystrons the cooling equipment is rigidly attached to the tube. If the equipment
should be live, the cooling water must be supplied through insulating pipes, of sufficient length.

The water cooling and air cooling for other parts of the tube must be switched on together with the
heating. The cooling-water circuit must be arranged so that the water always enters at the bottom, no
matter how the tube is mounted. If the pumps should be out of operation, the water jacket(s) of the
tube must always be full. In that case after-cooling may in general be done away with.

In many cases the metal-to-glass or metal-to-ceramic seals require additional cooling by a low-velocity
air flow. |f the cooling-water supply or additional air cooling should fail, the collector voltage and
heating must immediately be switched off. Further cooling data can be found in the data sheets.

The specific resistance of the cooling water must be minimum 20 kQ-cm, the temporary hardness must
be maximum 6 German degrees of hardness. In principle distilled water should be used in the circulation
cooler; to reduce the corrosive effect of the distilled water about 700 mg of 24% hydrazin hydrate and
700 mg sodium silicate must be added per litre. The pH-value should range from 7 to 9.

If frost is to be expected, a standard glycol based antifreeze for cars, like Glysantin should

be added.

5.3 Vapour cooling

The conversion of water of 100 °C to steam of 100 °C requires an energy of 2256 kJ/X.
This energy is extracted from the collector which by this means is cooled very effectively.

The cooling system may be designed asa closed circuit where the steam isducted upwards or downwards

to the applied heat exchanger. Due to a strong deposit of minerals during the continued variation of

the aggregate state, the use of distilled water is absolutely necessary. When commencing operation a
multiple change of the complete cooling water is recommended to dispose deteriorations of the systems.

The loss of coolant during operation is very low (1 € per week approx).
It is obvious, that a vapour cooling system is advantageous only in stationary assemblies and for high

dissipation levels. This, however, yields another advantage of vapour cooling. The energy, generated
in the heat exchanger, can be used very effectively i. e. for heating purposes.

6. STORAGE

Klystrons may only be stored in their original packing and according to the instructions, so as to avoid
damage. For fitting, the tubes must be removed from the packing and directly inserted into the
support. In all cases the “Instructions for operation and maintenance’” must be adhered to.

In the case of prolonged storage the vacuum of high-power klystrons should be checked at intervals of
about three months and improved if necessary, both being possible with the aid of the built-in getter
ion pump and a suitable power supply/test unit. During this operation the heater supply should
preferably be turned on slowly.

16
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RATING SYSTEM

(in accordance with |1EC Publication 134)

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be
exceeded under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental variations, and the effects of changes

in operating conditions due to variations in the characteristics of the device under consideration and of
all other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum
value for the intended service is exceeded with any device under the worst probable operating
conditions with respect to supply variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of all other electronic devices in the equipment.

February 1983

17






v

——

HIGH-POWER KLYSTRONS







MAINTENANCE TYPES YK1001
YK1002

UH.F. POWER KLYSTRONS

Power amplifier klystrons irn metal-ceramic construction for the frequency band 470 MHz to 860 MHz
designed for four external resonant cavities, beam focusing by means of permanent magnets, continuous-
ly operating getter-ion pump and operation with a depressed collector potential. These klystrons are
intended for use as u.h.f. power amplifier in vision and/or sound transmitters for the TV bands |V and V.

QUICK REFERENCE DATA

Frequency range 470 to 860 MHz
Power output 11 kW
Power gain 30 dB
Cooling

YK1001: air-cooled drift tubes and air-cooled collector
YK1002: air-cooled drift tubes and water-cooled collector

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by a.c. or d.c.
Cathode dispenser type
Heater voltage V¢ 75t08.0 V

During operation the applied heater voltage should not fluctuate more than + 3%. It is advised to
operate the klystron at 8 to 8.5 V (including mains fluctuations) during the first 300 hours. The
heater voltage should then be reduced to 7.5 to 8.0 V.

Heater current lf 32(<36)A

The heater current should never exceed a peak value of 80 A when applying an a.c. heater voltage
or 65 A when applying a d.c. heater voltage.

Cold heater resistance Rfo 28 mQ)
Waiting time tw min. 180 s

GETTER-ION PUMP POWER SUPPLY
Pump voltage, unloaded (cathode reference) 4.0 kV
Internal resistance approx. 300 k2
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YK1001

MECHANICAL DATA

Dimensions in mm
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U.H.F. power klystrons YK1002

MECHANICAL DATA

Dimensions in mm
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YK1001

MECHANICAL DATA (continued) : Dimensions in mm
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U.H.F. power klystrons YK1001
YK1002

COOLING

Except collector, applicable up to an air-inlet temperature T; of 40 OC and an altitude of 2500 m
(values refer to air inlet).

Cathode base air, g = approx. 0.5 m3/min

Accelerating electrode air, g = approx. 0.5 m3/min

Drift tubes 1, 2 and 3 air, q = approx. 1.0 m3/min each

Drift tube 4 air, q = approx. 1.5 m®/min

Drift tube 5 forced air, g = approx. 1.5 m3/min
(Ap =900 Pa = 9 mbar)

Cavity TE1066D or TE1067D forced air, g = approx. 2.0 m3/min
(Ap =900 Pa =9 mbar)

Collector YK1001 forced air, see cooling curves Figs 5, 6 and 7

Collector YK1002 water, see cooling curves Figs 9 and 10

MOUNTING

Vertical, cathode up. In order to prevent distortion of the magnetic focusing field ferromagnetic
material should not be used within a radius of 35 cm from the tube axis. All connections should be free
from strain.

MASS (net)

YK1001 approx. 55 kg
YK1002 approx. 45 kg
Total mass of accessories approx. 125 kg
PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

December 1985
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YK1001
YK1002

ACCESSORIES

Heater connector
Heater/cathode connector
Focusing electrode connector
Accelerating electrode connector
Collector connector
Getter ion pump connector
Magnet unit for ion pump
Set of five pairs of focusing magnets
Set of four cavities

for 470 MHz to 790 MHz
or

Set of four cavities
for 700 MHz to 860 MHz

2 magnet field adaptor plates
for collector (YK1001 only)**

Recommended circulators (optional)
470 to 600 MHz
600 to 800 MHz
790 to 1000 MHz

* If the klystron is used under TV trans-

poser conditions replace 2xB by 2xE.

** Qperation for vision and sound trans-

mitter without depressed collector
voltage.

type 40649
type 40649
type 40634
type 40634
type 40634
type 55351

type TE1053
type TE1065 (2xA, 2xB, 2xC, 2xD, 2xE)*

type TE1066 (3xA, 1xD)

type TE1067 (3xA, 1xD)

type TE1073

2722 162 01551 (T100/1V-N)
2722 162 01561 (T100/V-N)
2722 162 03261 (T100/V-3-N)

coll

TE1073%*
focusing\) ’ \ (
magnets
TE 1065 D E | drifttube 5
E_ = cavity 4
- TE 1066 D or TE1067D
TE 1065C E I H drift tube 4
E — cavity 3
= TE 1066 A or TE 1067A
TE 1065E : | H drift tube 3
E_ ] cavity 2
— — TE 1066 A or TE 1067A
TE 1065 B [ | H drift tube 2
* .
[: = == cavity 1
T TE 1066 A or TE1067A
TE 1065 A [ | H drift tube 1
- == 4CC
r—~ =—f— foc
o=f— getter-ion pump
f fk
VX 722836
Fig. 4.
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U.H.F. power klystrons

YK1001
YK1002

LIMITING VALUES (Absolute maximum rating system)
Heater voltage

Cathode voltage

Cathode voltage at zero current

Depressed collector voltage

Cathode current
Accelerating electrode voltage
Series resistance in accelerating electrode circuit

Negative focusing electrode voltage*

Drift tube current**

Collector dissipation

Load VSWR

Pump voltage

Pump current (see Fig. 8.)

Temperature of
cathode base and accelerating electrode
drift tubes 1,2 and 3
drift tubes 4 and 5
resonator 4
collector seal YK1001
Collector body YK10014
outlet cooling water YK 1002
inlet cooling air

max.

max.

max.

max.

min.

max.

max.

max.

min.

max.
min.

max.
max.
max.
max.

The power supply must be preloaded with min. 10 mA at 500 V.

8.5

700
100

40
1.5
45

15

125

150
125
200
300

40

\
kV
kV

kV
kV

A
kV

k2
k&

\
\

kW
(14 dB)
kV
mA

For limiting values of various operating conditions see next page and Fig. 11.

A |nsafeguard this temperature limit the air outlet temperature should be measured in at least two
places; one 50 mm and one 150 mm from the upper collector plate and 50 mm from the cooling

fins; the cooling data of collector are minimum values.

December 1985
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YK1001
YK1002

MAXIMUM VALUES of drift tube current

For vision transmitter without level
dependent cut-out threshold
without depressed collector voltage
with depressed collector voltage

For vision transmitter with level
dependent cut-out threshold

without depressed collector voltage

for 0 to 7 kW output power, peak sync.

with depressed collector voltage
for 0 to 7 kW output power, peak sync.

without depressed collector voltage
for full output power

with depressed collector voltage
for full output power

For vision and sound transmitter

fed from the same power supply and

without level dependent cut-out threshold
without depressed collector voltage

with depressed collector voltage

For vision and sound transmitter fed from
the same power supply and with level
dependent cut-out threshold

without depressed collector voltage

for 0 to 7 kW output power, peak sync.

with depressed collector voltage

for O to 7 kW output power, peak sync.
without depressed collector voltage

for full output power

with depressed collector voltage

for full output power

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

80
130

40

60

100

200

100
160

60

80

120

250

mA
mA

mA

mA

mA

mA

mA
mA

mA

mA

mA

mA
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U.H.F. power klystrons

YK1001

YK1002
TYPICAL OPERATING CONDITIONS
As 11 kW vision transmitter (CCIR-G standard) notes
in the frequency range 470 MHz to 790 MHz 1. 2
without depressed with depressed
collector voltage collector voltage

Cathode voltage -18.0 —13.5 kV 3
Depressed collector voltage -0.5 -5.0 kV
Accelerating electrode voltage 0 0 \%
Neg. focusing voltage ~ 400 400 Vv 5
Drift tube current, static ~ 25 30 mA

black level ~ 40 80 mA 6
Cathode current 1.9 1.9 A
Output power, peak sync. 1 11 kW
Drive power see Fig. 12.
Linearity without compensation ~ 80 80 % 7
Sync. compression < 45/25 45/25 8
V.S.B. suppression < -20 -20 dB 9
Noise with reference to black level < —46 —46 dB 10
Differential gain ~ 5 5 deg 11
As 2.2 kW and 4.4 kW TV sound amplifier
Cathode voltage -18.0 —-180 -135 —-135 kV 3
Depressed collector voltage —-05 -0.5 -5.0 -5.0 kV
Accelerating electrode voltage -7.5 -5.5 -7.5 -5.5 kV 4
Neg. focusing voltage ~ 400 400 400 400 V 5
Drift tube current ~ 40 50 50 70 mA 6
Cathode current 0.7 1.0 0.7 1.0 A
Output power 2.2 4.4 2:2 44 kW
Drive power < 0.5 0.5 0.5 05 W
As 2.1 kW amplifier for television
transposer service
Cathode voltage —-15 kV 3
Depressed collector voltage 5.0 kV
Neg. focusing voltage ~ 400 \% ]
Drift tube current ~ 60 mA
Cathode current 2:2 A
Output power, peak sync. 2L kW
Drive power see Fig. 12
Intermodulation products < -51 dB 12

December 1985
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YK1001
YK1002

Notes

1.

10.
.
12.

With the appropriate focusing magnets TE1065, cavities TE1066 and a circulator between the driver
and input cavity.

A precorrection of the level dependent frequency response up to 2 dB must be provided.

In case of failure the beam voltage must be switched off and made to drop below 5% of its
nominal value within 500 ms of the failure.

Fluctuations of the beam voltage up to * 3% will not damage the tube; to meet the signal-transfer
quality requirements the nominal beam voltage should not vary more than  1%.

It is recommended that this voltage be obtained from a voltage divider between cathode and ground,
which should carry a quiescent current of minimum 3 mA.

The focusing electrode voltage should be adjustable from 100 V to 500 V; a setting range from
100 V to 700 V is recommended.

At black level, to be focused for minimum drift tube current. If necessary to obtain the required
signal-transfer quality, a deviation of maximum 10% from this minimum current is permitted. The
limiting value, see Fig. 11, must however, not be exceeded.

Measured with a sawtooth voltage with amplitude between 17 and 75% of the peak sync value, on
which is superimposed a 4.43 MHz sinewave with a 10% peak-to-peak value.

Calculated from “'Vblack/vsync) il “'Vblack/vsync) out’

Measured with 10 to 75% modulation without compensation; V.S.B. filter between driving stage
and klystron.

Produced by the klystron itself; without hum from power supplies.

Without compensation.

Without compensation, see German Bundespost 176 Pfl 2 or ARD-Pflichtenheft 5/2. Three-

tone test method (vision carrier —8 dB, sound carrier —7 dB, sideband signal —16 dB with

respect to peak sync = 0dB).

30

December 1985



U.H.F. power klystrons YK1001
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YK1001
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Fig. 7 Ratio of cooling air pressure to cooling air volume of YK1001.
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Fig. 8 Ratio of pump current to gas pressure in the klystron.
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U.H.F. power klystrons YK1002
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Fig. 10 Ratio of cooling water pressure to cooling water volume.
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YK1110

PULSED POWER KLYSTRON

Fixed frequency pulsed power klystron in metal-ceramic construction for the range 2998 + 5 MHz,

with 3 internal cavities, electromagnetic focusing, continuously operating getter-ion pump, coaxial input

connector and S-band output waveguide, water cooled, intended as amplifier in linear accelerators and
similar applications.

QUICK REFERENCE DATA

Frequency range f 2998 £+ 5 MHz

The klystron is factory tuned to 2998 MHz but can delivered for any frequency within the range
2993 MHz to 3003 MHz. Other frequencies on request.

Peak power output Wop 6 MW
Power gain G 30 dB

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by a.c. or d.c.

Cathode oxide coated
Heater voltage Vs 3to46 V
Heater current, marked on each tube ] 70t0 82 A

The heater current should never exceed a peak value of 150 A when applying an a.c. heater voltage
or 100 A when applying a d.c. heater voltage.

Cold heater resistance Rfo 6 mQ
Waiting time ty min. 45 min

GETTER-ION PUMP POWER SUPPLY
Pump voltage, unloaded 4 kV
Internal resistance approx. 300 kQ

COOLING (valid for a pulse repetition rate up to 50 p.p.s.)

Drift tubes and focusing coils q  min. 4 |/min
p  max. 350 Pa*
Collector g min. 7 |/min
P max. 350 Pa ™
ACCESSORIES
Magnet and housing for getter-ion pump type TE1053A
and TE1053B
MASS (net) approx. 110 kg

* 3560 Pa = 3,5 mbar.
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YK1110

MECHANICAL DATA Dimensions in mm
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Fig. 1.

MOUNTING Vertical.

To be supported from mounting flange with cathode down. Although the collector and output cavity
are provided with a lead shield, adequate additional shielding is required for protection against personal
injury due to X-ray radiation.
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Pulsed power klystron YK1110

LIMITING VALUES (Absolute maximum rating system) for pulsed operation. notes
All voltages are specified with respect to ground.
Cathode voltage, peak max. —220 kV
Cathode current, peak max. 120 A
Beam input power, peak max. 25 MW
R.F. input power, peak max. 10 kW
R.F. output power, peak max. 8 MW
Pulse repetition rate max. 600 p.p.s.
Pulse duration max. 3 us
Voltage standing-wave ratio of load max. 15
Focusing magnet voltage max. 50 V
: max. 32 A

Focusing magnet current ey 2 A
Pump voltage max. 45 kV
Pump current max. 15 mA
Water outlet temperature max. 75 °C
OPERATING CONDITIONS 1
Frequency 2998 MHz
Heater current 2
Cathode voltage, peak -210 kV 3
Cathode current,

peak 100 A

mean 10 mA
Focusing magnet voltage 40 V
Focusing magnet current 29 A 4
Pulse repetition rate 50 p.p.s.
Pulse duration 2.2 us
R.F. input power 5 kW
R.F. output power,

peak 6 MW

mean 0.66 kW
Notes

1. When the klystron has not been in operation for some time, conditioning might be required. This
should be done by gradually increasing the cathode voltage until in each step stable operation is
obtained. Stored tubes require pumping at intervals of approx. 3 months.

2. To be adjusted at the value marked on each tube.

3. For maintaining a minimum output power of 5 MW during life the cathode voltage may be increased

to —215 kV.

. To be adjusted for max. r.f. output power.

. Data for operation at p.r.r. higher than 50 p.p.s. on request.

[0 3
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YK1110
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Pulsed power klystron YK1110
VX 733450
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Fig. 4 Ratio of pump current to gas pressure in the klystron.
PRODUCT SAFETY

R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emission intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.
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MAINTENANCE TYPE YK1151

U.H.F. POWER KLYSTRON

U.H.F. TV power klystron in metal-ceramic construction, with four external resonant cavities, integral
permanent magnets, and incorporated getter-ion pump. The klystron is intended to be used with
depressed collector voltage in 10 kW and 20 kW vision transmitters, in sound transmitters or in high-
power transposers in the frequency range 470 to 860 MHz.

QUICK REFERENCE DATA

Frequency range 470 to 860 MHz
Output power, peak sync 25 kW
Cooling forced air

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage
vision transmitter Vs 7 V 1
sound transmitter V¢ 65 V 1
Heater current lg ~ 30 (26t0 34) A
Cold heater resistance Rgy = 28 mQ
Waiting time
a. Heater voltage 7 V ty min. 180 s 2
b. Stand-by 6 V vision transmitter tw 0 s 2.3
c. Stand-by 5.5 to 6 V sound transmitter ty 0 s 2,3
FOCUSING

The integral temperature-compensated coaxial permanent magnets are pre-adjusted by the tube manu-
facturer.

GETTER-ION PUMP SUPPLY

Pump voltage, no load condition 4 kV

Internal resistance 300 k&2

If it is between 3 kV and 4.5 kV, the collector to body voltage may be used as the pump supply voltage.

In this case the pump anode must be connected to body (earth) via a 300 k2 series resistor.

Notes
1. During operation the heater voltage should not fluctuate more than + 3%.
2. The heater current should never exceed a peak value of 65 A.

3. Valid after a waiting time of at least 8 min; as soon as the beam voltage is switched on, the heater
voltage must be increased to the nominal value.
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YK1151

MECHANICAL DATA

View

Dimensions in mm
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U.H.F. power klystron YK1151

MASS AND DIMENSIONS

Klystron
net approx. 100 kg
gross approx. 200 kg
outline dimensions
of packing (cm) 205 x 79 x 66
MOUNTING

Mounting position: vertical with collector down.
To remove the tube from the magnet frame a total free height of 2.5 m, excluding hoist, is required.

COOLING

Cooling data, using the trolley TE1081

Cathode socket, drift tubes, and cavities forced air, approx. 5m?®/min, Ap = 800 Pa (8 mbar)
Collector (60 kW dissipation) forced air, min 55 m*®/min.

Ap =2100 Pa (21 mbar), see Figs 3, 4 and 5.

PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.
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YK1151 J |

MECHANICAL DATA of the trolley TE1081

Dimension in mm
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U.H.F. power klystron

YK1151
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YK1151

ACCESSORIES

Frequency range (MHz) 470 to 637 638 to 860
Channel 21to 41 42 to 68
Stub TE1089 TE1089
Cavity 1 TE1077A TE1078A
Input coupling device TE1083 TE1084
Cavity 2 TE1077A TE1078A
Load coupling device TE1085 TE1086
Cavity 3 TE1077D TE1078D
Load coupling device TE1085 TE1086
Adaptor flange TE1090 TE1090
Cavity 4 TE1077D TE1078D
Output coupling device TE1091A TE1092A
Magnet TE1112A TE1112A
for drift tube 5 TE1112B TE1112B
Trolley TE1081 TE1081
Air duct for cavities TE1115 TE1115
Air duct for drift tube 3 TE1117 TE1117
Air duct for drift tube 4 TE1118 TE1118
Air duct for drift tube 5 TE1119 TE1119
Magnet for getter-ion pump TE1053A TE1053A
Connectors

Heater 40649 40649

Heater/cathode 40649 40649

Focusing electrode 40634 40634

Accelerating electrode 40634 40634

Collector 40649 40649

Getter-ion pump 40634 40634

Earth 40649 40649
Special parts
Load coupling unit mating TE1077D

(instead of TE1091A) TE1087
Load coupling unit mating TE1078D

(instead of TE1092A) TE1088
Plug connection mating TE1091A

and TE1092A TE1091B
Lifting device TE1113
Recommended circulators (optional)

470to 600 MHz 2722 162 01551 (T100/1V-N)

600 to 800 MHz 2722 162 01561 (T100/V-N)

790 to 1000 MHz 2722 162 03261 (T100/V-3-N)
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U.H.F. power klystron

YK1151

LIMITING VALUES (Absolute maximum rating system)

Heater voltage
Ground to cathode voltage

Ground to the accelerator electrode voltage

Ground to collector voltage

Cathode to focusing electrode voltage

Cathode current
Accelerator electrode current
Focusing electrode current

Drift tube current
static

dynamic
Collector dissipation

Series resistor in accelerator
electrode circuit

Return loss of load at
operating frequency

Pump voltage, no load condition
Pump current

Temperature of focusing magnets
Inlet temperature of cooling air
Outlet temperature of cooling air

Notes

min. max. notes
85 V
28 kV
0 kV 28 kV
0 kV 5 kV
100 V 600 V
4 A
-02 mA | +15 mA
—-02 mA +3 mA
60 mA 4,5
260 mA 5
65 kW
10 kQ
14 dB
30 kV 5.0 kV
15 mA
70 °c
45 ©C
110 °c

4. Static operation (operation without output power) in vision transmitters only with beam currents
< 2/3 of given value allowed (see design considerations).

5. A drift tube current cut-out should be provided to protect the klystron. The cut-out should have an
automatic action which depends on the drive level, see Figs 6 and 7.
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YK1151

TYPICAL OPERATING CONDITIONS
As 20 kW vision transmitter in accordance with CCIR-G standard,
with depressed collector voltage

Operating conditions

Frequency range 470to 640 470 to 790 790to 860 MHz
Channel 21to 41 21to 60 61to 68
Collector to cathode

voltage 16.5 18 20.0 20.0
Cathode current 3.6 33 3.0 31
Ground to collector

voltage 4.0 4.0 4.0 45
Drift tube current

(black level) 120 100 70 70
Ground to accelerator

electrode voltage 0 =3 ~ 6 ~ 6
D.C. input power 59 59 60 62
Cathode to focusing

electrode voltage 300 (100 to 600)
Drive power see Fig. 10.
Performance
Qutput power, peak sync 22

min. typ. max.

Sync. compression 40/25
V.S.B. suppression 23 25
Noise ratio, with reference

to black level 48 > 50
Linearity 10/75 0.75 0.8
Differential gain

(10/85 at 4.43 MHz) 0.75 0.85
Differential phase

(10/85 at 4.43 MHz) +10/-3 +15/-5
Variation in response characteristic
as a function of power level

in the double-sideband region 0.25 0.5

in the single-sideband region 0.4 0.6
Ripple of response characteristic

(white level 10/20) 0.3
Maximum output power 25
Efficiency 37

kV

kV

mA

kV
kW

kW

dB

dB

deg

dB
dB

dB
kW
%

notes

"
12

13
14

15, 16

17
18

19

48
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U.H.F. power klystron YK1151
TYPICAL OPERATING CONDITIONS (continued) notes
As 20 kW vision transmitter in accordance with CCIR-G standard, 6
without depressed collector voltage
Operating conditions 7
Frequency range 470 to 860 MHz
Channel 21to 68
Collector to cathode

voltage 195t0 23 kV 8
Cathode current 3.05t0 2.6 A
Ground to collector

voltage 0 kV
Drift tube current

(black level) 80to 40 mA
Ground to accelerator

electrode voltage 1.5t0 6.5 kV
D.C. input power 60 kW
Cathode to focusing

electrode voltage 300 (100 to 600) Vv 9
Drive power see Fig. 10.
Performance
Output power, peak sync 22 kW 10

min. typ. | max.

Sync. compression 52/26 1"
V.S.B. suppression 23 25 dB 12
Noise ratio, with reference

to black level 48 >50 dB 13
Linearity 10/75 0.65 0.75 14
Differential gain

(10/85 at 4.43 MHz) 0.65 0.75 15
Differential phase

(10/85 at 4.43 MHz) +12/-3 |+15/-5 deg 15, 16
Variation in response characteristic
as a function of power level

in the double-sideband region 0.25 05 dB 17

in the single-sideband region 0.4 06 dB 18
Ripple of response characteristic

(white level 10/20) 0.3 dB
Maximum output power 22 23 kW 19
Efficiency 37 %
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YK1151

TYPICAL OPERATING CONDITIONS (continued)

As 10 kW vision transmitter in accordance with CCIR-G standard

Operating conditions

Frequency range 470 to 640 470 to 790 790to 860 MHz
Channel 21to 41 21to 60 61to 68
Collector to cathode

voltage 15.0 16.0 16.0 kV
Cathode current 22 2.1 2.2 A
Ground to collector

voltage 4.0 4.0 45 kV
Drift tube current

(black level) 60 50 50 mA
Ground accelerator

electrode voltage ~ 4.0 ~ b5 ~ 6.0 kV
D.C. input power 33 335 35 kW
Cathode to focusing

electrode voltage 300 (100 to 600) Vv
Drive power see Fig. 10.
Performance
Qutput power, peak sync 11 kW

min. typ. max.

Sync. compression 40/25
V.S.B. suppression 23 25 dB
Noise ratio, with reference

to black level 48 > 50 dB
Linearity 10/75 0.75 0.8
Differential gain

(10/85 at 4.43 MHz) 0.75 0.85
Differential phase

(10/85 at 4.43 MHz) +10/-3 +15/-5 deg
Variation in response characteristic
as a function of power level

in the double-sideband region 0.25 0.5 dB

in the single-sideband region 0.4 0.6 dB
Ripple of response characteristic

(white level 10/20) 0.3 dB
Maximum output power 125 kW
Efficiency 33 %

notes

10

1
12

15, 16

17
18
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U.H.F. power klystron

YK1151

TYPICAL OPERATING CONDITIONS (continued)
As sound transmitter in accordance with the CCIR-G standard (one carrier operation)

R.F. setting

Cavity 4 on sound carrier frequency

Cavity 1 on sound carrier frequency —0.5 MHz
Cavity 2 on sound carrier frequency +0.5 MHz,
Cavity 3 on sound carrier frequency min. +3 MHz,

(load coupler and load are not necessary)
Double-humped resonance curve slack < —0.5 dB

Operation with high voltage collector to cathode

with depressed collector voltage

Frequency range 470 to 640 470 to 790 790to 860
Channel 21to 41 21t0o 60 61to 68

Collector to cathode
voltage 16.5 18 200 20.0

Ground to collector
voltage 4.0 4.0 4.0 45

Cathode to focusing
electrode voltage 100 to 600 100 to 600 100to 600

Driving power < 0b 0.5 0.5

Ground to accelerator
electrode voltage ~ 105 | 125 140 | 16.0 145 16.5

Cathode current 1.1 0.8 1.0 0.7 1.0 0.2
Output power 4.4 2.2 4.4 22 44 2.2

without depressed collector voltage
Frequency range 470 to 860
Channels 21to 68
Collector to cathode

voltage 195t0 23
Ground to collector

_ voltage 0

Cathode to focusing

electrode voltage 100 to 600
Driving power <1

Ground to accelerator
electrode voltage 11.5t015.5 13to 17

Cathode current 0.8to 0.7 0.6to 0.5
Output power ' 2.2 11

notes

MHz

kV

kV

kV

kW

MHz

kV

kV

kV

kW
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YK1151

TYPICAL OPERATING CONDITIONS (continued) notes
As sound transmitter (continued) 6
Operation with low voltage collector to cathode 7
with depressed collector voltage
Frequency range 470 to 640 470 to 790 790to 860 MHz
Channel 21to0 41 21to 60 61to 68
Collector to cathode

voltage 15.0 16.0 16.0 kV
Ground to collector

voltage 4.0 4.0 4.5 kV
Cathode to focusing )

electrode voltage 100 to 600 100 to 600 100to 600 \%
Driving power < 05 < 05 < 05 W
Ground to accelerator

electrode voltage ~ 0.9|~105| ~125(=~13.5 | ®13.0| =140 kV
Cathode current 0.8 0.6 0.65 0.5 0.65 05 A 20
Qutput power 2.2 1.1 2.2 1.1 2.2 1.1 kW
Notes

6. With stated accessories; in case of failure the beam voltage must be switched-off and made to drop
below 5% of its nominal value within 500 ms of the failure.

7. For optimum performance one of these settings has to be chosen in accordance with the transmitter
manual.

8. Fluctuations up to + 3% will not damage the tube; to obtain a good signal transfer quality the beam
voltage should not vary more than £ 1%.

9. To be adjusted for the specified cathode current.
10. The signal transfer quality is measured with matched load (VSWR < 1.05).
11. Calculated from (1-Vpjack/Vsyncin/(1-Vblack/Vsynclout
12. Measured with 10 to 75% modulation without compensation; V.S.B. filter between driving stage
and klystron.
13. Produced by the klystron itself; without hum from power supplies.
14. Measured with a staircase signal of 10 to 75% of the peak sync value.

15. Measured with a sawtooth voltage with an
amplitude between 15 and 80% of the peak 16
sync. value on which is superimposed a 4.43 MHz 15% 2ge - —=—=——=-===
sinewave with a 10% peak to peak value.

16. Phase difference to burst signal.

17. With respect to + 0.5 MHz about the carrier
frequency. o]
80 g2

18. With respect to specified tolerance range.

19. With increased driving power under the given 100:%

operating conditions, without guarantee for

signal transfer quality. + 15 MHz + 5MHz
, . K 22|
20. Cathode current adjusted by accelerating :0 6 dB
electrode voltage (coarse), and focusing 2
electrode voltage (fine). v 1
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U.H.F. power klystron

YK1151
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Fig. 3 Required quantity of cooling air Qnin for the inlet temper
temperature difference Af versus the collector dissipation Wg)).

ature T; = 25 OC and relative

* A normal cubic metre (at 1033 mbar, 15 °C) corresponds to 1.226 kg.
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YK1151
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LA 74RE - inlet temperature T; = 45 °C; by substitution

B e dom(45) = 47.5 m? /min.
..-o,‘/ B ! A |1 From Quadrant 3:
Br el i 5 +—| ath=2000m, q(2000, 45) = 57 m3/min.
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U.H.F. power klystron YK1151
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Fig. 5 Calculation of the pressure drop Ap between air inlet and air outlet at the trolley TE1081 as a
function of cooling air volume q for selection of the correct blower.
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Fig. 6 Drift tube current cut-out at operation with depressed collector voltage for 20 kW transmitter.
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Fig. 7 Drift tube current cut-out at operation without depressed collector voltage for 20 kW transmitter.
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U.H.F. power klystron YK1151
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Fig. 10 Max. drive power in dependence on channel and operation mode.

58

December 1985



DESIGN
CONSIDERATIONS

U.H.F. power klystron

YK 1151
DESIGN CONSIDERATIONS FOR POWER SUPPLIES AND SAFETY CIRCUITS
1. Power supplies
Range T Internal Hum
resistance
Heater voltage 6.5t08.0V 2) Corresponding
(26 to 36 A) to non-smoothed
three-phase, full-
wave rectifier
Cathode to focusing 100 to 600 V < 0.1%
electrode voltage (—0.2 to +3 mA)
Ground to collector Oor45/ 4.0/ 35kV 3) Oor

voltage (500 mA mean, 1 A peak) 300 to 600 | < 0.1%
Operation Operation
Collector to 4) without depressed| with depressed
cathode voltage collector voltage |collector voltage
16.5 kV
20 kW operation 19.5 to 23 kV 18.0 kV (65 kW)
(65 kW) 20.0 kV 300 to 600 2| < 0.1%
10 kW operation 15.0 kV

16.0 kV (35 kW)

Ground to

accelerator see Fig. 9.
electrode voltage

Getter-ion pump to voltage, unloaded 3.5 to 4 kV

cathode voltage 5) (load up to 15 mA) 300 k2 —-—

1) Maximum allowable deviation from nominal or set values:
a) 2% during adjustment, if the published performance is to be attained,
b) £1% fluctuation of the set values during operation to maintain the performance,
c) during operation, deviations not exceeding +3% of the set values will not damage the tube.

2) The heater current should never exceed a peak value of 65 A.

3) At operation with depressed collector voltage a capacitor of 0.5 uF must be installed near
the collector connection of the klystron and the trolley between feed line and ground.

4) An additional tap for approx. 500 V to the given voltages is recommended.
5) Needed for operation without depressed collector voltage.

2. Safety circuits
The safety circuits must operate in any one of the following cases:

a) The cut-out threshold of the drift tube current is exceeded. Dependent on the peak output
power this cut-out should operate in two stages, see Figs 6 and 7.
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DESIGN

CONSIDERATIONS

YK 1151

b) The set collector or cathode current is exceeded by more than 30 % (max. 400 mA).

c) The air volume for collector cooling falls below the initial value for a longer period
(see data sheet by cooling).

d) The cooling air for drift tubes 3, 4 and 5, cavity 4, and cathode terminals fails
(checked by a vane or equivalent device).

e) The set max. temperature on the contact thermometers of the klystron is exceeded.

Set temperatures of the probe assemblies are:

Probe 1 Probe 2 Probe 3

(top) (middle) (bottom)
10 kW Vision 80°c 80°c 80°cC
10 kW Sound 65°C 65 °C 65 °C
20 kW Vision 90°c 110°C 110°cC
20 kW Sound 65 °C 65 °C 65 °C

f) The return loss is lower 14 dB (VSWR > 1.5).
g) The pump operating current exceeds 50 uA.

3. Operation without output power
Static operation (operation without output power) in vision transmitters is not allowed at beam
currents > 2/3 of the given value. Without driving signal the beam current must be reduced or the
tube switched-off.

4. Switching-on and switching-off procedures
a) Switching-on sequence:
1. accelerating electrode at cathode potential,
2. cooling air,
3. ground to collector voltage,
4. heater voltage and cathode to focusing electrode voltage.
Steps 1 to 4 can be simultaneous.
5. waiting time,
6. collector to cathode voltage,
7. ground to accelerator electrode voltage.
b) Switching-off sequence:
1. accelerating electrode at cathode potential,
2. all other voltages and cooling simultaneously.
c¢) Switching-off sequence when the safety circuits operate:
1. accelerating electrode at cathode potential,
2. cathode-to-collector voltage.
For repeated switching-on (repeating): see a) 6 and 7.
In case of failure the following voltages must be switched-off and made to drop below 5% of their
nominal value:
accelerating electrode-to-body voltage and cathode-to-collector voltage within 500 ms, collector-to-

body voltage within 1 s.
It is recommended to start this drop 200 ms after occurrence of the failure.

60
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DESIGN

U.H.F. power klystron CONSIDERATIONS

YK 1151

5. Waiting time after short interruptions of operation

Interruption of the | Required waiting { visionV¢= 7 V

heater voltage time sound V¢=6.5V
0to30s Os
30to60s 30s
60t0 90s 60s
>90s 180s
6. Focusing

a) The tube is pre-focused by the tube manufacturer.
b) For final focusing see manual.

7. Cooling

a) The cooling of the cathode socket, accelerating electrode, drift tubes, and cavities
must be monitored.

b) The air volume of the collector cooling and, dependent on it, the temperature distribution
at the air outlet, must be monitored at minimum three points.

c) Also during stand-by the cathode socket must be cooled and the getter-ion pump kept
in operation.

8. Mounting
a) The r.f. connectors for operation have the following dimensions:
Stub 7/16
Input coupling device cavity 1 7/16
Output coupling device cavities 2 and 3 7/16
Output coupling device cavity 4 31/8"

b) Forces on klystron terminals max. 10 N. Bending moment max. 1 Nm.
c) The coaxial magnets must not be removed from the klystron.

d) In order to prevent distortion of the magnetic focusing field, ferromagnetic material
should not be applied within a radius of 35 cm from the tube axis.
Using the trolley TE1081. No parts should be mounted on or within the trolley and
ferromagnetic parts in the trolley are not allowed.

e) Magnetic stray fields, e.g. from transformers, coils, etc., must not exceed 50 uT
(0.5 gauss) at the surface of the klystron.

f) It is recommended to use non-magnetic material for doors of cabinets containing
output stages, if these doors must be closed after focusing.

9. Storage and transport
a) In cases of prolonged storage, each klystron must be checked for vacuum at least
every 6 months and pumped if necessary.
It is recommended to check every 3 months (the heater voltage need not switched-on).
b) All klystrons are insured during delivery transportation.
Each tube must be inspected for damage within 7 days of delivery:
1. Visual inspection of pack and tube.
2. Vacuum inspection with the getter-ion pump (without heating), the pump current
must decrease to less than 10 pA within 15 min.
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YK1190
MAINTENANCE TYPES YK1191

YK1192

U.H.F. POWER KLYSTRONS

For u.h.f. band IV/V vision transmitters and sound transmitters.

Metal-ceramic construction, four external cavities, electromagnetic focusing and a high-stability
dispenser type cathode.

Suitable for vapour, vapour-condensation or water cooling.

QUICK REFERENCE DATA

Frequency range

YK1190 470t0 610 MHz
YK1191 590 to 720 MHz
YK1192 710to 860 MHz
Qutput power as vision transmitter 40 kW
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage Vg = 85 V 3%
Heater current Ip ¢ = 22t027 A 1
Cold heater resistance Rio = 30 mQ
Waiting time 2
atVg=85V t,y min. 300 s
at V¢ =6.0 V (black heat) t, min. 0 s

FOCUSING: electromagnetic
Focusing coil current 9t012 A

Resistance of focusing coils
cold (20 °C) 7.2t095 Q
operating at an ambient temperature of 20 °C 11 Q

N

BEAM CONTROL
The accelerator electrode voltage allows adjustment of the beam current between 0 and 100%.

GETTER-ION PUMP SUPPLY 3
Pump voltage, no-load condition 3to4 kV
Internal resistance of supply 300 k&
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YK1190
YK1191
YK1192

MECHANICAL DATA YK1190 Dimensions in mm
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YK1190

U.H.F. power klystrons YK1191
YK1192

YK1191, YK1192
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YK1190
YK1191
YK1192

Mechanical outlines of trolley

Dimensions in mm

#2826
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on 266 mm p.c.dia.
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* YK1180 =570 mm.
YK 1191/92 =595 mm.
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YK1190

U.H.F. power klystrons YK1191
YK1192
COOLING
Cathode socket
accelerator electrode air; g ~ 0.15 m®/min, Tj max. 40 °C
Collector vapour (with boiler TE1110), note 4

volume of water converted to steam: 27 cm®/min
per kW collector dissipation resulting in 43 2/min
steam per kW collector dissipation

water or vapour condensation (with cooler
TE1194) q = 35 to 60 &/min, T, max 80 °C,

Drift tubes water; rate of flow to drift tubes and collector
connected in series g ~ 9 &/min, T; max. 80 oc,
Ap =200 kPa (2 bar)

Cavities 3 and 4 forced air; g = 1.5 m*/min, Ap = 250 Pa (2.5 mbar)
T, max. 45 °C

MASS AND DIMENSIONS

Klystron
net approx. 80 kg
gross approx. 230 kg
outline dimensions
of packing (cm) 205 x 75 x 65
Cavities approx. 45 kg
Magnet frame with coils approx. 885 kg
MOUNTING

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 3.5 m, excluding hoist, is required.

PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an

equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.
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YK1190
YK1191
YK1192

ACCESSORIES (note 5)
Each tube is delivered with the following factory fitted accessories:

YK1190 YK1191 YK1192
Collector radiation suppressor TE1111 TE1132 TE1195
Accelerator electrode ring TE1141 TE1141 TE1141
Cathode ring TE1142 TE1142 TE1142
or TE1142B or TE1142B or TE1142B
Set of sealing rings TE1147 TE1147 TE1147
A. Accessories to be ordered separately when replacing equivalent other brand types
Magnet flux ring TE1138 TE1138
Spark gap TE1140 TE1140
Set of connectors (heater, cathode,
acc. electrode, getter-ion pump) TE1146 TE1146 TE1146
B. Accessories required for first equipment
Magnet flux ring TE1138 TE1138 TE1138
Spark gap TE1140 TE1140 TE1140
Set of connectors (heater, cathode,
acc. electrode, getter-ion pump) TE1146 TE1146 TE1146
Extension pipes 6 x TE1133A 6x TE1133A 6 x TE1133A
for drift tubes 2xTE1133B 2xTE1133B 2x TE1133B
Water interconnecting pipes between drift tubes
T1-T2 TE1134A TE1135A TE1135A
T2-T3q TE1134B TE1135B TE1135B
T3-Ty TE1134C TE1135C TE1135C
T4-Tg TE1134D TE1135D TE1135D
Flexible water pipes
between tube and boiler
for vapour cooling TE1145A TE1145A TE1145A
between frame and tube TE1145B TE1145B TE1145B
tube outlet for water cooling TE1145C TE1145C TE1145C
Boiler for vapour cooling TE1110 TE1110 TE1110
or
Cooler for water cooling TE1194 TE1194 TE1194
Cavities 3xTE1121A 3xTE1098A 3 xTE1191A
1xTE1121D 1xTE1098D 1xTE1191B
Input coupler TE1122A TE1102 TE1102
Load coupler for cavities 2 and 3 2xTE1122B 2 x TE1102 2 x TE1102
Blanking plates 3xTE1157 3xTE1157 3 xTE1157
Output coupler for cavity 4 TET123 TE1105 TE1196
Arc detector : TE1107 TE1107 TE1107
Magnet frame with coils TE1108 TE1108 TE1108
Tool set TE1137 TE1137 TE1137
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U.H.F. power klystrons

ACCESSORIES (continued)

C. Spare and optional parts
Collector radiation suppressor
Accelerator electrode ring
Cathode ring

Set of connectors (heater, cathode,
acc. electrode, getter-ion pump)
Set of sealing rings
Water protection shield
Recommended circulators
470 to 600 MHz

600 to 800 MHz
790 to 1000 MHz

or

YK1290

TE111
TE1141
TE1142
TE1142B

TE1146
TE1147
TE1139

YK1291

TE1132
TE1141
TE1142
TE1142B

TE1146
TE1147
TE1139

2722 162 01551 (T100/1V-N)
2722 162 01561 (T100/V-N)

2722 162 03261 (T100/V-3-N)

LIMITING VALUES (Absolute maximum rating system)

Heater voltage

Beam voltage

Cold cathode voltage

Beam current

Body current

Accelerator electrode current
Collector dissipation

Load VSWR

Temperature of tube envelope
Static pressure in the cooling system

max.
max.
max.
max.
max.
max.
max.
max.
max.

max.

9.5

Vv
kV
kV
A
mA

YK1190
YK1191
YK1192

YK1292

TE1195

TE1141

TE1142
or TE1142B

TE1146
TE1147
TE1139

mA note 7

kW

0,

note 6

¢ (6 bar)
kPa { ar
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YK1190
YK1191
YK1192

TYPICAL OPERATING CONDITIONS: YK1190/YK1191
As 40 kW vision transmitter (CCIR-G standard)

gain-tuned efficiency-tuned
operation operation (examples)

Output power, peak sync. 45 45 45 kW
Beam voltage 22 205 22 kV
Beam current 6.3 5.7 4.8 A
Accelerator to cathode voltage 22 20.5 18 kV
Body current

without drive 15 15 15 mA

at 45 kW peak sync., black level 30 40 40 mA
Focusing coil current 105 10,5 10.0 A
Drive power, peak sync.

YK1190 - channel 21 2 10 6 W

channel 38 1.5 7 4 w
YK1191 - channel 37 1.5 7 4 w
channel 51 5 3 w

Bandwidth at —1 dB points 8 8 8 MHz
Differential gain 80 75 70 %
Differential phase 6 7 10 deg
Linearity 70 65 60 %
Operating efficiency 32 38,5 425 %
Saturation output power 55 60 465 kW
Saturation efficiency 40 43 44 %
As 4 kW/8 kW sound transmitter (CCIR-G standard)
Output power 45 9| 45 9 kW
Beam voltage 205 205 22 22 kV
Beam current 1.25 15| 1.15 1.4 A
Accelerator cathode voltage ~75 ~85| =7 =8 kV
Focusing coil current 9 A
Drive power 1.5 w
Bandwidth at —1 dB points 1 MHz

note 9
note 9

note 9
note 9

note 10
note 11
note 11
note 12

note 6

note 13

note 9
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YK1190
U.H.F. power klystrons YK1191
YK1192

TYPICAL OPERATING CONDITIONS: YK1192
As 40 kW vision transmitter (CCIR-G standard)

Output power, peak sync. 45 kW
Beam voltage 23 kV note 6
Beam current 46 A note 8
Accelerator to cathode voltage 18 kV
Body current

without drive 15 mA

at 45 kW peak sync., black level 40 mA
Focusing coil current 10 A
Drive power, peak sync. 2 w note 9
Bandwidth at —1 dB points 8 MHz note 10
Differential gain 70 % note 11
Differential phase 10 deg note 11
Linearity 60 % note 12
Operating efficiency 425 %
Saturation output power 46.5 kW
Saturation efficiency 44 %

As 4 kW/8 kW sound transmitter (CCIR-G standard)

Output power 45 9 kW

Beam voltage 23 23 kV note 6
Beam current 1.1 13 A

Accelerator to cathode voltage =7 ~8 kV note 13
Focusing coil current 9 A

Drive power 1.5 W note 9
Bandwidth at —1 dB points 1 MHz
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YK1190

YK1191

YK1192

Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 6 V (black heat), the beam current may be
switched on; the heater voltage must be increased to its nominal value of 8.5 V simultaneously.
Continuous black heat periods should not exceed two weeks and should be separated by similar
periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least
every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 kQ-cm).

5. Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used. The operating tube generates X-rays which can penetrate the ceramic parts
of the tube envelope. In order to reduce the radiation at any accessible points to an officially
admissible, non-dangerous level the tube must be shielded and any possible radiation path must
be blocked by at least 1 mm of brass or an equivalent portion of non-magnetic X-ray absorbing
material. The proper use of our accessory parts will provide the necessary shielding.

6. Static pressure in the body-cooling system and in the water-cooling jacket TE1194.

7. The accelerator electrode voltage must not be positive with respect to the body (ground).

8. |f the accelerator electrode is connected to the body (ground) via 10 k€2 resistor, the beam
current is within = 5% of the value given in the graph of Fig. 4.

9. The drive power is defined as the power delivered to a matched load.

10. Variation of the signal level between black and white at any sideband frequency may cause a
reaction of the peak sync. level. Proper tube design limits this reaction to less than 0.5 dB.

11. Measured with a sawtooth signal from black level to peak white occuring at each line and super-
imposed colour subcarrier with a 10 % peak to peak amplitude.

12. Measured with a ten-step staircase signal from black level to peak with occuring at each line.

13. A voltage divider for adjusting the beam current should be dimensioned on the basis of an accele-

rator electrode current of max. 1.5 mA.

72
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YK1190

U.H.F. power klystrons YK1191
YK1192
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MAINTENANCE TYPE YK1198

UH.F. POWER KLYSTRON

Optionally vapour, vapour condensation, or water-cooled power klystron in metal-ceramic construction
for 60 kW CW amplifiers. The tube has four external cavities, electromagnetic focusing and a high
stability dispenser-type cathode.

QUICK REFERENCE DATA

Frequency range 800 MHz
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage Vg & 85 V 3%
Heater current lg = 22t027 A i
Cold heater resistance Rep ™ 30 mQ
Waiting time 2
atV¢=85V tw min. 300 s
at V¢=6.0 V (black heat) t, min. 0 s

FOCUSING: electromagnetic

Focusing coil current 9t0o 12 A
Resistance of focusing coils
cold {20 °C) 721095 Q
operating at an ambient temperature of 20 °C < 1 Q

BEAM CONTROL

The accelerator electrode voltage allows adjustment of the beam current
between 0 and 100%.

GETTER-ION PUMP SUPPLY 3
Pump voltage, no-load condition 3to4 kV
Internal resistance of supply 300 kQ
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YK1198

MECHANICAL DATA

Getter-ion pump
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U.H.F. power klystron

YK1198

Mechanical outlines of trolley

Dimensions in mm

205

590 ——»

#2826
6 tapped holes M6 ‘l ~

on 266mm p.c.dia. |
T

Water outlet :
11/4-16 UN | m
Water inlet

5/8- 24 UNEF \\F \

j % 31/8"
@ @ ElA

-1 152
j=— 400
— 720 ————=

VX 722642C

April 1985

77



YK1198

COOLING
Cathode socket

accelerator electrode air;q ~ 0.15 m*/min, T; max. 40 9c
Collector vapour (with boiler TE1110), note 4

volume of water converted to steam: 27 cm?®/min
per kW collector dissipation resulting in 43 ¢/min
steam per kW collector dissipation

water or vapour condensation (with cooler
TE1194) q = 35 to 60 ¢/min, T, max 80 °C,

Drift tubes water; rate of flow to drift tubes and collector
connected in series g ~ 9 2/min, T; max. 80 ¢,
Ap =200 kPa (2 bar)

Cavities 3 and 4 forced air; q = 1.5 m®/min, Ap = 250 Pa (2.5 mbar)
T, max. 45 °C

MASS AND DIMENSIONS

Klystron
net approx. 80 kg
gross approx. 230 kg
outline dimensions
of packing (cm) 205 x 75 x 65
Cavities approx. 45 kg
Magnet frame with coils approx. 885 kg
MOUNTING

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 3.5 m, excluding hoist, is required.

PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.
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U.H.F. power klystron

YK1198

ACCESSORIES
Set of sealing rings

Collector radiation suppressor

Accelerator electrode ring
Cathode ring

Water interconnecting pipes between drift tubes

Extension pipes
for drift tubes

Flexible water pipes
between tube and boiler
between frame and tube
tube outlet

Boiler for vapour cooling
or
Cooler for water cooling

Magnet flux ring

Water protection shield
Spark gap

Set of connectors

TE1147
TE1195
TE1141
TE1142

TE1135A
TE1135B
TE1135C
TE1135D

6 x TE1133A
2xTE1133B

for vapour cooling for water cooling

TE1145A
TE1145B

TE1110

(heater, cathode, accelerator electrode, getter-ion pump)

Cavities

Input coupler

Load coupler for cavities 2 and 3

Blind flanges

Output coupler for cavity 4
Arc detector

Magnet frame with coils
Tool set

Recommended circulator

TE1145B
TE1145C

TE1194
TE1138
TE1139
TE1140

TE1146

3xTE1191A
1xTE1191B

TE1102
2x TE1102
3x TE1157
TE1192
TE1107
TE1193
TE1137

2722 162 01561 (T100/V-N)
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YK1198

LIMITING VALUES (Absolute maximum rating system)

Heater voltage max. 95 V

Beam voltage max. 28 kV

Cold cathode voltage max. —30 kV

Beam current max. 7 A

Body current max. 60 mA
Accelerator electrode current max. 6 mA noteb
Collector dissipation max. 150 kW

Load VSWR max. 1.5

Temperature of envelope max. 175 °C

Static pressure in the body
cooling system and in the water -
cooling jacket TE1194 max. 600 kPa (6 bar)

TYPICAL OPERATING CONDITIONS
As 60 kW CW amplifier

Output power 60 kW
Beam voltage 27 kV
Beam current 49 A note 6
Accelerator to cathode voltage A 17 kV
Body current
without drive 10 mA
at 60 kW 20 mA

10 A
2 W note 7

Q

Focusing coil current

Drive power, at 800 MHz
Bandwidth at —1 dB points
Operating efficiency = 45 %

Q

&2
o
=<
=
N

Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 6 V (black heat), the beam current may be
switched on; the heater voltage must be increased to its nominal value of 8.5 V simultaneously.
Continuous black heat periods should not exceed two weeks and should be separated by similar
periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least

every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 k§2-cm).

5. The accelerator electrode voltage must not be positive with respect to the body (ground).

6. If the accelerator electrode is connected to the body (ground) via 10 k<2 resistor, the beam
current is within + 5% of the value given in the graph of Fig. 3.

7. Thedrive power is defined as the power delivered to a matched load.
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U.H.F. power klystron

YK1198
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YK1210

S.H.F. POWER KLYSTRON

Forced-air cooled power amplifier klystron in metal-ceramic construction for the frequency band of
11.8 to 12.2 GHz. The tube has internal resonant cavities, beam focusing by means of permanent
magnets, and an integral getter-ion pump. The YK1210 is intended to be used in vision and sound
transmitters, and transposers. It may be operated with or without depressed collector voltage.

QUICK REFERENCE DATA

Frequency range

Output power as vision transmitter
Gain

Cooling

11.81t0 12.2 GHz
1.15 kW
50 dB
forced air

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for

KLYSTRONS.

HEATING: indirect by d.c.
Cathode

Heater voltage

Heater current

Heater peak starting current
Cold heater resistance
Waiting time

COOLING
Cathode socket and accelerating electrode

Body

Collector

GETTER-ION PUMP SUPPLY
Pump voltage, no-load condition
Internal resistance of supply

MOUNTING
Vertical

Forces on klystron terminals max 10 N. Bending moment max 10 Nm.

dispenser type

Vf 5to6 V
T 4(<5) A
Ifp max. 8 A
Rfo ~ 20 mQ
tw min. 120 s

low-velocity air flow
0.5 m?3/min, 100 cm?

forced air, ~ 0.5 m3/min
Ap < 1000 kPa (10 bar)
forced air, 6 m3/min

Ap < 1000 kPa (10 bar)

3 kV
300 kS2

To maintain correct focusing, the magnetic system should not be closer than 150 mm to external
ferromagnetic materials, and no closer than 300 mm to external magnets.
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YK1210

MECHANICAL DATA i Dimensions in mm
Mass: =~ 30 kg focusing magnet
included
12022
- 1
B =,
462
*’ 131,221
& 51826
: }
view on collector -
rotated through 90°
i
26523

Getter-ion pump

view A
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S.H.F. power klystron

YK1210

LIMITING VALUES (Absolute maximum rating system)

Collector to cathode voltage
Body to collector voltage

Body to accelerator voltage
Accelerator to cathode voltage

Cathode current
Collector dissipation

Drift tube current,
static, set value

As vision transmitter at Wq gync = 1 kW
dynamic, without depressed collector voltage
dynamic, with depressed collector voltage

as transposer at Wo gync = 210 W
dynamic, without depressed collector voltage

dynamic, with depressed collector voltage
current cut-out region
measuring range

Getter-ion pump voltage

Pump current

Internal resistance of the pump supply
Accelerator current

Series resistor in accelerator circuit
Temperature of focusing magnets

Inlet temperature of cooling air

max.

max.

max.

max.

min.

max.

max.

max.

max.
max.

max.

max.
max.
min.
max.
min.
max.
min.
max.

max.
min.

15

15

10
75

650
75

10

30
60

20

20 to 50
60

4
25

15

300

—0.2 to +2
10

55

45
5

mA

mA
mA

mA

mA
mA

kV
kV

mA
k2
mA
kQ
oc
oC
oC

March 1980
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YK1210

TYPICAL OPERATION

Frequency range 11.8t0 12.2 GHz

Bandwidth (—1 dB) =12 MHz

Power gain 50 (= 49) dB
without depressed | with depressed
collector voltage collector voltage

As vision transmitter

Collector to cathode voltage 10.5 8.5 kV
Body to collector voltage 0 2 kV
Cathode current 04 0.4 A

Output power, sync 1.15 1.156 kW

As sound transmitter

Collector to cathode voltage 10.5 8.5 kV
Body to collector voltage 0 2 kV
Cathode current 0.4 0.4 A

Qutput power 1.05 1.05 kW

As transposer (W, nom. 100 W)

Collector to cathode voltage 10.5 8.0 kV
Body to collector voltage 0 25 kV
Cathode current 0.4 0.4 A
Output power, sync 105 105 W
Intermodulation products < -57 < -57 dB
As transposer (W, nom. 200 W)

Collector to cathode voltage 12 9 kV
Body to collector voltage 0 3 kV
Cathode current 0.5 0.5 A
Qutput power, sync 210 210 w
Intermodulation products < -57 < -57 dB
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S.H.F. power klystron

YK1210

GENERAL NOTES ON POWER SUPPLY DESIGN

range* internal resistance hum
Heater voltage 45t06.5V The heater current Corresponding to
(max. 5 A) should not exceed a non-smoothed three-
value of 8 A when phase bridge rectifier
switching on the supply
Body to collector 0/2.0/2.5/3.0kV
voltage 100 mA continuous <600 2 <0.1%
200 mA peak
Collector to cathode 8.0/8.5/9.5 kV with
voltage** depressed collector
voltage <600 2 <0.1%
10.5/11.5 kV without
depressed collector
voltage
Body to accelerator Via potentiometer. Total resistance ~ 5 M2 and series
voltage resistor 10 k&2 (suitable for 15 kV) between accelerator
electrode and tap.
PRODUCT SAFETY

R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to
the human body, particularly to the eyes. Such radiation may be increased if the tube is function-
ing incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary.
The emisson intensity of X-rays may correspond to a value of voltage much higher than that
expected from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

* Maximum allowable deviation from nominal or set values:

a) +2% during adjustment, if the published performance is to be attained.
b)+1% fluctuation of the set values during operation to maintain the performance.

** |t is recommended that additional taps be made ~ 500 V above and below the indicated values.

April 1985
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YK1220
YK1223

U.H.F. POWER KLYSTRONS

For u.h.f. band 1V/V vision transmitters and sound transmitters.

Metal-ceramic construction, four external cavities, electromagnetic focusing and a high-stability
dispenser type cathode.

Suitable for vapour, vapour-condensation or water cooling.

YK 1223 comprising a non-intercepting annular beam control electrode (ABC) for low-voltage beam
modulation.

QUICK REFERENCE DATA

Frequency range 470 to 860 MHz
Output power as vision transmitter 10 and 15 kW
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage \ 50 V*
Heater current lf =~ 19510225 A 1
Cold heater resistance Rio = 25 mQ
Waiting time 2
atVg=50V t,y min. 300 s
atV¢=4.3t0 4.5V (black heat) w  min. 0 s
FOCUSING
Focusing coil current 8to11 A
Resistance of focusing coils
cold (20 °C) 721095 @
operating at an ambient temperature of 20 °C < 11 Q
BEAM CONTROL for YK1220 6,7

The accelerator electrode voltage allows adjustment of the beam current
between 0 and 100 %.

BEAM CONTROL for YK 1223 6,7

The klystron comprises a non-intercepting annular beam control electrode
(ABC) for low-voltage beam modulation. See Fig. 7.

Additionally the accelerator electrode voltage allows adjustment of the beam
current between 0 and 100%.

GETTER-ION PUMP SUPPLY 3

Pump voltage, no-load condition 3to 4 kV
Internal resistance of supply 300 k@

*During operation the heater voltage may not fluctuate more than +1 or —2 %.
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YK1220
YK1223

MECHANICAL DATA

Dimensions in mm

Fig. 1.
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U.H.F. power klystrons

YK1220
YK1223
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YK1220
YK1223

MASS AND DIMENSIONS

Klystron
net approx. 25 kg
gross approx. 77 kg
outline dimensions
of packing (cm) 170 x 45 x 46
Cavities approx. 45 kg

Magnet frame with coils approx. 220 kg

MOUNTING

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 2.5 m, excluding hoist, is required.

COOLING
Cavities 1, 2, 3 and 4, drift tubes 4 and 5
and cathode socket forced air, T; max. 50 o¢
g~ 1.2 m*®/min, Ap = 350 Pa (3.5 mbar)
Cathode socket only, during black heat forced air, Ti max. 50 °C, q~0.15 m*/min
Collector vapour with boiler TE1189C, note 4
volume of water converted to steam: 27 cm?®/min
per kW collector dissipation resulting in 43 £/min
steam per kW collector dissipation;
water or vapour condensation (with water jacket
TE1189A) g =7 to 18 &/min, T, max. 90 ¢,
see Fig. 4. For 10 ¢/min, Ap = 16 kPa (0.16 bar).
PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.

92 December 1985



U.H.F. power klystrons

YK1220

YK1223
ACCESSORIES
Correct operation can be guaranteed only if approved accessories are used. notes
Collector radiation suppressor TE1182B
Spark gap TE1183
Set of connectors
(heater, cathode, accelerator electrode, getter-ion pump) TE1184
Magnet frame with coils TE1188
water cooling or | vapour
vapour conden- cooling
sation cooling
Collector cooling jacket TE1189A TE1189C
Temperature sensor - TE1199 11
Tool set TE1190
Cavities 4xTE1185
Inlet coupler and load coupler for cavities 2 and 3 3 xTE1186C 12
Output coupler, 3 1/8 inch, 90°-elbow TE1187C 13,14
Arc detector TE1107B
Recommended circulators (optional)
470 to 600 MHz 2722 162 01551 (T100/1V-N)
600 to 800 MHz 2722 162 01561 (T100/V-N)
790 to 1000 MHz 2722 162 03261 (T100/V-3-N)
LIMITING VALUES (Absolute maximum rating system)
Heater voltage max. 6.5 V
Beam voltage max. 21 kV
Cold cathode voltage max. =21 kV
Beam current max. 3 A
Body current max. 100 mA
Accelerator electrode current max. 5 mA 5
Collector dissipation max. 42 kW
Load VSWR max. 1.5
Temperature of tube envelope max. 175 ©C
Static pressure in the cooling system TE1189A max. 600 kPa ( 6 bar)
Focusing coil current max. 11.5 A
ABC-electrode voltage with respect to cathode for YK1223 max. —1 kV
PERFORMANCE DATA
of ABC-electrode for YK1223 min. typ. max.
Capacity 70 75 85 pF
D.C. current at —1000 V* - - 05 mA

* The d.c. electrode current may rise up to max. 1 mA during life time. The applied modulator should

be designed for an ABC-electrode current of at least 1 mA.
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YK1220
YK1223

TYPICAL OPERATING CONDITIONS (modulation electrode YK 1223 at cathode potential)

As 10 kW vision transmitter
Standard CCIR:

Channel

Output power, peak sync.
Beam voltage

Beam current

Accelerator to cathode voltage

Body current
without drive

at black level
Focusing coil current
Drive power, peak sync., max.
Operating efficiency
Minimum efficiency

Sound transmitter
Output power

Beam voltage

Beam current

Accelerator to cathode voltage
Body current

Focusing coil current

Drive power,
channel 21

channel 45

channel 68
Bandwidth at —1 dB points
Operating efficiency

G [ G [

21 45

11 11
13 135 | 15 15
195 205|155 155
~12 ~125 |~10 =~10
~10 ~10 | ~7 =7
~50 ~50 |~35 =~35
~10 ~10| ~9 =~9
10 15 6 10
43 40 | 47 47
42 40 | 46 44

1.1 2.2
13 16 13 16
038 03 05 04
~35 ~30 ~45 ~35

15 ~15

10 ~10

4 4

2 2

1 1

> 300 >300

22 34

G
68
1

5.6

18.5
0.8
~ 6.0
~ 15
~10

=300
37

kW
kV

kV

mA
mA

%
%

kW

kHz
%

notes
10
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U.H.F. power klystrons YK1220

YK1223

As 15 kW vision transmitter notes
Standard CCIR: G | G | G | 10
Channel 21 45 68
Output power, peak sync. 16.5 16.5 16.5
Beam voltage 16.5 165 | 17.56° 175 19 19 kV
Beam current 235 26| 20 20195 195 A 6
Accelerator to cathode voltage ~135 =145 |=12 =~12 |~12 =12 kV 7
Body current

without drive ~10 ~10 | =7 =7 ~7 =7 mA

at black level ~ 50 ~70 |=45 =45 |~40 =40 mA
Focusing coil current ~ 10 ~ 10 ~9 ~9 ~9 ~8 A
Drive power, peak sync. max. 10 185 8 10 6 10w 8
Operating efficiency 43 43 47 47 45 45 %
Minimum efficiency 42 40 46 44 44 43 %
Sound transmitter
Output power 1.65 33 kW
Beam voltage 165 19 155 19 kV
Beam current 0.37 03 0.63 05 A 6
Accelerator to cathode voltage ~35 ~30 ~5.0 ~45kV 7
Body current ~ 15 ~15 mA
Focusing coil current ~ 10 ~ 10 A 9
Drive power,

channel 21 4 4 W 8

channel 51 2 2 w 8

channel 68 1 1 w 8
Bandwidth at —1 dB points =300 > 300 kHz
Operating efficiency 29 34 %
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YK1220
YK1223

Notes
1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 4.3to 4.5 V (black heat), the beam current
may be switched on; the heater voltage must be increased to its nominal value of 5.0 V
simultaneously. Continuous black heat periods should not exceed two weeks and should be
separated by similar periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least
every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 k2 -cm).

5. The accelerator electrode voltage must not be positive with respect to the body (ground).

6. For cathode current versus accelerator-to-cathode voltage, see Fig. 5.

7. The accelerator electrode has to be connected to its supply (power supply or voltage divider) via a
10 kQ resistor.

For adjusting the cathode current a voltage divider should be dimensioned according to an accele-
rator electrode current of max. 1.5 mA.

8. The drive power is defined as the power delivered to a matched load.

9. Value is not critical. It may be set in accordance to the vision klystron focusing coil current. Ope-
ration of one vision and one sound klystron focusing units in series is admitted.

10. Standard CCIR-G: klystron tuned to frequency response according to the specification CCIR-G.
Standard CCIR-I: klystron tuned to frequency response according Fig. 3.

dB
+1
7 e 7
90,25/
-2 -1 0 1 2 3 4 5 6 Af(MHz)
7
P .
g Fig. 3.
-1
7/ VX 742 028
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U.H.F. power klystrons

YK1220
YK1223

11. Optional.

12. Standard equipment is directly controlled on the side of trolley. In case of front panel control
TE1186A is available instead of TE1186C.

13. Output coupler 1 5/8" (TE1187B for direct control, TE1187A for front panel control) is also
available. Please contact manufacturer.

14. The output couplers comprise a standard loop. For several channels a modified loop is to be used.
Please indicate channel when ordering.
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YK1230
YK1233

U.H.F. POWER KLYSTRONS

For u.h.f. band IV/V vision transmitters and sound transmitters.

Metal-ceramic construction, four external cavities, electromagnetic focusing and a high-stability
dispenser type cathode.

Suitable for vapour, vapour-condensation or water cooling.

Y K1233 comprising a non-intercepting annular beam control electrode (ABC) for low-voltage
beam modulation.

QUICK REFERENCE DATA

Frequency range 470 to 860 MHz
Output power as vision transmitter 20, 25 and 30 kW
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING, indirect by d.c. notes
Cathode dispenser type
Heater voltage \ 50 Vv*
Heater current I¢ ~ 195t0225 A 1
Cold heater resistance Rig = 25 mQ
Waiting time 2
atVg=5.0V ty min. 300 s
at V¢=4.31t0 4.5V (black heat) T min. 0 s
FOCUSING
Focusing coil current 8to11 A

Resistance of focusing coils
cold (20 °C) 72t095 Q
operating at an ambient temperature of 20 °C 11 2

N

BEAM CONTROL for YK1230 6,7

The accelerator electrode voltage allows adjustment of the beam current
between 0 and 100 %.

BEAM CONTROL for YK1233 6,7

The klystron comprises a non-intercepting annular beam control electrode
(ABC) for low-voltage beam modulation. See Fig. 7.

Additionally the accelerator electrode voltage allows adjustment of the beam
current between 0 and 100%.

GETTER-ION PUMP SUPPLY 3
Pump voltage, no-load condition 3to4 kV
Internal resistance of supply 300 k2

*During operation the heater voltage may not fluctuate more than £ 1 or —2 %.
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YK1230
YK1233

MECHANICAL DATA

Dimensions in mm
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YK1230
YK1233

MASS AND DIMENSIONS

Klystron
net approx. 40 kg
gross approx. 90 kg
outline dimensions
of packing (cm) 170 x 45 x 46
Cavities approx. 45 kg

Magnet frame with coils approx. 220 kg

MOUNTING

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 2.6 m, excluding hoist, is required.

COOLING
Cavities 1, 2, 3 and 4, drift tubes 4 and 5
and cathode socket forced air, Ti max. 50 °C
q~ 1.2 m®/min, Ap = 350 Pa (3.5 mbar)
Cathode socket only, during black heat forced air, T; max. 50 9C, g ~ 0,15 m3/min
Collector vapour with boiler TE1189D, note 4
volume of water converted to steam: 27 cm®/min
per kW collector dissipation resulting in 43 £/min
steam per kW collector dissipation;
water or vapour condensation (with water jacket
TE1189F) g = 16 to 36 &/min, T, max 90 °C,
see Fig. 4. For 10 ¢/min, Ap =16 kPa (0.16 bar).
PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger tn the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.
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U.H.F. power klystrons YK1 230

YK1233
ACCESSORIES
Correct operation can be guaranteed only if approved accessories are used. notes
Collector radiation suppressor : TE1182B
Spark gap TE1183
Set of connectors
(heater, cathode, accelerator electrode, getter-ion pump) TE1184
Magnet frame with coils TE1188
water cooling or | vapour
vapour conden- cooling
sation cooling
Collector cooling jacket TE1189F TE1189D
Temperature sensor - TE1199 11
Tool set TE1190
Cavities 4 x TE1185
Inlet coupler and load coupler for cavities 2 and 3 3x TE1186C 12
Output coupler, 3 1/8 inch, 90° elbow TE1187C 13
Arc detector TE1107B 14
Recommended circulators (optional)
470to 600 MHz 2722 162 01551 (T100/1V-N)
600to 800 MHz 2722 162 01561 (T100/V-N)
790 to 1000 MHz 2722 162 03261 (T100/V-3-N)
LIMITING VALUES (Absolute maximum rating system)
Heater voltage max. 65 V
Beam voltage max. 26 kV
Cold cathode voltage max. —26 kV
Beam current max. 3.8 A
Body current max. 120 mA
Accelerator electrode current max. 5 mA 5
Collector dissipation max. 70 kW
Load VSWR max. 1.5
Temperature of tube envelope max. 175 ©C
Static pressure in the cooling system TE1189F max. 600 kPa (6 bar)
Focusing coil current max. 115 A
ABC-electrode voltage with respect to cathode for YK1233 max. —1 kV

PERFORMANCE DATA

of ABC-electrode for YK1233 min.  typ. max.
Capacity 70 75 85 pF
D.C. current at —1000 V* - - 05 mA

* The d.c. electrode current may rise up to max. 1 mA during life time. The applied modulator should

be designed for an ABC-electrode current of at least 1 mA.
w Gcember 1985
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YK1230
YK1233

TYPICAL OPERATING CONDITIONS (modulation electrode YK 1233 at cathode potential)

As 20 kW vision transmitter
Standard CCIR-G

Channel

Output power, peak sync.
Beam voltage

Beam current

Accelerator to cathode voltage

Body current
without drive
at black level

Focusing coil current
Drive power, peak sync.
Operating efficiency
Minimum efficiency

Sound transmitter
Output power

Beam voltage

Beam current

Accelerator to cathode voltage
Body current

Focusing coil current

Drive power,
channel 21
channel 45
channel 68
Bandwidth at —1 dB points

Operating efficiency

21 45 68
22 22 22
195 20 22
2.7 2.45 2.2
~15 ~ 14 ~13
~ 10 ~7 ~7
~ 50 ~45 ~ 40
~10 ~9 ~9
15 10 10
42 45 45
41 44 44

22 4.4
195 22 195 22
04 035 06 055
~35 ~30 ~50 =~45

~ 15 ~15

~ 10 ~10

4 4

2 2

1 1

> 300 > 300

28 37

kW
kV

kv

notes

00
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U.H.F. power klystrons

YK1230

YK1233

As 25 kW vision transmitter notes
Standard CCIR: G | G | G | 10
Channel 21 45 68
Output power, peak sync. 27 27 27 kW
Beam voltage 21 19| 215 215|235 235 kV
Beam current 3 345 2.8 28 25 255 A
Accelerator to cathode voltage ~16 ~ 175 =15 =15 |=14 =14 kV 7
Body current

without drive ~10 =10 | =7 =7 | =7 =7 mA

at black level ~60 ~80 [~50 =50 |~45 ~50 mA
Focusing coil current ~10 ~10| =9 =9 | =9 =9 A
Drive power, peak sync., max. 15 25 10 20 10 20 W 8
Operating efficiency 42 41 45 45 46 45 %
Minimum efficiency 41 40 44 44 44 43 %
Sound transmitter
Output power 2.7 5.5 kW
Beam voltage 19 235 19 235 kV
Beam current 0.47 0.38 0.7 0.55 A
Accelerator to cathode voltage ~47 =41 ~5.5 ~ 45 kV 7
Body current ~15 ~15 mA
Focusing coil current ~ 8 =10 A 9
Drive power,

channel 21 4 4 w 8

channel 45 2 2 w 8

channel 68 , 1 1 w 8
Bandwidth at —1 dB points =300 = 300 kHz
Operating efficiency 30 41 %

w April 1985

105



YK1230
YK1233

TYPICAL OPERATING CONDITIONS (continued)
modulation électrade YK 1233 at cathode potential

As 30 kW vision transmitter
Standafc{ o
Channel
Outpumpgwer peak sync.
Beamn vaf\agh
Beam.ou}gah’ .
Aceelé@fql (:eﬂmde
Boo‘y C\JN’W& 2
withmgﬂéve N
at m@myej ‘
Focuwlg.epﬂ'.currant
Drive RQWAEﬂ A
pee’-&sw"c Atax.
Operaﬂmz vtﬁcremv
Mlnid'mn \ofieﬁmcy

Stxundm\vmtnr

Aceeleratm\m cathode
voltage' *.* "

Body cun:em'
Focusing coil-current

Drive power,
Standard* M

14"
42
69

Bandwidth at —1 dB points

channel
channel
channel

Operating efficiency

X 2

14

G| M| K| G| M| K| G| M| K
21 [1a] 21 [ 4242 [42 |62 |89 |62
32 32 32 32 32
23 23 21 24 2%
33 33 37 2.95 2.85
176 175 185 16.5 18
10 10 10 7 s
50 50 50 45 L6
9 9 10 8 LR
Iva >
25 25 25 20 -l T
42 42 M 45 . v M
41 41 40 '7 S R T
L
SO >
oL R 2B
o . 030
~45 ~42
Tolomtg
L8
L4
C 2
Lo
300
.34

*Standards: CCIR-G, RTMA-M, RTMA-M* and CCIR-K.

kW
kV

kV

mA
mA

kV

»

kV

>

z

£z s

notes
10

00 00 0o
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U.H.F. power klystrons

YK1230

YK1233

Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 4.3 to 4.5 V (black heat), the beam current may be
switched on; the heater voltage must be increased to its nominal value of 5.0 V simultaneously.
Continuous black heat periods should not exceed two weeks and should be separated by similar
periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least
every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 kQ2-cm).

5. The accelerator electrode voltage must not be positive with respect to the body (ground).

For cathode current versus accelerator-to-cathode voltage, see Fig. 5.

7. The accelerator electrode has to be connected to its supply (power supply or voltage divider) via a
10 kQ resistor.

For adjusting the cathode current a voltage divider should be dimensioned according to an
accelerator electrode current of max. 1.5 mA.

8. Thedrive power is defined as the power delivered to a matched load.

9. Value is not critical. It may be set in accordance to the vision klystron focusing coil current.
Operation of one vision and one sound klystron focusing unit in series is admitted.

10. Standard CCIR-G: klystron tuned to frequency response according to the specification CCIR-G.
Standard CCIR-|: klystron tuned to frequency response according Fig. 3.
Standard CCIR-M: klystron tuned to frequency response according to the specification CCIR-M.
dB
+1
/ /
*0,25/
-2 -1 0 025 1 2 3 4 5 6 Af(MHz) Fig. 3.
s/
-1
7 VX 742 028
11. Optional.

12. Standard equipment is directly controlled on the side of trolley. In case of front panel control

TE1186A is available instead of TE1186C.

13. The output couplers comprise a standard loop. For several channels a modified loop is to be used.

Please indicate channel when ordering.

14. One arc detector for cavity 4 is required. For output power > 15 kW an additional arc detector for

cavity 3 is recommended.

December 1985
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YK1230
YK1233

100 VG3733130.2 1. - VM 733146.1
T = |
(o) oo o i
To max ;é; 1
= J
80 3
o T |
7 T 2 I |
0 // g i i .[ T
60 A Ti max [ |
4 ]
50 J/ 2 ]
40 A 1 T
/ Emm i
30
1
20
10 n y
vapour water d
Y°p°"l' “corlxdenszl:tion" cooling > 7
0 0
0 0,2 0,4 06 08 0 5 10 15 20 25
Q (1/min kW) Accelerator to cathode voltage (kV)
Fig. 4. Fig. 5.
50 7285694
ey — -Vy= [
E ~—_ 800V
g 40 .
c \\\
S 600V
é 30 — \!’\ -
£ ———_| 400V

20 ,\\

— 200V
\ |
10 E— 100V
0
15 2 25 3 35

unmodulated beam current (A)

Fig. 6 ABC-operation for YK1233.
Parameter: modulation voltage —Vy,
(with respect to cathode).
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YK1240

HIGH-POWER KLYSTRONS

Fixed frequency, high-power klystron in metal-ceramic construction, for use in scientific and industrial
applications. The tube has internal cavities, solenoid focusing, and a high stability dispenser-type cathode.

QUICK REFERENCE DATA

Centre frequency (fixed tuned) 1300 MHz
Bandwidth note 1
Pulse output power 330 kw
Cooling

collector water

body air

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by a.c.

Cathode dispenser type
min. typ. max.
Heater voltage Vs 7 7.8 85 V note 2
Heater current l¢ 31 32 33 A
Cold heater resistance R¢o - 30 - mQ
Waiting time tw 10 15 — minutes

FOCUSING: electromagnetic

Solenoid current " 12 13 A

Solenoid voltage - - 200 V

GETTER-ION PUMP SUPPLY

Operating voltage 3 4 5 kV

Operating current = 5.1073 5 mA

Internal resistance of power supply - 300 - kQ
90 %

Notes

1. Bandwidth, see Fig. 1.
An input signal with an edge of 1 us will be transmitted

without discernable overshooting of the output signal. Fig. 1.
2.Typical values are adjusted at the supplied 10%

heater transformer, which is mounted inside »>T

of the oil container (primary voltage 220 V). > 1psf

w member 1985
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YK1240

MECHANICAL DATA

Dimensions in mm

Heater conn

ection

Focusing electrode connection

Cathode
connection
Sealing ring
Pole flange gun side
e 200 o
Getter-ion
pump
/ connection for
4 arc defector
};llz;;;on R.F output
WZSO e (CPR 650G)
208 y [T 288
i 80/{' M7
AR R
Pole flange R.Finput 834
collector (N-female)
Flange for
cooling water
jacket and 429
lifting yoke

550

VX722740

Fig. 2.
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High-power klystron

YK1240

2300

—— TE 1243

33— TE 1247

LF‘I

Getter-ion
500 pump
1180 450
TE1241
T J"I' 0.0
1 l l

1100

VX722 741

Fig. 3 Complete assembly consisting of tube, trolley, oil tank,
focus mount, r.f. transition and operational lead shieldings.
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YK1240

COOLING
Cooling is achieved by demineralized
water with 10 % stabilized glycol added min. typ. max.
pressure in any cooling water circuit - — 900 kPa (=9 bar)
pressure drop - - 100 kPa  (=1bar)
Collector
cooling water flow rate 8 15 30 &/min
inlet water temperature +15 +20 +30 °C
outlet water temperature +15 +25 +60 ©C
MASS
Net mass of complete assembly 350 kg
DIMENSIONS
Tube and mounting frame see drawings
Required ground clearance for lifting hoist min. 450 cm
Capability of hoist min. 250 kg
MOUNTING vertical, collector up

R.F. CONNECTORS

Input N-type, female, 50
Output waveguide WR650 / CRP650G
OIL CONTAINER, contents approx. 70 €
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High-power klystron

YK1240

ACCESSORIES

A. Tube parts (factory fitted)

The tube will be shipped without
additional factory fitted parts.

B. Operational parts for first equipment

Operational frame, consisting of trolley,
oil container, heater transformer, di/dt sensor,
focusing coil unit and cathode plug-connections

Collector water cooling jacket

Temperature sensors for water inlet,
—outlet and collector

30° waveguide bend (H-plain)
Arc detector

C. Optional parts
H.V. cable with R3 plugs, length 6 m
H.V. dummy plug R3

D. Parts for handling
Yoke for lifting klystron vertically

Lifting frame for storage and any movement
of a burnt-out or spare klystron in any
other position than vertical

TE1241
TE1243

TE1245
TE1247
TE1249

TE1159
TE1161

TE1251

TE1253

\ (March 1985
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YK1240

LIMITING VALUES (Absolute maximum rating system)

Heater voltage, a.c. max. 85 V

Heater current, a.c. max. 33 A note 1
Cathode voltage to body max. —-65 kV

Cathode current max. 12 A

Collector dissipation max. 650 kW note 2
Pulse output power max. 330 kW

Pulse length max. 2 s

Ratio max. 1/100

Load VSWR max. 1.2

Input power, d.c. max. 650 kW

TYPICAL OPERATING CONDITIONS

325 kW pulse output power (VSWR < 1.1) typ.
Cathode voltage —60 kV
Cathode current 1" A
Input power, d.c. 600 kW
Collector dissipation 330 kW
Efficiency 50 %
Drive power 27 W
Pulse length 1.5 s
Ratio 1/200

PERFORMANCE DATA

Phase shift to cathode current <20 9A
Phase shift to rel. cathode voltage <20 9%
R.F. output to rel. cathode voltage < 03 dB/%
Harmonic levels to fundamental < 30 dB
Signal-to-noise ratio > 50 dB
Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 40 A.
2. Maximum dissipation can be tolerated up to 0.5 s.
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High-power klystron YK1 240

INSTALLATION AND OPERATION REQUIREMENTS
A. Required interlocks

1. Fast switch-off of the drive power within 10 ms has to be done if the arc detector and/or r.f.
reflection indicator is activated. An arc detector must be provided at the output waveguide.

2. A fast switch-off of the beam supply has to be provided when one of the following situations occurs:

a) the beam current increases rapidly,
b) the solenoid current deviates by more than 5% from the adjusted value,
c) when the body current exceeds 500 mA.

The switching sensors and the discharge facilities for the power supply must be designed so that
a copper wire of 0.35 mm diameter, connected to the power supply instead of the klystron
(length approx. 1 cm/kV), will not be destroyed, if the full operating voltage is switched on
and applied to the wire.
3. The mains for the beam power supply has to be switched off within 100 ms when one of the follow-
ing situations occur:
a) the collector temperature monitor (with internal thermocouple) is activated
(adjusted to maximum temperature),

b) the monitored temperature differences between inlet and outlet in the collector and/or body
cooling circuits are too high;

max. values permitted: A6 =30 K

c) the beam current either exceeds the limiting value or increases by more than 30% or max. 2 A
above the adjusted value,

d) the water flow of the collector and body cooling circuit decreases below the required minimum
value.

Restarting is not allowed within 10 s after any interruption.

B. Switching-on and off sequence
Switching-on sequence

Getter-ion pump supply on.

Check that the pump current is < 1 mA.
Heater voltage supply on.

Wait for preheating time (min. 10 minutes).
Cooling of focusing.

Collector cooling supply on.

Solenoid current supply on.

R.F. drive on.

Beam voltage supply on.

© 00 NI O b WM =

Switching-off sequence

1. Beam voltage supply off.
2. All other supplies and cooling circuits off.

w ( November 1985
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YK1240

C. Radiation dangers
R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emisson intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

This tube and accessories are equipped with a lead shielding which under normal conditions reduces
the radiation values below 0.75 mR/h, measured at a distance of 1 m from the tube assembly.

116
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YK1250

CONTINUOUS-WAVE HIGH-POWER KLYSTRON

Water cooled, high efficiency, fixed frequency, continuous-wave high-power klystron in metal-ceramic
construction, for use in scientific and industrial applications. The tube has internal cavities, solenoid
focusing, beam control by accelerator anode and a high stability dispenser-type cathode.

QUICK REFERENCE DATA

Centre frequency (fixed tuned)

Bandwidth at saturation (—1 dB points)

QOutput power
Cooling

999.3 MHz
4 MHz
400 kW
water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for

KLYSTRONS.

HEATING: indirect by a.c. or d.c.
Cathode

Heater voltage A
Heater current l¢
Cold heater resistance Rto
Waiting time ty

FOCUSING: electromagnetic
Solenoid current

Solenoid voltage

Solenoid resistance

GETTER-ION PUMP SUPPLY
Operating voltage
Operating current

Internal resistance of power supply

min.

8.0
24

25

typ.
8.5
26
30

3.3
107
300

dispenser type

max.
9.0
28

20
200

80

Y
A notes 1, 2
mQ

minutes

<

kV
mA
kQ

\ (November 1985
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YK1250

MECHANICAL DATA

Dimensions in mm

Cathode,heater
SN

Anode I
e N

la— 200+‘ = 210 —~

Getter-ion
pump

T 5 99

%

T %

R.F

Q odfbut
[
1 5 [}
i

210
—— S 290
| . s |
) PR N
Air inlet for
window cooling
Body cooling,
r.f. input Klystron 21
flange
1433

10

\ VX7227351

Fig. 1.
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Continuous-wave high-power klystron

YK1250

Tube mounted in the mounting frame with solenoid.

FK
009 | TE 1163A

TE 1205

—5304—1
|

| TE 1201

I ﬁ:ﬂ- o )

U

3080
TomeE T
e Tl
1 I
I
' 1860
v L-TE1200

_:L:j] FT TE 1204

H @ i
3 i
7

VX 7227361

Fig. 2.
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YK1250

COOLING min. typ. max.

Collector
demineralized or distilled water
with 10% stabilized glycol added 350 450 550  ¢/min note 3

pressure drop - 100 - kPa (=1 bar)

Body circuit |
demineralized or distilled water
with 10% stabilized glycol added 5 7 - ¢/min note 3

pressure drop - 300 - kPa (= 3 bar)

Body circuit 11
demineralized or distilled water
with 10% stabilized glycol added 7 9 — 2/min note 3

pressure drop — 300 - kPa (= 3 bar)

Cathode socket and accelerator anode
air 2 — - m?/min
pressure drop - - 500 Pa (=5 mbar)

Output window
air - 2 - m?/min

pressure drop - 2 - kPa (=20 mbar)
Inlet water temperature - - +50 ©°C
Inlet air temperature — - +45 ©OcC

MASS

Net mass YK1250 300 kg
Mounting frame with solenoid 750 kg
Capability of hoist min. 600 kg

DIMENSIONS
Tube and mounting frame see drawings
Required ground clearance for lifting hoist min. 450 cm

MOUNTING vertical, cathode up

R.F. CONNECTORS
Input N-type, female
Output waveguide R9 (WR — 975)
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Continuous-wave high-power klystron

YK1250

ACCESSORIES
A. Tube parts
Waveguide coupling iris (if required) note 4
Magnet for getter-ion pump (factory fitted)
B. Operational parts for first equipment
Collector water cooling jacket TE1200
Waveguide transition, R9 TE1201 note 5
Anode ring TE1202
Cathode ring TE1203
H.V. connection unit with four R3 sockets TE1163A note 6
Klystron trolley TE1204
Focusing coil unit TE1205
Connection cables

heater/cathode 2 x TE1206A

heater 1 x TE1206B

accelerator anode 1 x TE1206C
C. Parts for handling note 7
Yoke for lifting TE1205 and TE1163 TE1208
Yoke for lifting and turning
a klystron from any position TE1209
Supporting frame for storage and any
movement of burnt-out or spare klystrons
in any position other than vertical TE1210
Trolley for transportation of a klystron
in horizontal position without lifting gear TE1211
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YK1250

LIMITING VALUES (Absolute maximum rating system)

Heater voltage

Heater current

Cathode voltage to body (ground)
Cold cathode voltage to body (ground)
Cathode current

Accelerator anode voltage to cathode

Cold accelerator anode voltage to cathode

Accelerator anode current
Collector dissipation
Dissipation body circuit |
Dissipation body circuit |1
C.W. output power

Load VSWR

Temperature rise, window cooling air flow

TYPICAL OPERATING CONDITIONS
350 kW operation into matched load
Cathode voltage to body (ground)
Cathode current

Input power, d.c.

Accelerator anode voltage to cathode
Accelerator anode current

C.W. output power, VSWR < 1.1
Collector dissipation

Efficiency

C.W. drive power

400 kW operation into matched load
Cathode voltage to body (ground)
Cathode current

Input power, d.c.

Accelerator anode voltage to cathode

Accelerator anode current

C.W. output power, VSWR < 1.1
Collector dissipation

Efficiency

C.W. drive power

} max. 10% above specified values

max.
max.
max.
max.
max.
max.
max.
max.
max.
max.
max.

max.

min. typ.
—54 —56
0 10.4

— 614

330 350
= 264
55 57

= —-60.3
s 11.8
—_ 712
- 345

= 0.3

- 418
- 294

-61
—65
12
41
45
10
700
10
10
420
1.2
70

max.

500

40

12

40

500

40

kV
kV
A
kV
kV
mA
kW
kW
kW
kW

kV

kW
kV

mA
kW
kW
%

kV

kW
kV
mA
kW
kW
%
w

note 8

note 9

note 10

note 9

note 9
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Continuous-wave high-power klystron YK1250

PERFORMANCE DATA

Phase shift to cathode current < 20 9A
Phase shift to rel. cathode voltage < 20 9%
Phase shift to r.f. drive < 12 9/dB
R.F. output to rel. cathode voltage < 03 dB/%
Spurious noise amplitude

for f < 300 Hz < 3 %

forf= 300 to 1000 Hz < 1 %

for f > 1000 Hz < 05 %
Notes

1.  When switching on the heater voltage, the heater current must never exceed a peak value of 60 A.
Required values are given with each tube.

For further recommendations please contact the tube manufacturer.

Separately shipped together with each tube and to be returned together with each burnt-out tube.

It is recommended to return the coaxial waveguide transition together with burnt-out tube for
inspection.

U

R3 sockets are only usable together with optional R3 plugs.
These parts are needed for all handling operations at the site (only one set required).
The accelerator anode voltage may never become positive with respect to the body (ground).

©®No

It must be observed that for operation with reduced r.f. drive the maximum value for collector
dissipation is not exceeded.

10. For reflections exceeding this value please contact the tube manufacturer.

\ (March 1985
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YK1250

INSTALLATION AND OPERATION REQUIREMENTS
A. Required interlocks
1. Fast switch-off of the drive power within 10 ms has to be done if the arc detector and/or r.f.
reflection indicator is activated. An arc detector must be provided at the knee of the output wave-
guide.
2. A fast switch-off of the beam supply has to be provided when one of the following situations occurs:
a) the beam current increases rapidly,
b) the solenoid current deviates by more than 5% from the adjusted value.
The switching sensors and the discharge facilities for the power supply must be designed so that
a copper wire of 0.35 mm diameter, connected to the power supply instead of the klystron
(length approx. 1 cm/kV), will not be destroyed, if the full operating voltage is switched on
and applied to the wire.
3. The mains for the beam power supply has to be switched off within 100 ms when one of the follow-
ing situations occur:
a) the beam current either exceeds the limiting value or increases by more than 30% or max. 2 A
above the adjusted value,
b) the pump current exceeds 10 uA ,
c) the collector temperature monitor (with internal thermocouple) is activated (switch-off value
adjustable between 30 and 60 K above the water inlet temperature),
d) the monitored temperarure differences between inlet and outlet in the collector and/or body
cooling circuits are too high;

max. values permitted: collector A9 =15K
body circuit | Af=15K
body circuit |1 A8 =15K
e) the water flow of the collector and body cooling circuits decreases below the required minimum
value,

f) the air flow for the r.f. window and cathode cooling decreases below the required minimum value.
4. Switch-off the heater voltage for pump current > 4 mA.
Restarting is not allowed within 10 s after any interruption.

B. Switching-on and off sequence
Switching-on sequence

1. Cathode cooling on.
2. Getter-ion pump supply on.
3 Check that the pump current is < 10 pA.
4. Heater voltage supply on.
5.  Wait for preheating time (min. 15 minutes).
6. Cooling air r.f. window on.
7. Cooling body circuits | and Il on.
8. Collector cooling supply on.
9. Solenoid current supply on.
10. Check that the heater current has reached the adjusted value = 0.5 A.
11.  R.F.drive on.
12.  Beam voltage supply on.

Switching-off sequence

1. Beam voltage supply off.
2. All other supplies and cooling circuits off.
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Continuous-wave high-power klystron YK1250

C. Radiation dangers
R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emisson intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

This tube and accessories are equipped with a lead shielding which under normal conditions reduces
the radiation values below 0.75 mR/h, measured at a distance of 1 m from the tube assembly.

\ (March 1985
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YK1263
YK1265

U.H.F. POWER KLYSTRONS

For u.h.f. band I1V/V vision transmitters and sound transmitters.

Metal-ceramic construction, four external cavities, electromagnetic focusing and a high-stability
dispenser type cathode.

Suitable for vapour, vapour-condensation or water cooling.

Comprising a non-intercepting annular beam control electrode (ABC) for low-voltage beam
modulation.

QUICK REFERENCE DATA

Frequency range 470t0 810 MHz note 10

Output power as vision transmitter

YK1263 40 and 55 kW
YK1265 40,55 and 60 kW
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for

KLYSTRONS.
HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage \ 85 V #3%
Heater current I¢ ~ 241028 A 1
Cold heater resistance R = 30 mQ
Waiting time 2
from cold, V= oV tw min. 300 s
from black heat, V¢ =6V t,  min. 0 s
FOCUSING
Focusing coil current 10to 12 A
Resistance of focusing coils
cold (20 °C) 72t095 Q
operating at an ambient temperature of 20 °C < 11 Q
BEAM CONTROL 6,7
The klystrons comprise a non-intercepting annular beam control (ABC) electrode
for low-voltage beam modulation. See Fig. 7.
Additionally the accelerator electrode voltage allows adjustment of the beam
current between 0 and 100%.
GETTER-ION PUMP SUPPLY 3
Pump voltage, no-load condition 3to4 kV
Internal resistance of supply 300 k@

w (December 1985
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YK1263
YK1265

MECHANICAL DATA

Dimensions in mm
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U.H.F. power klystrons

YK1263

YK1265
jo— {26k —
1E1108") \
1 |
air
inlet
‘ 31/8 EIA
®50 /
G1"
|/ Y
] i
]
J
@\ 15—
1788 L
5
1264 fff\\ 10§1
+
© L
922
+3
I ]
1
+3
Te TE 506
11Lﬁ%\ﬁ“ 2
E ‘
| |« !
fe———— 408 — —--»d
2826 —
‘ 152 >
& _connection for
focusing coils
508 & 130
| earth .
. 6 tapped holes M6
conn. Ny on 266mm p.c. dia.
L

<+ ) 4
S S = A
’ l-—— 508 VX722 1193

Fig. 2.

w ' December 1985

129



YK1263
YK1265

MASS AND DIMENSIONS
Klystron

net
gross

outline dimensions
of packing (cm)

Cavities

Magnet frame with coils

MOUNTING

approx. 79 kg
approx. 232 kg
182x75x 75

approx. 45 kg
approx. 230 kg

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 3 m, excluding hoist, is required.

COOLING

YK1263 Cavities 1, 2, 3 and 4, drift tubes
4 and 5 and cathode socket via
manifold

YK1265 Cavities 1, 2, 3 and 4, drift tube 4

and cathode socket via manifold

Drift tube 5, seperate cooling

Cathode socket only, during black heat

Collector

forced air, T; max. 50 °C
q ~ 2 m3/min, Ap = 1600 Pa (16 mbar)

forced air, T; max. 50 oc
q~3m?3/min, Ap = 1600 Pa (16 mbar)

forced air, T; max. 50 °C, g = 3 m*/min,

flow area ~ 50 cm?

forced air, T; max. 50 0C, g~ 0.15 m*/min
vapour with boiler TE1110B, note 4

volume of water converted to steam: 27 cm?/min
per kW collector dissipation resulting in 43 ¢/min
steam per kW collector dissipation

water or vapour condensation (with water jacket
TE1194B) g = 35 to 60 ¢/min, T max 90 °C,
see Fig. 3. For 60 2/min, Ap = 100 kPa (1 bar)
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U.H.F. power klystrons

YK1263
YK1265

ACCESSORIES

Correct operation can be guaranteed only if approved accessories are used.

Collector radiation suppressor
Anode ring

Cathode ring

Spark gap

Set of connectors

(heater, cathode, accelerator electrode, getter-ion pump)

Cavities

Inlet coupler and load coupler for cavities 2 and 3

Output coupler, 3 1/8 inch, 90° elbow

Magnet frame with coils

front panel controlled

TE1221
TE1141
TE1142B
TE1183

TE1146
4 x TE1224

direct controlled

3x TE1226
and
3 x TE1226D

Collector jacket for water or vapour condensation cooling

Boiler for vapour cooling
Tool set

Temperature sensor

Arc detector

Recommended circulators (optional)

470 to 600 MHz
600 to 800 MHz
790 to 1000 MHz

3x TE1226

TE1227

TE1222

TE1194B note 11
TE1110B note 11
TE1190

TE1199

TE1107B

2722 162 01551 (T100/1V-N)
2722 162 01561 (T100/V-N)
2722 162 03261 (T100/V-3-N)
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YK1263
YK1265

LIMITING VALUES (Absolute maximum rating system)

Heater voltage max. 95 V

Beam voltage max. 28 kV

Cold cathode voltage max. =30 kV

Beam current max. 7 A note 6
Body current max. 150 mA

Accelerator electrode current max. 6 mA note 5
Collector dissipation max. 1560 kW

Load VSWR max. 1.5

Temperature of tube envelope max. 1756 ©°C

Static pressure in the cooling system TE1194B max. 600 kPa (6 bar)
ABC-electrode voltage with respect to cathode max.—1.4 kV

PERFORMANCE DATA

of ABC-electrode min. typ.  max.
Capacity 80 90 100 pF
D.C. current at —1000 V* — - 1T mA
PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each
tube.

* The d.c. electrode current may rise up to max. 2 mA during life time. The applied modulator should
be designed for an ABC-electrode current of at least 2 mA.
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U.H.F. power klystrons YK1263

YK1265

TYPICAL OPERATING CONDITIONS (modulation electrode at cathode potential)
As 40 kW vision transmitter notes
Standard CCIR-G
Channel 21 45 68
Output power, peak sync. 45 45 45 kW
Beam voltage 21 225 245 kV
Beam current 5.2 445 415 A 6,7
Accelerator to cathode voltage 19 175 16.5 kV 5
Body current

without drive 8 5 5 mA

at black level 60 30 30 mA
Focusing coil current 11 10.5 10 A
Drive power, peak sync. max. 20 10 10 W 8
Operating efficiency 41 45 44 %
Bandwidth at —1 dB points 7 7 7 MHz 9
As 55 kW vision transmitter
Standard RTMA-M and RTMA-M*
Channel 14 45 69
Output power, peak sync. 58 58 58 kW
Beam voltage 23 25 26 kV
Beam current 6.0 5.05 485 A 6,7
Accelerator to cathode voltage 215 19 185 kV 5
Body current

without drive 8 5 5 mA

at 58 kW peak sync., black level 80 40 40 mA
Focusing coil current 115 1 105 A
Drive power, peak sync. 20 10 10 w
Operating efficiency 42 46 46 %
Bandwidth at —1 dB points 7 7 d MHz 9
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YK1263

YK1265
As 60 kW vision transmitter (YK 1265 only) notes
Standard* M/G M/G M/G
Channel 14/21 42/42  69/62
Output power, peak sync. 64 64 64 kW
Beam voltage 245 25.5 26,5 kV
Beam current 6.1 5.3 5 A 6,7
Accelerator to cathode voltage 215 20 1856 kV 5
Body current

without drive 8 4 5 mA

at 64 kW peak sync., black level 80 60 40 mA
Focusing coil current 1156 1 105 A
Drive power, peak sync. 20 10 10 w 8
Operating efficiency 43 47.5 48 %
Bandwidth at —1 dB points 7 7 7 MHz 9

As 8 kW FM sound transmitter

Output power 9 9 9 kW

Beam voltage 21 225 245 kV

Beam current 115 1.0 095 A

Accelerator to cathode voltage 7 6.5 6 kV 5

Focusing coil current 9 9
Drive power 5 5 5 w 8
Bandwidth at —1 dB points 1 1 MHz

As 11 kW FM sound transmitter

Output power 12 12 12 kW

Beam voltage 23 25 26 kV

Beam current 1.4 1.2 1 A

Accelerator to cathode voltage 8 7.5 7 kV 7
Focusing coil current 9 9 9 A

Drive power b 5 5 w 8
Bandwidth at —1 dB points 1 1 1 MHz

As 12 kW FM sound transmitter

Output power 13 13 13 kW

Beam voltage 245 255 265 kV

Beam current 1.4 1.3 1.2 A

Accelerator to cathode voltage 8 7.5 7.5 kV 7
Focusing coil current 9 9 9 A

Drive power 5 5 5 W 8
Bandwidth at —1 dB points 1 1 1 MHz

* Standards: RTMA-M, RTMA-M* and CCIR-G.
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U.H.F. power klystrons YK1263

YK1265

As 60 kW vision transmitter (YK 1265 only) notes
Standard* M/G M/G M/G
Channel 14/21 42/42 69/62
Output power, peak sync. 64 64 64 kW
Saturated output power 68 68 68 kW
Beam voltage 25 26 27 kV
Beam current 6.3 5.5 525 A 6, 7
Accelerator to cathode voltage 22 20 19.5 kV 5
Body current

without drive 8 7 5 mA

at 64 kW peak sync., black level 80 60 40 mA
Focusing coil current 1 10.5 10 A
Drive power, peak sync. 20 10 10 w 8
Saturated efficiency 43 47.5 48 %
Bandwidth at —1 dB points 7 7 7 MHz 9
As 6 kW FM sound transmitter
Output power 6.4 6.4 6.4 kW
Beam voltage 25 26 27 kV
Beam current 0.85 0.77 0.72 A
Accelerator to cathode voltage 5.3 5.0 48 kV 5
Focusing coil current 10 9.5 9 A
Drive power 5 5 5 w 8

CW operation for synchrotron radiation sources (YK1265 only)

Frequency ~ 500 =500 MHz
Output power 52 42 kW
Beam voltage 23 21 kV
Beam current 5.6 49 A

*Standards: RTMA-M, RTMA-M* and CCIR-G.
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YK1263

YK1265

Notes

1. Whenswitching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 6 V (black heat), the beam current may be
switched on; the heater voltage must be increased to its nominal value of 8.5 V simultaneously.
Continuocus black heat periods should not exceed two weeks and should be separated by similar
periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least
every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 kQ-cm).

5. The accelerator electrode voltage must not be positive with respect to the body (ground).

6. For beam current (tolerance + 5%) versus accelerator-to-cathode voltage, see Fig. 4.

7. A voltage divider for adjusting the beam current should be dimensioned on the basis of an accele-
rator electrode current of max. 1.5 mA.

8. The drive power is defined as the power delivered to a matched load.

9. Variation of the signal level between black and white at any sideband frequency may cause a
reaction of the peak sync. level. Proper tube design limits this reaction to less than 0.5 dB.

10.  For operation in the frequency range 810 to 860 MHz please contact tube manufacturer.
11.  TE1110B with 1" inletand steam outlet on top. TE1194B with two 1" tube fittings SWAGE LOCK

SS-1610-1-16 at one side of the cooling jacket.
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U.H.F. power klystrons YK1263
YK1265
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YK1263

YK1265
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U.H.F. power klystrons YK1263
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YK1295
YK1296
YK1297

U.H.F. POWER KLYSTRONS

For u.h.f. band 1V/V vision transmitters and sound transmitters.

Metal-ceramic construction, four external cavities, electromagnetic focusing and a high-stability
dispenser type cathode.

Suitable for vapour, vapour-condensation or water cooling.

Comprising a non-intercepting annular beam control electrode (ABC) for low-voltage beam
modulation.

QUICK REFERENCE DATA

Frequency range

YK1295 470 t0 610 MHz
YK1296 590 to 720 MHz
YK1297 710 to 860 MHz
Output power as vision transmitter 40 and 55 kW
Cooling vapour, vapour condensation, or water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by d.c. notes
Cathode dispenser type
Heater voltage Vg = 85 V 3%
Heater current lg = 221027 A 1
Cold heater resistance Ry = 30 mQ
Waiting time 2
atV¢ =85V t, min. 300 s
at V¢ = 6.0 V (black heat) ty min. 0 s
FOCUSING: electromagnetic
Focusing coil current 9t012 A
Resistance of focusing coils
cold (20 °C) 721095 Q
operating at an ambient temperature of 20 °C < 11 Q

BEAM CONTROL

The klystron comprises a non-intercepting annular beam control (ABC) electrode
for low-voltage beam modulation. See Fig. 5.

Additionally the accelerator electrode voltage allows adjustment of the beam
current between 0 and 100%.

GETTER-ION PUMP SUPPLY 3
Pump voltage, no-load condition 3tod4 kV
Internal resistance of supply 300 kQ
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YK1295
YK1296
YK1297

MECHANICAL DATA YK1295 Dimensions in mm
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U.H.F. power klystrons

YK1295
YK1296
YK1297

YK1296, YK1297
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YK1295
YK1296
YK1297

Mechanical outlines of trolley

Dimensions in mm

6 tapped holes M6

on 266 mm p.c.dia. ‘
T
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Fig. 3.
* YK1295 =570 mm.

YK1296/1297 = 595 mm.
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YK1295

U.H.F. power klystrons YK1296
YK1297
COOLING
Cathode socket
accelerator electrode air; g ~ 0.15 m?/min, T; max. 40°c
Collector vapour (with boiler TE1110), note 4

volume of water converted to steam: 27 cm?/min
per kW collector dissipation resulting in 43 ¢/min
steam per kW collector dissipation

water or vapour condensation (with cooler TE1194)
q = 35 to 60 ¢/min, T, max 80 o¢,

Drift tubes water; rate of flow to drift tubes and collector
connected in series g ~ 9 2/min, T; max. 80 oG,
Ap =200 kPa (2 bar)

Cavities 3 and 4 forced air; q = 1.5 m*/min, Ap = 250 Pa (2.5 mbar)
T; max. 45 °c

MASS AND DIMENSIONS

Klystron
net approx. 80 kg
gross approx. 230 kg
outline dimensions
of packing (cm) 182 x75x 75
Cavities approx. 45 kg
Magnet frame with coils approx. 885 kg
MOUNTING

Mounting position: vertical with collector up.
To remove the tube from the magnet frame a total free height of 3.5 m, excluding hoist, is
required.

PRODUCT SAFETY

1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of accessories will provide
the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.

Instruction manual

For detailed mounting and tuning instructions see klystron instruction manual, delivered with each

tube.
W (December 1985
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YK1295
YK1296
YK1297

ACCESSORIES (note 5)
A. Accessories required for first equipment

YK1295 YK1296 YK1297
Collector radiation suppressor TE1111 TE1132 TE1195
Accelerator electrode ring TE1141 TE1141 TE1141
Cathode ring TE1142B TE1142B TE1142B
Set of sealing rings TE1147 TE1147 TE1147
Magnet flux ring TE1138 TE1138 TE1138
Spark gap TE1140 TE1140 TE1140
Set of connectors (heater, cathode,
acc. electrode, getter-ion pump) TE1146 TE1146 TE1146
Extension pipes 6x TE1133A 6x TE1133A 6x TE1133A
for drift tubes 2x TE1133B 2x TE1133B 2x TE1133B
Water interconnecting pipes
between drift tubes
To—To TE1134A TE1135A TE1135A
To—T3 TE1134B TE1135B TE1135B
T3—Ty TE1134C TE1135C TE1135C
Ta—Ts TE1134D TE1135D TE1135D
Flexible water pipes
between tube and boiler
for vapour cooling TE1145A TE1145A TE1145A
between frame and tube TE1145B TE1145B TE1145B
tube outlet for water cooling TE1145C TE1145C TE1145C
Boiler for vapour cooling TE1110 TE1110 TE1110
or
Cooler for water cooling TE1194 TE1194 TE1194
Cavities 3x TE1121D 3x TE1098A  3x TE1191A
1x TE1121D 1x TE1098D 1x TE1191B
Input coupler TE1122A TE1102 TE1102
Load coupler for cavities 2 and 3 2x TE1122B 2x TE1102 2x TE1102
Blanking plates 3x TE1157 3x TE1157 3x TE1157
Output coupler for cavity 4 TE1123 TE1105 TE1196
Arc detector TE1107 TE1107 TE1107
Magnet frame with coils TE1108 TE1108 TE1108
Tool set TE1137 TE1137 TE1137
B. Accessories to be ordered separately when
replacing equivalent other brand types
Magnet flux ring TE1138 TE1138 -
Spark gap TE1140 TE1140 -
Set of connectors (heater, cathode,
acc. electrode, getter-ion pump) TE1146 TE1146 TE1146
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YK1295

U.H.F. power klystrons YK1296

YK1297

C. Spare and optional parts YK1295 YK1296 YK1297
Set of connectors (heater, cathode,

acc. electrode, getter-ion pump) TE1146 TE1146 TE1146

Set of sealing rings TE1147 TE1147 TE1147

Water protection shield TE1139 TE1139 TE1139

Recommended circulators
470to 600 MHz
600 to 800 MHz
790 to 1000 MHz

2722 162 01551 (T100/1V-N)
2722162 01561 (T100/V-N)
2722162 03261 (T100/V-3-N)

"LIMITING VALUES (Absolute maximum rating system)

Heater voltage

Beam voltage

Cold cathode voltage

Beam current

Body current

Accelerator electrode current
Collector dissipation

Load VSWR

Temperature of tube envelope
Static pressure in the cooling system

ABC-electrode voltage with respect to cathode

PERFORMANCE DATA
of ABC-electrode
Capacity

D.C. current at —1000 V*

max. 9.5
max. 28
max. —30
max. 7
max. 150
max. 6
max. 150
max. 1.5
max. 175
max. 600
max. -1.4
min. typ.
80 90

kV
kV

mA
mA
kW

%
kPa
kV

note 7

{ (6 bar)
note 6

max.

100

pF
mA

* The d.c. electrode current may rise up to max. 2 mA during life time. The applied modulator should
be designed for an ABC-electrode current of at least 2 mA.
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YK1295
YK1296
YK1297

TYPICAL OPERATING CONDITIONS
As 55 kW/40 kW vision transmitter (standards: RTMA-M, RTMA-M* and CCIR-G)

YK1295/YK1296 YK1297
Output power, peak sync. 58 58 45 58 58 45 kW
Beam voltage 225 26 225 2356 27 255 kV
Beam current 6.4 485 3.8 59 49 39 A note 8
Accelerator to cathode voltage ~225~185 =16 ~21 =19 =16 kV
Body current
without drive 15 15 15 15 15 15 mA
at black level 40 40 40 40 40 40 mA
Focusing coil current 10.5 105 95 105 105 10 A
Drive power, peak sync.
Standard* M G
YK1295 - channel 14 21 10 6 6 - - - W note 9
channel 37 38 7 4 4 - - - W note 9
YK 1296 - channel 37 36 7 4 4 - - - W note 9
channel 52 51 5 3 3 - — - W note 9
YK1297 - - - 2 2 2 W note 9
Bandwidth at —1 dB points 8 8 8 8 8 8 MHz note 10
Differential gain 75 70 70 70 70 70 % note 11
Differential phase 6 10 10 10 10 10 deg  note 11
Linearity 65 60 60| 60 60 60 % note 12
Operating efficiency 40 46 465 42 44 45 %
Saturation output power 63 60 465 60 60 46.5 kW
Saturation efficiency 44 475 48 43 45 465 %
As 11 kW/8 kW FM sound transmitter
Output power 12 12 9 12 12 9 kW
Beam voltage 225 26 255 235 27 255 kV
Beam current 15 1.2 1.3 156 1.2 1.3 A
Accelerator cathode voltage 85 75 =8 85 75 =~8kV note 13
Focusing coil current 9 9 9 9 9 9 A
Drive power 156 1.5 156 15 15 1.5 W note 9
Bandwidth at —1 dB points 1 1 1 1 1 1 MHz

* Standards: RTMA-M, RTMA-M* and CCIR-G.
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YK1295

U.H.F. power klystrons YK1296
YK1297
Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.

2. In case of a mains failure an interruption up to 30 s can be tolerated without new waiting time.
After min. 10 minutes of stand-by heating time at 6 V (black heat), the beam current may be
switched on; the heater voltage must be increased to its nominal value of 8.5 V simultaneously.
Continuous black heat periods should not exceed two weeks and should be separated by similar
periods of rest or full operation.

3. To ensure that the klystron is always ready for operation, operate the ion getter pump at least
every 6 months (preferably every 3 months) during storage. For details see klystron instruction
manual.

4. In order to avoid corrosion of the cooling system, coolant water must be pure and deionized
(resistivity min. 100 kQ2-cm).

5. Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used. The operating tube generates X-rays which can penetrate the ceramic parts
of the tube envelope. In order to reduce the radiation at any accessible points to an officially
admissible, non-dangerous level the tube must be shielded and any possible radiation path must
be blocked by at least 1 mm of brass or an equivalent portion of non-magnetic X-ray absorbing
material. The proper use of our accessory parts will provide the necessary shielding.

6. Static pressure in the body-cooling system and in the water-cooling jacket TE1194.

7. The accelerator electrode voltage must not be positive with respect to the body (ground).

8. If the accelerator electrode is connected to the body (ground) via 10 k2 resistor, the beam
current is within + 5% of the value given in the graph of Fig. 4.

9. The drive power is defined as the power delivered to a matched load.

10. Variation of the signal level between black and white at any sideband frequency may cause a
reaction of the peak sync. level. Proper tube design limits this reaction to less than 0.5 dB.

11. Measured with a sawtooth signal from black level to peak white occuring at each line and super-
imposed colour subcarrier with a 10 % peak to peak amplitude.

12. Measured with a ten-step staircase signal from black level to peak with occuring at each line.

13. A voltage divider for adjusting the beam cujrent should be dimensioned on the basis of an accele-

rator electrode current of max. 1.5 mA.
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YK1295
YK1296
YK1297

modulation depth (%)
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Fig. 5 ABC-operation.
Parameter: modulation voltage —V
(with respect to cathode).

Fig. 4.
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YK1300
YK1301
YK1305

CONTINUOUS-WAVE HIGH-POWER KLYSTRONS

Water cooled, high efficiency, fixed frequency, continuous-wave high-power klystrons in metal-ceramic
construction, for use in scientific and industrial applications. The tubes have internal cavities, solenoid
focusing, beam control by accelerator anode and a high stability dispenser-type cathode.

QUICK REFERENCE DATA

Centre frequency (fixed tuned) 499.7 MHz
Bandwidth at saturation (—1 dB points) 2 MHz
Output power
YK 1300 500 to 600 kW
YK1301 600 to 800 kW
YK1305 < 350 kW
Cooling water

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by a.c. ord.c.

Cathode dispenser type
min. typ. max.
Heater voltage V¢ 22 25 27 V
Heater current I¢ 20 23 25 A notes 1, 2
Cold heater resistance Rto - 100 - mQ
Waiting time tw 15 - - minutes

FOCUSING: electromagnetic

Solenoid current 7 9 15 A
Solenoid voltage — 140 220 V
Solenoid resistance - 15 - Q

GETTER-ION PUMP SUPPLY

Operating voltage 3 3.3 4 kV
Operating current - 107 80 mA
Internal resistance of power supply 25 300 - k&
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YK1300
YK1301
YK1305

MECHANICAL DATA

Dimensions in mm

—TEN74 A

~3500

3000

2500

—2000

1500

1000

~ 500

@F

Fig. 1.

VX 722 723.1
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Continuous-wave high-power klystrons J L YK1300

Tube mounted in the mounting frame with solenoid.
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YK1301
YK1305

MECHANICAL DATA (continued)

Tube mounted in the mounting frame with solenoid.
Dimensions in mm
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T I

‘ _TE 1163
= \ i '
s f

L3500
B- i :,1050
)

| IIT I - TE 66

‘ Ll ! - —
) L2000 TE 648
S B3
s=AINEE = “ P ey
[+ | + [
VT ‘ _ L1500
] I . : ]
Z@ - TE 1165
AN ] L1000 ]
F - : T teno
\ I 7
I 4 | - TEN67
| 500 | TE 168/69
4 J—-s J\—-. o179 i o=p=0 J—‘ ! JJ': i T
Al 5y i ) e
ﬂ}‘_JHLJ il > T ™ T ©
.-CL ‘l:\ L -300 =
i VX 722 724)
Fig. 3.

Drawing shows klystron and trolley without operational lead-shielding.
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Continuous-wave high-power klystrons

YK1300

COOLING

Collector
demineralized or distilled water
with 10% stabilized glycol added
YK1300, YK1301
YK1305

pressure drop

Body circuit |
demineralized or distilled water
with 10% stabilized glycol added

pressure drop

Body circuit |1
demineralized or distilled water
with 10% stabilized glycol added
YK1300, YK1301
YK1305

pressure drop

Cathode socket and accelerator anode
air

pressure drop
Output window

air

pressure drop
Inlet water temperature
Inlet air temperature

MASS
Net mass YK 1300, YK1301, YK1305

Mounting frame with solenoid
YK1300, YK1305
YK1301

Capability of hoist min.

DIMENSIONS
Tube and mounting frame

Required ground clearance for lifting hoist

MOUNTING

R.F. CONNECTORS
Input
Output

min.

750
200

20
15

400

800
900

600

kg

kg
kg

kg

typ.

900
500

200

10
300

25
18

300

see drawings

min. 580 cm

vertical, cathode up

N-type, female

YK1301
YK1305
max.
1000 ¢/min note3
700 /min note 3
- kPa (= 2 bar)
- ¢/min  note 3
- kPa (= 3 bar)
- 2/min
- ¢/min  note 3
- kPa (= 3 bar)
— m3/min
500 Pa (=5 mbar)
- m?/min
- kPa (= 90 mbar)
+0 ©°C
+45 ©°C

waveguide R5 (WR 1800)
mating flange UDR5
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YK1300
YK1301
YK1305

ACCESSORIES

A. Tube parts

Collector water cooling jacket
Waveguide coupling iris

Magnet for getter-ion pump (factory fitted)

B. Operational parts for first equipment

Coaxial/waveguide transition, WR 1800 with 45° elbow

YK1300
YK1301, YK1305

Window cooling air inlet

Accelerator anode ring (factory fitted)
Cathode ring

Corona protector

H.V. connection unit with R3 sockets
YK1300
YK1301, YK1305

Klystron trolley with waveguide support

Focusing coil unit
YK1300
YK1301, YK1305
Water outlet collecting tube
Set of interconnecting water hoses

Connection cables,
heater/cathode
heater
accelerator anode

C. Optional parts
H.V. socket R3
H.V. cable with R3 plugs,
length 6 m
length 9 m
H.V. dummy plug R3
Collector water cooling jacket

D. Parts for handling

Yoke for lifting TE1166 and TE1163
Yoke for lifting and turning

a klystron from any position

Supporting frame for storage and any
movement of burnt-out or spare klystrons
in any position other than vertical

Trolley for transportation of a klystron
in horizontal position without lifting gear

2x

4x

4x
4x

4x

TE1164A
TE1164B

TE1165
TE1173
TE1174A
TE1174B

TE1163A
TE1163B

TE1167
TE1166A
TE1166B

TE1168
TE1169

TE1171A
TE1171B
TE1171C

TE1158
TE1159
TE1160

TE1161
TE1170

TE1175

TE1176

TE1177

TE1178

note 4
note 4

note 5
note 5

note 6
note 6

note 7
note 7

note 7

note 7

note 8
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Continuous-wave high-power klystrons YK1300

LIMITING VALUES (Absolute maximum rating system)

Heater voltage } max. 10% above specified values

Heater current

Cathode voltage to body (ground) max. —65 kV

Cold cathode voltage to body (ground) max. —-75 kV

Cathode current max. 18 A

Accelerator anode voltage to cathode max. 55 kV note 9
Cold accelerator anode voltage to cathode max. 65 kV

Accelerator anode current max. 10 mA

Collector dissipation max. 850 kW note 10
Dissipation body circuit | max. 10 kW

Dissipation body circuit |1 max. 15 kW

C.W. output power max. 630 kW

Load VSWR max. 1.2 note 12
Temperature rise, window cooling air. flow max. 30 K

TYPICAL OPERATING CONDITIONS

500 kW operation into matched load min. typ. max.

Cathode voltage to body (ground) —60 —62 —63 kV

Cathode current 4 14 15 A note 13
Input power, d.c. - 867 - kW

Accelerator anode voltage to cathode 0 43 - kV note 13
Accelerator anode current - 1 5 mA

C.W. output power, VSWR < 1.1 500 520 -  kw

Collector dissipation = 347 850 kW note 10
Efficiency 58 60 - %

C.W. drive power - 25 50 W

600 kW operation into matched load

Cathode voltage to body (ground) —62 —64 —65 kV

Cathode current 4 15.9 165 A note 13
Input power, d.c. - 1017 — kW

Accelerator anode voltage to cathode 0 47 —  kV note 13
Accelerator anode current - 1 5 mA

C.W. output power, VSWR< 1.1 600 610 — kW

Collector dissipation — 407 850 kW note 10
Efficiency 57 60 - %

C.W. drive power - 25 50 W
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YK1301

LIMITING VALUES (Absolute maximum rating system)

Heaian valtage } max. 10% above specified values

Heater current

Cathode voltage to body (ground) max. —77 kV

Cold cathode voltage to body (ground) max. -85 kV

Cathode current max. 18 A

Accelerator anode voltage to cathode max. 65 kV note 9
Cold accelerator anode voltage to cathode max. 75 kV

Accelerator anode current max. 10 mA

Collector dissipation max. 850 kW note 10
Dissipation body circuit | max. 10 kW

Dissipation body circuit |1 max. 15 kW

C.W. output power max. 820 kW

Load VSWR max. 1.2 note 12
Temperature rise, window cooling air flow max. 30 K

TYPICAL OPERATING CONDITIONS

800 kW operation into matched load min. typ. max.

Cathode voltage to body (ground) -75 —76 —-77 kV

Cathode current 4 17 18 A note 13
Input power, d.c. - 1300 - kW

Accelerator anode voltage to cathode 0 47 50 kV note 13
Accelerator anode current - 2 5 mA

C.W. output power, VSWR < 1.1 750 800 820 kW

Collector dissipation - 500 850 kW note 10
Efficiency 60 61 - %

C.W. drive power — 40 70 W
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Continuous-wave high-power klystrons

YK1305

LIMITING VALUES (Absolute maximum rating system)

Heater voltage

Heater current

Cathode voltage to body (ground)
Cold cathode voltage to body (ground)
Cathode current

Accelerator anode voltage to cathode
Cold accelerator anode voltage to cathode
Accelerator anode current

Collector dissipation

Dissipation body circuit |

Dissipation body circuit |1

C.W. output power

Load VSWR

Temperature rise, window cooling air flow

TYPICAL OPERATING CONDITIONS
350 kW operation into matched load
Cathode voltage to body (ground)
Cathode current

Input power, d.c.

Accelerator anode voltage to cathode
Accelerator anode current

C.W. output power, VSWR < 1.1
Collector dissipation

Efficiency

C.W. drive power

315

55

max. 10% above specified values

max.
max.
max.
max.
max.
max.
max.
max.
max.
max.
max.

max.

typ.

12
580
36.5

330
230
58
16

—50

—55
15
45
50
10

400

10
370
12
30

max.

13
600

370
400

30

kV
kV
A
kV
kV
mA
kW
kW
kW
kW

kV

kW
kV
mA
kW
kW
%
w

note 9

note 10

note 12

note 13

note 13

note 10
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YK1300
YK1301
YK1305

PERFORMANCE DATA

Phase shift to cathode current < 20 O/A
Phase shift to rel. cathode voltage < 20 9%
Phase shift to r.f. drive < 12 0/dB
R.F. output to rel. cathode voltage < 03 dB/%
Spurious noise amplitude

for f < 300 Hz < 3 %

for f= 300 to 1000 Hz < 1 %

for f > 1000 Hz < 05 %
Notes

1.

o B N

11.
12.

When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.
Required values are given with each tube.

For further recommendations please contact the tube manufacturer.
Separately shipped together with each tube and to be returned together with each burnt-out tube.

It is recommended to return the coaxial/waveguide transition together with burnt-out tube for
inspection.

R3 sockets are only usable together with optional accessories TE1159 and TE1160.

Cable with R3 plugson each end, to be fed into the R3 sockets of the H.V. connection unit TE1163
and into R3 sockets TE1158 applied to the power supply. Dummy plugs are provided for cable
termination on H.V. test of the cable set.

Parts are needed for all handling operations at the site and are to be ordered once for the site.
The accelerator anode voltage may never become positive with respect to the body (ground).

. It must be observed that for operation with reduced r.f. drive the maximum value for collector

dissipation is not exceeded.
For reflections exceeding this value please contact the tube manufacturer.

The klystron should not be operated with a cathode current below 4 A except for switching pur-
poses.
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YK1300

Continuous-wave high-power klystrons YK1301

YK1305

INSTALLATION AND OPERATION REQUIREMENTS
A. Required interlocks

i

4.

Fast switch-off of the drive power within 10 ms has to be done if the arc detector and/or r.f.
reflection indicator is activated. An arc detector must be provided at the knee of the output wave-
guide.

A fast switch-off of the beam supply has to be provided when one of the following situations occurs:
a) the beam current increases rapidly,
b) the solenoid current deviates by more than + 5% from the adjusted value.

The switching sensors and the discharge facilities for the power supply must be designed so that
a copper wire of 0.35 mm diameter, connected to the power supply instead of the klystron
(length approx. 1 cm/kV), will not be destroyed, if the full operating voltage is switched on
and applied to the wire.

The mains for the beam power supply has to be switched off within 100 ms when one of the follow-
ing situations occur:

a) the beam current either exceeds the limiting value or increases by more than 30% or max. 2 A
above the adjusted value,

b) the pump current exceeds 10 uA,

c) the monitored temperature differences between inlet and outlet in the collector and/or body
cooling circuits are too high;

max. values permitted: collector A0 =15K
body circuit | A =15K
body circuit |1 A6 =15K
d) the water flow of the collector and body cooling circuits decreases below the required minimum
value,

e) the air flow for the r.f. window and cathode cooling decreases below the required minimum value.

Switch-off the heater voltage for pump current >4 mA.

Restarting is not allowed within 10 s of any interruption.

B. Switching-on and off sequence

Switching-on sequence

1
1
1

Switching-off sequence

Cathode cooling on.

Getter-ion pump supply on.

Check that the pump currentis < 10 pA.
Heater voltage supply on.

Wait for preheating time (min. 15 minutes).
Cooling air r.f. window on.

Cooling body circuits | and Il on.

Collector cooling supply on.

Solenoid current supply on.

0. Check that the heater current has reached the adjusted value + 0.5 A.
1. R.F.drive on.

2. Beam supply on.

© QN Er i) B =

1. Beam voltage supply off.
2. All other supplies and cooling circuits off.
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YK1300
YK1301
YK1305

C. Radiation dangers

R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emission intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

These tubes and accessories are equipped with a lead shielding which under normal conditions reduces
the radiation values below 0.75 mR/h, measured at a distance of 1 m from the tube assembly.
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YK1302

CONTINUOUS-WAVE HIGH-POWER KLYSTRON

Vapour cooled, high efficiency, fixed frequency, continuous-wave high-power klystrons in metal-ceramic

construction, for use in scientific and industrial applications. The tubes have internal cavities, solenoid
focusing, beam control by accelerator anode and a high stability dispenser-type cathode.

QUICK REFERENCE DATA

Centre frequency (fixed tuned)

Bandwidth at saturation (—1 dB points)

Output power
Cooling

508.6 MHz
2 MHz
800 kW
vapour

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for

KLYSTRONS.

HEATING: indirect by a.c. ord.c.
Cathode

Heater voltage

Heater current

Cold heater resistance
Waiting time

FOCUSING: electromagnetic
Main focusing section
Solenoid current
Solenoid voltage
Solenoid resistance

Prefocusing coil
Solenoid current
Solenoid voltage
Solenoid resistance

GETTER-ION PUMP SUPPLY
Operating voltage

Operating current

Internal resistance of power supply

dispenser type

min.

Vs 22
I¢ 20
Rto -
Ty 15
3

25

typ.
25
23
100

500
80

30

3.3
107
300

14

max.

27
25

600

80

notes

\Y
A 1512
m$

minutes

kV
mA
k2

l ﬁovember 1985
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YK1302

MECHANICAL DATA

Dimensions in mm

il
1299
Collector
480
Connectors
for r.f. and
body cooling
_ R.Fwindow section
T 184
e ] s s |
e Ly 32 = —
getter- l
ion
Connector for
pump] getter-ion
pump
32
1604
=T———"T— Gun section
323

26

Fig. 1.

V0722804
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Continuous-wave high-power klystron YK1302

Tube mounted in the mounting frame with solenoid.

4000
3500
| 3000
i
R.F output
H
section 2500

== [ju 2000
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i/ .
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including
gun socket

@:
_di poll "
g1

Fig. 2.

VL722806

Drawing shows klystron and trolley without operational lead shielding.
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YK1302

COOLING min. typ. max.

Vapour cooling of collector
demineralized or distilled water 50 100 - 2/min note4, 5
pressure drop at 100 £/min - - 20 kPa (= 200 mbar)

Water cooling of body circuit |
demineralized or distilled water
with 10% stabilized glycol added 10 14 - 2/min note 5

pressure drop - 300 - kPa (= 3 bar)

Water cooling of body circuit Il
demineralized or distilled water

with 10% stabilized glycol added 15 20 - 2/min note 5
pressure drop - 300 - kPa (= 3 bar)
Output window
air 0.6 1.2 - m?/min
pressure drop - 9 - kPa (=90 mbar)
Inlet water temperature - - +50 ©°c
Inlet air temperature = == +45 ©OC
Cathode socket and accelerator anode
under oil
MASS
Net mass YK 1302 500 kg
Mounting frame with solenoid 1400 kg
Boiler 150 kg
Capability of hoist min. 600 kg
DIMENSIONS
Tube and mounting frame see drawings
Required ground clearance for lifting hoist min. 650 cm
MOUNTING vertical, collector up

R.F. CONNECTORS
Input N-type, female

Qutput waveguide R5 (WR 1800)
mating flange UDR5
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Continuous-wave high-power klystron

YK1302

ACCESSORIES

Klystron trolley with waveguide support
Focusing coil unit

Oil tank

Coaxial/waveguide transition, WR 1800
Lead shielding

Trolley for transportation of a klystron
in horizontal position without lifting gear

Supporting frame for storage and any
movement of burnt-out or spare klystrons
in any position other than vertical

Handling equipment
Boiler

TE1312
TE1322
TE1332

TE1342A
TE1362

TE1372A

TE1372B

TE1382
TE1392

\ F\Iovember 1985 167



YK1302

LIMITING VALUES (Absolute maximum rating system)

Heater voltage { max. 10% above specified values
Heater current

Cathode voltage to body (ground) max. —85 kV

Cold cathode voltage to body (ground) max. -90 kV

Cathode current max. 20 A

Accelerator anode voltage to cathode max. 65 kV note 6

Accelerator anode current max. 5 mA

Collector dissipation note 7
output power > 200 kW max. 750 kW
output power < 200 kW max. 500 kW

Dissipation body circuit | max. 15 kW

Dissipation body circuit 1 max. 10 kW

C.W. output power max. 850 kW

Load VSWR max. 1.2 note 8

Temperature rise, window cooling air flow max. 30 K

TYPICAL OPERATING CONDITIONS

800 kW operation into matched load min. typ. max.

Cathode voltage to body (ground) -76 —-80 - kV

Cathode current = 16.5 - A note 9
Input power, d.c. — 1322 - kW

Accelerator anode voltage to cathode - 52 - kV note 9
Accelerator anode current o~ 15 - mA

C.W. output power, VSWR <1.1 - 800 - kW

Collector dissipation - 522 - kW note 7
Efficiency 60 60.5 - %

C.W. drive power - 60 80 W

PERFORMANCE DATA
Harmonic content with respect to fundamental

2nd order max. —25 dB

3rd order max. —-25 dB
Spurious noise amplitude

for f < 300 Hz < 1 %

for f = 300 to 1000 Hz < 1 %

for f > 1000 Hz < 0.5 %
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Continuous-wave high-power klystron YK1302

Notes

1. When switching on the heater voltage, the heater current must never exceed a peak value of 65 A.
2. Required values are given with each tube.

3. Further adjustment according to operating instructions.

4

. Volume of water converted to steam: 27 cm®/min per kW collector dissipation in 43 2/min
steam per kW collector dissipation.

5. For further recommendations please contact the tube manufacturer.
6. The accelerator anode voltage may never become positive with respect to the body (ground).

7. It must be observed that for operation with reduced r.f. drive the maximum value for collector
dissipation is not exceeded.

8. For reflections exceeding this value please contact the tube manufacturer.

9. The klystron should not be operated with a cathode current below 4 A except for switching
purposes.
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YK1302

INSTALLATION AND OPERATION REQUIREMENTS

A.
T1e

Required interlocks

Fast switch-off of the drive power within 30 ms has to be done if the arc detector and/or r.f.
reflection indicator is activated. An arc detector must be provided at the knee of the output wave
guide.

A fast switch-off of the beam supply has to be provided when one of the following situations
occurs:

a) the beam current increases rapidly,
b) the solenoid current deviates by more than + 5% from the adjusted value.

The switching sensors and the discharge facilities for the power supply must be designed so that
a copper wire of 0.35 mm diameter, connected to the power supply instead of the klystron
(length approx. 1 cm/kV), will not be destroyed, if the full operating voltage is switched on
and applied to the wire.

The mains for the beam power supply has to be switched off within 100 ms when one of the
following situations occur:

a) the collector temperature monitor (with internal thermocouple) is activated (T = max. 150 °C ),

b) the monitored temperature differences between inlet and outlet in the collector and/or body
cooling circuits are too high:

max. values permitted:  body circuit | Af=15K
body circuit 11 A6 =15 K

c) the beam current either exceeds the limiting value or increases by more than 30% or max. 2 A
above the adjusted value,

d) the water flow of the body cooling circuits decreases below the required minimum value,

e) the air flow for the r.f. window cooling decreases below the required minimum value,

f) the thermocouple temperature at the inner conductor of the output window exceeds 90 °C,
g) the pump current exceeds 10 uA.

Restarting is not allowed within 10 s of any interruption.

B. Switching-on and off sequence

Switching-on sequence

1.

10
1

Getter-ion pump supply on.

2. Check that the pump currentis < 10 yA.

3. Heater voltage supply on.

4. Wait for preheating time (min. 15 minutes).
5.
6
7
8

Cooling air r.f. window on.

. Cooling body circuits | and Il on.
. Collector cooling supply on.
. Solenoid current supply on.
9.

Check that the heater current has reached the adjusted value +0.5 A.

. R.F.drive on.
. Beam supply on.

Switching-off sequence

1.

2

Beam voltage supply off.

. All other supplies and cooling circuits off.
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Continuous-wave high-power klystron YK1302

C. Radiation dangers

R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the

human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emission intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

This tube and accessories are equipped with a lead shielding which under normal conditions reduces
the radiation values below 1 mR/h, measured at a distance of 1 m from the tube assembly.
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YK1350

CONTINUOUS-WAVE HIGH-POWER KLYSTRON

Water cooled, high efficiency, fixed frequency, continuous-wave high-power klystron in metal-ceramic
construction, for use in scientific and industrial applications. The tube has internal cavities, solenoid
focusing, beam control by modulation anode and a high stability dispenser-type cathode.

QUICK REFERENCE DATA

Centre frequency (fixed tuned) 352.21 MHz
Bandwidth for 1dB drop in output power + 05 MHz
QOutput power 1 MW
Cooling water

This data must be in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING: indirect by a.c. ord.c.

Cathode dispenser type
min. typ. max.

Heater voltage \Z 22 25 27V

Heater current I¢ 20 23 25 A

Cold heater resistance Rto - 100 - mQ

Waiting time tw 15 - —  minutes

FOCUSING: electromagnetic

Solenoid current 8 10 12 A
Solenoid voltage - 2000 250 V
Solenoid resistance - 20 - Q

GETTER-ION PUMP SUPPLY *

Operating voltage 3 33 4 kV
Operating current - 10° 80 mA
Internal resistance of power supply 25 300 - kQ

* The tube is equipped with two ion getter pumps which can be operated individually or in a parallel

arrangement at one power supply.
l ﬂ\lovember 1985
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Continuous-wave high-power klystron

YK1350

COOLING

Cooling of collector and any body
is achieved by filterd soft water.

Pressure in any cooling water circuit
Pressure drop

Collector
cooling water flow rate
inlet water temperature
outlet water temperature

Body circuit |
cooling water flow rate
inlet water temperature
outlet water temperature

Body circuit 1
cooling water flow rate
inlet water temperature
outlet water temperature

Output window
air

pressure drop

MASS

Mass of complete assembly without
demountable X-ray shield

DIMENSIONS of complete assembly
Length

Height

Width

MOUNTING

COOLING WATER CONNECTORS
Body circuits | and |1
Collector

R.F. CONNECTORS
Input
Output

min. typ.
800 1000
- +20
- +30
15 20
- +20
- +40
15 20
- +20
- +40
- 1
- 15
max. 3000 kg
approx. 4 kg
approx. 1.9 m
approx. 1 m
horizontal

max.

700
300

1200
+75
+90

25
+40
+60

25
+40
+60

kPa (=7 bar)
kPa (=3 bar)

kPa (=150 mbar)

Walther series O - Type 4 (NW12)
Sandvik FCL-316L-76, 1-S-V

female connector, 50 @, type N
WR2300 waveguide

W ﬂarch 1985
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YK1350

ACCESSORIES

Transportation and operation frame TE1351A

Focusing coil unit | TE1351B

Focusing coil unit |1 TE1351C
Coaxial/waveguide transition, WR2300 (R3) TE1352

Waveguide support TE1353

Collector cooling jacket | TE1354A

Collector cooling jacket |1 TE1354B

Cooling water collector TE1355A

Interconnecting hoses 2 x TE1355B

H.V. oil tank TE1356

Mounting rack TE1359

o TE1352
A
TE1353
TE1351A TE1356
TE1354A T\E1BSAB : 7 ]
\ 1
(TE13510) ! (TE1351B)
= |
L 1 ]
TE1355A
VX7227331
Fig. 2.
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Continuous-wave high-power klystron

YK1350

LIMITING VALUES (Absolute maximum rating system)

Heater voltage
Heater current

} max. 10% above specified values

Cathode voltage to body (ground) max. —95 kV
Cathode current max. 25 A
Modulation anode current max. 10 mA
R.F. drive power max. 150 W
C.W. output power max. 1.1 MW
Load VSWR max. 1.3

Body dissipation max. 20 kW
Collector dissipation max. 900 kW *
TYPICAL OPERATING CONDITIONS

1 MW operation into matched load typ.

Input power, d.c. 1470 kW
R.F. drive power 90 W
Collector dissipation 460 kW
Body dissipation 10 kW
C.W. output power 1000 kW
Efficiency 68 %
Beam voltage 90 kV
Beam current 16.3 A
PERFORMANCE DATA

Phase shift to cathode current <15 9/A
Phase shift to rel. cathode voltage <15 9/%
Phase shift to r.f. drive < 10 ©°/dB
R.F. output to rel. cathode voltage <0.2 dB/%
Signal-to-noise ratio at saturation 60 dB
Harmonic levels to fundamental at saturation 30 dB
Ratio of fundamental to other discrete frequencies

within bandwidth at saturation 70 dB

* 1600 kW for 1 s. can be tolerated with reduced drive.

\ (November 1985

177



YK1350

INSTALLATION AND OPERATION REQUIREMENTS
A. Required interlocks
1. Fast switch-off of the drive power within 10 ms has to be done if the arc detector and/or r.f.
reflection indicator is activated. An arc detector must be provided at the knee of the output wave-
guide.
2. A fast switch-off of the beam supply has to be provided when one of the following situations occurs:
a) the beam current increases rapidly,
b) the solenoid current deviates by more than +5% from the adjusted value.
The switching sensors and the discharge facilities for the power supply must be designed so that
a copper wire of 0.35 mm diameter, connected to the power supply instead of the klystron
(length approx. 1 cm/kV), will not be destroyed, if the full operating voltage is switched on
and applied to the wire.
3. The mains for the beam power supply has to be switched off within 100 ms when one of the follow-
ing situations occur:
a) the beam current either exceeds the limiting value or increases by more than 30% or max. 2 A
above the adjusted value,

b

c) themonitored temperature differences between inlet and outlet in the collector and/or body
cooling circuits are too high,

the pump current exceeds 10 pA.

d) the collector temperature monitor (with internal thermocouple) is activated (switch-off value
adjustable between 30 and 60 K above the water inlet temperature),

e) the water flow of the collector and body cooling circuits decreases below the required minimum
value,

f) the air flow for the r.f. window and cathode cooling decreases below the required minimum value.
4. Switch-off the heater voltage for pump current > 4 mA.
Restarting is not allowed within 10 s after any interruption.

B. Switching-on and off sequence
Switching-on sequence
1. Getter-ion pump supply on.
Check that the pump currentis < 10 uA.
3. Heater voltage supply on.
4. Wait for preheating time (min. 15 minutes).
5. Cooling air r.f. window on.
6. Cooling body circuits | and Il on.
7. Collector cooling supply on.
8. Solenoid current supply on.
9. Check that the heater current has reached the adjusted value + 0.5 A.
10. R.F.drive on.
11.  Beam voltage supply on.

Switching-off sequence

1. Beam voltage supply off.
2. All other supplies and cooling circuits off.
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Continuous-wave high-power klystron YK1350

C. Radiation dangers
R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

The r.f. radiation 1 m from any part of the klystron at 1 MW output power is max. 0.1 mW/cm?.

X-radiation

Due to the high accelerating voltage, the klystron generates a high level of X-rays which is reduced by the
supplied shielding plates of the focus mount and the H.V. oil container. Nevertheless the complete
assembly has to be shielded additionally during operation in order to reduce the radiation to a non-
dangerous level. The tube manufacturer recommends a ““lead garage’’, as shown in the drawing Fig. 3.
Though the overall dimensions are not critical, it is essential, that any possible radiation path is blocked
by at least 2 mm of lead sheets.

LEAD GARAGE
Dimensions in mm

nl ] i
.
| H
@ N
Nt min
- B: s
I 1320
i 1
! [ N | R |
|
‘ A la]
e X v
min min min
—™uohe =¥013 - " >0 ™ 000 ™ wn

Fig. 3.

The “lead garage” will not be supplied by the tube manufacturer.
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YK1510
YK1511
YK1512

PULSED POWER KLYSTRONS

Fixed frequency 20 MW pulsed power amplifier klystrons in metal-ceramic construction with 5 internal
cavities, electromagnetic focusing, continuously operating getter-ion pump.

Coaxial input connector and S-band output waveguide fitted with a ceramic window.

Water cooling system for r.f. waveguide and window, collector and body.

Intended for use in long-range radar transmitters.

QUICK REFERENCE DATA

Operating frequency

YK1510 S-band, the klystrons are factory tuned
YK1511 to the specified frequency range
YK1512

R.F. output power*
peak > 20 Mw
average > 20 Kw

Duration of r.f. pulse (—3 dB down) 4 us

Gain 44 dB

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS.

HEATING, indirect by a.c. ord.c.
Heater voltage™** VE 15t030 V
Heater current e 20t0 30 A

Heater supply current at switch-on;
the surge current must never exceed
a peak value of 50 A.

Resistance of heater

cold Rfg > 0.125 Q
hot rg 09to1.1 Q
Waiting time ty ~ min. 12 min

* At least one point in the band.
** The exact value is marked on each tube test report. During operation the heater voltage may not

fluctuate more than 5 %.
| ﬁ)ecember 1985
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YK1510
YK1511
YK1512

MECHANICAL DATA

Dimensions in mm

on3
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YK1510

Pulsed power klystrons YK1511
YK1512
MASS (net) approx. 70 kg
MOUNTING
Mounting position: vertical with collector up
GETTER-ION PUMP POWER SUPPLY
Pump voltage 45t05.5 kV
Supply current
tube operating max. 50 unA
tube turned off max. 200 mA
ELECTROMAGNET
Current I1, Iz, l3 max. 175 A
Impedance of each coil (20 °C) 0.08 Q
COOLING
Collector, body and window* min. max.
Cooling-water inlet temperature - 60 o
Cooling-water flow 10 - 2/min
Cooling-water inlet pressure = 1000 kPa (=10 bar)
Cooling-circuit pressure drop — 600 kPa (= 6 bar)
Electromagnet min. max.
Water flow 13 - 2/min
Water inlet pressure - 1000 kPa (=10 bar)
Water inlet temperature - 60 °¢c

* By means of a single water circuit.
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YK1510
YK1511
YK1512

LIMITING VALUES (Absolute maximum rating system)

Beam voltage, peak max. 270 kV
Beam current, peak max. 275 A
R.F. input power

peak max. 5 kW

average max. 10 W
R.F. output power

peak max. 23 MW

average max. 23 kW
Load VSWR max. 1.4
Collector dissipation max. 80 kw
Voltage pulse duration (measured at 70 %) max. 6 us
Duty factor max. 0.003
Pressure on the output window max. 1300 kPa (=13 bar)

min. 1100 kPa (=11 bar)

PRODUCT SAFETY
1. X-radiation

Correct operation of the tube can be guaranteed only if a set of accessories, approved by the tube
manufacturer, is used.

The operating tube generates X-rays which can penetrate the ceramic parts of the tube envelope. In
order to reduce the radiation at any accessible points to an officially acceptable, non-dangerous level
the tube must be shielded and any possible radiation path blocked by at least 1 mm of brass or an
equivalent depth of non-magnetic X-ray absorbing material. The proper use of our acessories will
provide the necessary shielding.

2. R.F. radiation

R.F. power may be emitted through apertures other than the normal output coupling (for example
r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the human body, particularly
to the eyes. Such radiation may be increased if the tube is functioning incorrectly.
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Pulsed power klystrons

YK1510
YK1511
YK1512

TYPICAL OPERATING CONDITIONS

Measured under matched load conditions (VSWR < 1.1)

Operating frequency™
Bandwidth (—1 dB)
Beam voltage

Beam current

R.F. input power, peak

Operating mode A B o]
Output power
peak 20 10 10
average 20 20 10
R.F. pulse duration (—3 dB) 4 4 4
Pulse repetition rate 250 500 250
Duty factor 0.001 | 0.002 | 0.001
Gain
Efficiency
Perveance

* The tube is tuned to a fixed frequency at the factory.

S-Band
100 MHz
240 kV
254 A

Mw
kW
us
Hz

44 dB
> 30 %
201023 pA-V/?
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DEVELOPMENT DATA

This data sheet contains advance information and YK1600
specifications are subject to change without notice.

PULSED POWER KLYSTRON

Fixed frequency, pulsed power klystron in metal-ceramic construction for S-band with 5 internal
cavities, electromagnetic focusing, continuously operating getter-ion pump.

Coaxial input connector and r.f. output split into two parallel waveguide arms with two r.f. ceramic
windows.

Water cooling systems for r.f. windows, collector and body.

Intended for use for linear particle accelerator applications.

QUICK REFERENCE DATA

Frequency (fixed tuned) f 2998.5 MHz
R.F. pulse width (at —3 dB) 45 us
R.F. output power
peak Wop = 35 MwW
average W, = 15.75 kW
Gain G > 52 dB
Efficiency n = 45 %

This data must be read in conjunction with GENERAL OPERATIONAL RECOMMENDATIONS for
KLYSTRONS. ;

HEATING: indirect by a.c.

Cathode long life oxide type

min. typ. max.
Heater voltage * A 17 20 25 V
Heater current If 18 21 24 A
Cold heater resistance (20 °C) R¢o - 125 - mQ
Waiting time tw 15 - - minutes

GETTER-ION PUMP SUPPLY
Pump voltage — - 5 kV

* The actual value is marked on each tube test report.
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YK1600

MECHANICAL DATA

Dimensions in mm

390
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Body water cooling inlet
M22x15 (®i.12)
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Pulsed power klystron

YK1600

DEVELOPMENT DATA

COOLING

Collector
demineralized or distilled water
with 10% stabilized glycol added

pressure drop

Body circuit
demineralized or distilled water
with 10% stabilized glycol added

pressure drop

Focusing coils
demineralized or distilled water
with 10 % stabilized glycol added

MASS

Net mass YK 1600, incl. combiner
Magnet trolley

X-ray shield collector

X-ray shield body

DIMENSIONS
Tube and mounting frame

MOUNTING

R.F. CONNECTORS
Input
Output

CONNECTOR GETTER-ION PUMP

ACCESSORIES

R.F. power combiner
Focusing magnet

Counter coil

X-ray shield for body
X-ray shield for collector
Transport trolley klystron
Lifting yoke for klystron
Lifting device for collector shield
Lifting device for magnet
Magnet trolley

120
450
170
300

kg
kg
kg
kg

typ.

60
70

10
170

100

see drawing

max.

—  /min
— kPa  (=0.7 bar)

—  min
— kPa  (=1.7 bar)

— kPa (=1bar)

vertical, cathode down

N-type, female

waveguide, LIL-Flange V.W. 31 1240-2

HN-type, female

TE1610
TE1612
TE1613
TE1620
TE1621
TE1630
TE1631
TE1632
TE1633
TE1634
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YK1600

LIMITING VALUES (Absolute maximum rating system)
Heater voltage

Heater current

Cathode voltage, peak

Cathode current, peak

Collector dissipation

R.F. drive power
peak

average
R.F. pulse width
H.V. pulse width

Load VSWR
for normal operation

permissable value
Pressure on r.f. output windows SFg

* Without destruction of the tube.

max.
max.
max.
max.
max.

max.
max.
max.
max.

max.
max.
max.

25
24
300
300
80

1000

1.8
1.5
550

kV

kW

us
us

kPa (5.5 bar)
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Pulsed power klystron YK1600

DEVELOPMENT DATA

TYPICAL OPERATING CONDITIONS

Frequency 29985 MHz
Heater current 21 A
Heater power 420 W
Preheating time cathode 15  minutes
Supply voltage of getter-ion pump 5 kV
Load VSWR < 1.04
Cathode voltage, peak 270 kV
Cathode current peak 280 A
Bandwidth (—1dB) > 10 MHz
Perveance 2 pA/V”?
R.F. drive power, peak 175 W
R.F. pulse width at —3dB 45 us
Pulse repetition rate 100 Hz
Pressure on r.f. output windows SFg 550 kPa (5.5 bar)
R.F. output power

peak 35 MW

average 15.75 kW
Gain 53 dB
Efficiency = 45 %
Dissipation on klystron body < 2 kW

PRODUCT SAFETY

R.F. radiation

R.F. power may be emitted not only through the normal output coupling but also through other
apertures (for example, r.f. leaks). This r.f. power may be sufficiently intense to cause danger to the
human body, particularly to the eyes. Such radiation may be increased if the tube is functioning
incorrectly.

X-radiation

A highly dangerous intensity of X-rays may be emitted by tubes operating at voltages higher than
approximately 5 kV. Adequate protection (X-ray shielding) for the operator is then necessary. The
emission intensity of X-rays may correspond to a value of voltage much higher than that expected
from the actual value applied to the tube.

Poor focusing may result in excessive X-radiation.

This tube and accessories are equipped with a lead shielding which under normal conditions reduces
the radiation values below 2.5 mR/h, measured at a distance of 0.4 m from the tube assembly.
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INDEX OF TYPE NUMBERS

type page type page
YK1001 21 YK1250 117
YK1002 21
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