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LIST OF ABSnACTS

H. Schneemann, DESY, Hamburg

nHigh Power RF-Transmitters at DESYn

A report will be given about a Iine type modulator with a peak power 
output of 62.5 MW. Fourteen modulators of the same type are working since 
1970 at DESY. These modulators were built by VARIAN. The operating 
experience of just over one million high voltage working hours will be 
given and the influence of the Iifetime of both the thyratrons and 
klystrons will be discussed, since these contribute to the major running 
costs of the installation.

W. Mondelaers, Nuclear Physics Laboratory, GENT, Belgium

nGent Vniversity modulator systemsn

The Gent State University disposes of two Iinear electron accelerator 
facilities:
• a 90 MeV Iow duty factor accelerator running with two Iine type klystron 

modulators and
• a 15 MeV medium duty factor Iinac operating with a hard-tube modulator.

In the first part of the presentation, a short description of the general 
set-up of the facilities will be given. The second part will be devoted to the 
pulse-line type modulator systems, with emphasis on long-term operational 
experience as well as thyratron and klystron performance.

The hard-tube modulator will be considered more in detail. The 15 MeV 
accelerator was designed to provide a high level of beam power over a wide 
range of energies with a high degree of stability. This imposes very strin­
gent requirements upon the hard-tube modulator. Great flexibility and ex­
cellent pulse shape and stability specifications have been obtained. The 
methods for ensuring these performances will be described.

D. Lagrange, LURE, ORSAY, France 

nThe NIL modulator"

The New Injector Linac (NIL) modulator gives high voltage pulses: 5 ns 
or 20 ns width with an amplitude of up to 5 kV. The jitter being Iess than 1 
ns. This modulator was realized with coaxial lines according to the Blumlien 
scheme. The power switch is made by an hydrogen thyratron with the two 
gates being pulsed by specific current and voltage amplifiers. As the modu­
lator is connected to the -IOO kV gun cathode voltage, commands and trig­
ger use optical fiber transmission.



A. Donaldson, SLAC, USA

"SLAC modulator reliability and operation in the SLC Era"

The reliability and operation of the 245 modulators in the SLAC linac, with 
an emphasis on the past four years will be discussed. The Iinac modulators 
were designed and built in the 1960's, upgraded for the SLC in the mid 
1980,s, and despite their age are still reliable accelerator components. The 
modulator characteristics, improvements and component Iifetimes will be 
presented.

P. Bruinsma, NIKHEF, Amsterdam, Holland.

"NIKHEF Modulator systems"

The all solid-state klystron modulators, in use with with the 900 MeV 
electron Iinac will be presented. The present system performance as well as 
some of the design details will be highlighted. In addition, new develop­
ments will be indicated and discussed.

P. Berkvens, ESRF, Grenoble, France

"ESRF modulator system for the reinjector electron accelerator"

The ESRF preinjector is a 200 MeV electron Iinear accelerator, consist­
ing of two 100 MeV, 6 metre 2π∕3 sections plus a short standing wave 
buncher. They are powered via two klystron modulators using TH2100 
klystrons. The triggering tubes are EEV CX1525A thyratrons. The character­
istics of the two modulators are the following:

• Repetition frequency 10 Hz,
• Peak power 35 MW, pulse length appr. 5 μs

The first modulator powers both the first section and the buncher, plus 
the pre-buncher. The presentation will focus on the performance of the 
modulators and the Iinac beam characteristics.

R. Cassels, SLAC, USA

"Improvements and new designs for SLAC klystron modulators"

The talk will cover a number of improvement techniques for line type 
klystron modulators, some of which are operational at SLAC and others 
which are in the design or concept stages. The items that will be covered 
are the following:

• Primary SCR Phase control of the modulator power supply.
• Energy recovery deQuing for the resonant charging circuit.
• New command charging circuit, under development.
• Alternate PFN thyratron circuit and End of Line clipper considera 

tions.

In addition, the conceptual design of the proposed 600 kV, 1 μs, 200 ns 
rise time, klystron modulator for the Next Linear Collider X band klystron 
will be presented.



P. Pearce, PS Div. CERN

"LILIPS modulator systems"

The long-term reliability of a pulsed modulator system depends heavily 
on the continued good performance of a number of active and passive 
high voltage components. The thyratron switches and klystron amplifiers 
are the most critical and usually the most expensive of these. 
Commissioning of the LIL machine with the modulators started in 1985, and 
the first electron beam was produced in June 1986. This talk discusses the 
problems that have occurred since then, the developments that have taken 
place, and the measures currently used to improve modulator performance 
without degrading system reliability.

D. Fiander, PS Div. CERN 

"Thyratron switches in modulator circuits

The commonly used switch in high voltage modulator circuits is the 
hydrogen thyratron. Performance in terms of reliability and Iifetime 
varies considerably according to the modulator architecture. This talk will 
concentrate on the influence of impedance mis-matching between modula­
tor and Ioad on thyratron performance.

J.L. Pourre, GE-CGR MeV, BUC, France

"CGR MeV modulator design and construction"

The company CGR MeV will be presented and an overview of its activi­
ties in the industrial and scientific fields, worldwide, will be given. Typical 
modulator designs for medical, industrial and scientific areas, that have 
been installed and are in use, are to be described. The technical evolution 
of of these designs using the new solid state devices and high power 
Ihyratrons will also be presented.

E.G Schweppe, Valvo-Philips, Hamburg, Germany.

Valvo-Philips high power klystrons"

In this paper an overview of Philips high power klystrons and 
gyrotrons for research is presented. To improve Stability of klystrons with 
high efficiency, new tools for their simulation are supporting the devel­
opment. Results from these simulations are reported together with the 
future activities of Philips HFPT.

G.J. FaiIlon, THOMSON TUBES, France.

"THOMSON high peak power klystrons

For several years THOMSON TUBES ELECRONIQUES has been developing a 
new high peak power S-band klystron family. The peak power range 
spreads from 35 to 45 MW with typical 4.5 μs pulse lengths. The Th2094, 
which equips several sockets of the LIL at CERN is a good example of this 
type of klystron.

Because reliability became a critical issue for the operators of accelera­
tor facilities, a strong and continuous development effort was performed. 
This is continuing to increase the klystron Iifetime through technology 
improvement on built-in parts of the tube, such as cathodes, RF structures, 
windows, and also by taking care of external factors, like focussing , cool­
ing, output matching and modulator interface.



KLYSTRON-MODULATOR TECHNICAL MEETING

OPENING SESSION ADDRESS

CERN, 7th October 1991

J.P Delahaye, PS Division, CERN
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HIGH POWER RF-TRANSMFTTERS AT DESY. HAMBURG

H. Schneemann

CERN, 7th October 1991
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High Power RF-Transmitter at DESY, Hamburg
The High Power RF-Transmitter (14 in all) is required to generate a pulse output power of 20 MW at 3 GHz for a period of 5.7 /usec. This power is supplied to a SLED-type cavity and further to a linear accelerator section by means of a Tectangulare waveguide system. The waveguide system is evacuated. There is no window at the accelerator section.
The modulator output pulse has an effective length of 6 μ sec. and is typically 250 KV at 250 A. (Figure 1 )
The modulator consists of a High Voltage Power Supply which is derived in two stages. The main portion from a 75% fixed transformer and the remainder from a variable transformer followed by a fixed transformer, the percentage referring to the maximum output voltage attainable *
The Pulse-Forming Network (PFN) is resonantly charged by a 12 henry charging choke from the high voltage power supply and a 1Ozu^ filter capacitor to nearly twice the HV power supply voltage, The charging period is nearly 8 msec; the peak current 5,5 A at 20 KV.The PFN used in this modulator consist of 26 fixed-value capacitors (0.O2yΛiFj 45 KV DC) and 26 individually slug-tuned inductors.Suitable adjustment of these inductors enables the top of the klystron pulse to be made flat to 0.25% bin (peak-to-peak ripple) over a period of 5,7 μ sec.



-2-
Pulse-to-pulse stability of charging voltage to - 0.1% is achieved.by means of a resistive de-Quing system.The EV power supply itself is stabilized, to - 1% by means of a voltage regulator associated, with the variable transformer (25% portion).
After the PFN is fully charged., the modulator main switch tube, a ceramic thyratron, is triggered., discharging the PFN via the pulse transformer primary winding to produce a pulse voltage approx, equal to the high voltage PC level.
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Klystron Oil Tank
The klystron oil tank is a portable oil-filled steel box which houses the pulse transformer, klystron filament transformer, voltage- and current monitor.The klystron and its magnet are mounted on top of the tank together with a Iead shielding. The klystron cathode end immersed in the oil.
The pulse transformer is required to generate the high voltage necessary for modulating the klystron and to match its impedance to that of the PFN.The voltage delivered to the klystron can be adjusted about 11%by varying the pulse transformer Secundary taps. Under these conditions, the klystron pulse current will cover a wide range.The heat produced within the oil tank is removed by a water-cooled heat exchanger immersed in the oil at the top of the oil tank.Klystron and magnet are water-cooled.The klystron output window and the rectangular waveguide are pumped-Q by means of getter ion vacuum pumps to a pressure of 10 mbar.



-4-Frotection of relevant modulator auxiliaries
I am not talking about fuses, signal lamps etc.If an operating fault occurs associated with the modulator perfor­mance such as HVPS o/c or pulse o/v, shunt diode or VSWR the modulator trigger in the control rack will be gated off.The fault protection is arranged to turn off the high voltage power supply only in the event of an overcurrent fault.The mean overcurrent trip is set to about 2A and protects the modulator against multiple pulsing or shorts across the power supply.The peak overcurrent trip is set to about 6 A and protects the power supply against continuous conduction of the thyratron or transitory arcing.The pulse o/v-signal is taken directly from the cap-divider which measures the klystron pulse volts. At a preset level ( 27OKV) the modulator trigger will be gated off.The shunt diode circuit is used to remove negativ voltage from the thyratron anode during normal running and more particularly under fault conditions. Arcs in the klystron tank or the klystron result in a large inverse voltage appearing across the PFN. Should this voltage exeed a certain level, then the modulator trigger will be inhibited.The normal shunt diode signal bears a ratio of 750:1 to the negative voltage or the PFN.Each klystron is. fitted with a directional coupler at its output in order to monitor forward and reverse power.The reverse power is detected by means of a diode and the vidio signal generated provides a measure of the voltage standing wave Ratio (VSWR) seen by the klystron 
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The klystron filament and focus magnet setting are interlocked by means of meter relays that protect the filament and the magnet and prevent modulator operation at settings that deviate by more than Í 5% from their respective set points.It should by noted that the filament isolation transformer is a high reactive type which Iimits the filament surge current to 8A.
There are five indicating circuits associated with the klystron tank.They indicate if the following are safe: oil level, klystron body water, klystron magnet and tank water, klystron collector water and rectangular waveguide water.
During normal machine operation it is unavoidable that faults should occur on modulators from time to time.A reset system is such that the reset time and number of resets within a given tim^can be adjusted. After a predetermined number of resets in a given time have been exeeded, the circuit locks itself out and the operator has to reset manually.For o/c, S/D, o/v and vacuum the reset time is in the order of 5 seconds for the total of 5 times
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Performance and reliability
During the last 16 years each modulator has been working for at least 75000 high voltage hours, or, for the sum of 14 modulators just over one million hours.During that time we have lost for example only two pulse capaci­tors out of 364. We had to replace sets of rectifiers because of low ratings and we had to replace the variable transformers for the power supply because we could not get any spare parts of the older type. Smaler items have been changed here and there.We got a bigger problem with the high impedance klystron magnets. The occasions have been shorted turns and water leaks. We had to replace nine magnets out of 16.The shaped magnetic field for the klystron is generated by an electromagnet with three main coils and one counter coil. The main coils are splitted in halfs and seven copper cans for cooling purpose ars installed between the adjacent halfs∙ Bobbins and cans are assembled in a steel housing by means of epoxy casting.In co-operation with a german factory we found a better solution of building the magnets. Bobbins and cans are single and they are bolted together inside the case. So it becomes very easy to change a faulty coil or can. Up to now we never had to change a coil or a can.The real consumption parts of a modulator are thyratrons and klystrons and we have to spend a lot of money out of the budget. 1975 we payed for the main thyratron CX 1l68 DM 6.000, at the present the price went up to DM 15.667 ( increase 2.6 in 16 years). 19θ1 the price for a klystron was DM 8O.926, today DM 99∙612 (increase 1.2 in 10 years)βThese figures point out, that we have to watch those parts very careful 
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As DeQ-thyratron we use the EEV-type CX 1159 (55 ^maχ> 1000 ^maχ)∙ After about 20.000 working hours we stopped counting the elapsed time.The Main thyratron, EEV-type CX 1168, is a deuterium-filled ceramic tetrode thyratron fitted with a gradient grid. The filament is supp­lied at 6.8 V and 22 A and the reservoir at the manufacturerzs specified voltage and about 7 A. Tbe tube is required under normal running conditions to switch peak currents of 4000 A. The peak forward voltage is 80 KV .maxA positive bias is supplied to G1 and allows a current of 60 mA to pass through the G1 cathode region. The G1 to cathode voltage is typically 25 V. A negative 120 V-bias is applied to G2. A further feature is the provision of a gradient grid associated with a gra­dient grid resistor chain. This divides the thyratron anode voltage in half and ensures an even distribution of voltage gradient within the valve.As with the DeQ thyratron a double trigger is required for the main thyratron. In this case the trigger spike from a main thyratron driver is fed via a pulse transformer to a small delay line. This provides a small time delay between the trigger for G1 and G2.A capacitor provides D.C. isolation for the negative bias and an other capacitor decouples the anode grid voltage spike to ground.
The judgement, why thyratrons Iive for a Ionger or shorter time is very difficult. They are inserted in the same type of modulator, the thyratron switch circuit is the same, the supplier is the same, but the statistic points out, that there is a big difference, (Figure 2)
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Note 1 9 Fig.2We noticed that the Iifetime was decreasing.To get a good statistic figure, say ten tubes, also with 14 sockets, it takes some time. To be sure one waits for the next ten tubes be­fore going into details. The first answer from the supplier will be: * We have changed nothing", later one will Iearn from private com­munications that there have been changes.Simultaneous we had changed the air cooling system for the modulator cabinets, so the ambient temperature was lower than before. A fan, located next to the thyratron did cool the envelope of the thyratron down to 30-40° C. This temperature is much to low. Changing the fan type and its position brought the temperature up to about 5O-6O°C. The reliability changed a lot.Note 2,Fig.2At this time we started the storage ring DORIS. For radiation rea­sons we run the modulators with a repetition rate of 25 Hz during the filling time and J Hz during standby, just to keep the accele- tor guides warm. We got the following figures: Fil. hours: 100%25 Hz: 14%J Ez: 64%off : 22%The result of this mode of working was a decrease in Iifetime due to the change of envelope temperature.Note 3 ,Fig.2For financial reasons we had to be very careful with the consump­tion of electrical energy, so modulators and big power consumers have been switched on only during the filling time of DORIS or PETRA. The heaters have been running the whole time.The result again was an unusual decrease in Iifetime
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The statistic brought the answer: We splitted the tubes Nr. 121- 27O in groups of ten tubes, identified the average of filament and high voltage hours and put these values in relation. The result is shown in figure ( 5 ).
The interpretation has to be done very careful, because I think, that these results stay only for a special cycle of working time and time of rest. The result will be quite different if the heater of the thyratron runs for hours and the modulator will be triggert later and for a shorter time but continuous.I think the short-term change of power consumption will shorten the life of a thyratron.
The klystron, Thomson-CSF-type TV 2002 DOD, is a high power, high gain, pulsed amplifier klystron. This five-cavity klystron delivers a minimum of 24 MW peak output power with a minimum average power of 7∙5 KW.,It is pretuned at the factory to a frequency of 2998 MHz. The RF input is made via a coaxial plug and the output through a SLAC type vacuum tight flange. The klystron is used with an evacua­ted output waveguide.The TV 2002 DOD requires the use of an electromagnet for focusing. The waveguide and the body of the klystron are cooled by the same water flow.Th∈ collector is cooled by a distinct water circuit. The klystron includes an active getter which insures a permanent high vacuum.During the whole time we never run into problems, except a couple of years ago the supplier has had problems together with the ceramic window. We noticed an arcing on the window, and some windows have been punched. Sometimes we noticed a crack at the window after thousands of hours with the result of breakdowns in the klystron
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or the waveguide. In hoth cases the klystron had to be changed. During the mean time there will be a change of perveance but a sleight will help: increase the heater voltage a Iittle bit and another thousand hours will he yours.Sxunmarized one can say, that the average Iifetime of the klystrons are in the order of more than 16.000 high voltage hours.
At least a few words about spare thyratrons and klystrons. The amount has to be choosen very careful, because one needs enough thyratrons and klystrons for replacement, but guarantee figures give also a bordering.Together with a good up to date statistic a good balance for the number of spare tubes will be found.(Figure 4, Figure 5 )



Overall specifications of modulator (incl. pulse transformer

Peak power output 62.5 MW

Average power output 19 KW

Output pulse voltage 250 KV

Output pulse current 250 A

Load impedance range 1000 ohms

Pulse length, eff. 6 μsec

Pulse length, flat top 3.7 μsec

Pulse repetition rate 50 pulsesy/ sec

Pulse height deviation from flatness 0.25 %

Pulse amplitude drift :

Short term 0.2 % (30 minutes)
Long term 1.0 % (24 hours)

MODULATOR TANK

High Voltage Power Supply 
Pulse-Forming Network 
De-Quing System

( CX 1159 ) 
Main Switch Tube

( CX 1168 )

Pulse Transformer 
KIy.FiLTransformer 
Kly.Pulse Voltage Monitor 
Kly.Pulse Current Monitor 
Klystron Magnet
Klystron 2002 DOD 
Water Cooling

SETTING SETTING
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Statistic of used Thyratrons since 1 974

Lifetime : Average val∪e out of ten tubes 
(High voltage working hours)

Lifetime
[h]

NOTE 1 NOTE 2 NOTE 3
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GENT UNIVERSJTY KLYSTRQN - MODULATOR SYSTEMS

W. Mondelaers

CERN, 7th October 1991



Gent University Klystron Modulator Systems

Nuclear Physics Laboratory

Gent, Belgium

Pulseline-type modulators

1. General set-up of the accelerator facilities

2.

design approach = conventional

→ - operationalexperience(> 50 000hours)

- thyratron and klystron performance

3. Hard-tube medulator

major challenge = high quality specifications

over a wide dynamic range

→ - specifications

- regulation systems for improving performance

- operational experience ( > 22 000 hours)

- hard tube and klystron performance



1953 first home-buirt accelerator

4.3 MeV electron Iinac

1965 45 MeV Iinear electron accelerator

1975 90 MeV Iinear electron accelerator

e" beam : 0.07% duty factor

300 Hz p.r.f.

2.5 μ sec pulselength

100 μ A average current 

modulator : 0.1% duty factor

1984 15 MeV high intensity, medium duty factor

Iow energy electron accelerator 

e- beam : 2% duty factor

5000 Hz p.r.f.

10μsec pulselength

2 mA average current

modulator : 2.8% duty factor



Both Tacilrties are dedicated to the production of :

- electron beams

^,fast 
- positron beams≤^ 

^^ slow

- gamma beams
unpolarised

polarised

Research :

- Iow energy nuclear physics

- materials research

- radiation dosimetry

- radiation therapy

Running time per year : ≈ 4000 hours





90 MeV accelerator

injector

bu⅜lt by

HRC

sections

1 modulator
GE/CGR-MeV

1 modulator

beam transport system

positron facilities

peripheral equipment

NPL, Gent





15 MeV accelerator

buitt by

injector

sections

modulator 

beam transport system

high beam power handling equipment 

fast beam monitoring units

beam quality regulation systems 

peripheral equipment

GE/CGR-MeV

NPL, Gent

Major challenge

Production and transport of e- beams :

- high average current

- Iow emittance

- continuous variable energy

- narrow energy spectrum

- stable : - during the pulse

- from pulse-to-pulse

- variable pulselength

- variable pulse repetition frequency



O
e~ beam power density : up to 150 kW/cm

range in Al : only 2 cm

Iow accelerating field

high beam Ioadin

→ beam dynamics very

sensitive to changes of :

- field amplitude

- phase

→ Stringent requirements on klystron modulator specifications

Design Actual

Max. energy 10 MeV > 15 MeV

Max. p.r.t 2000 Hz * 5000 Hz

Max. avg. current on target 0.5 mA ► 1.5 mA
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Pulseline-type modulator

Klystron SpecKications

electromagnet electromagnet

TV2015 ITT 8568

Frequency 2856 MHz 2856 MHz

RF output power peak 25 MW 25 MW

avg. 25 kW 25 kW

RF input power peak 180W 150W

Beam voltage peak 245 kV 250 kV

Beam current peak 252A 250A

Heater power 680W 210W

Microperveance 2.08 2.00

Efficiency 40% 40%

Impedance 970 Ω 1000Ω

Gain 51.5 dB 53 dB

Output 2 windows 1 window

Focusing
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Main thyratron specifications

Deuterium-filled , two-gap , ceramic tetrode thyratron

EE CX1175

Grid 2 bias voltage

Peak forward anode voltage 80 kV max.

Peak anode current 6000 A max.

Average anode current 6 A max.

Anode heating factor 140.109 V.A.pps. max.

Cathode heater power 252W

Reservoir heater power 50W

Grid 2 drive pulse voltage 1200 V

Grid 1 DC priming voltage 150 V

-150V



Pulseline modulator specifications

HT power supply

max min—

RF peak power 25 MW 2.5 MW

Mod. peak power 65 MW 8 MW

Cathode vottage 250kV 107 kV

Cathode current 250A 75A

Klystron impedance 970Ω 1445 Ω

Repetition rate 300 Hz 50 Hz

Pulselength (flat top) 2.5 μsec

Rise time 1 μsec

Fall time 1.5μsec

Flat top ripple & droop
< 1%

Amplitude jitter

Number of PFN 3 in parallel (CGR)

1 (Gent)

Number of cells/PFN 9

Pulse transformer ratio 1:13

Max primary pulse current 3250A

Max PFN voltage 45kV

25 kV/5 A



Thyratron age at failure

HV HOURS

Thyratron failure cause

- short circuit grid 1/ground 8 thyratrons

- filament failure 3

- reduced high voltage hold-off 7

- refusal of switching

or instabilities during switching 6

Klystron failures

Failure Cause Age at failure

TV2015 Vacuum 19 354 HV HOURS

Arcing 7468

Arcing 6563

Perveance | 13182
Perveance | 2418

ITT8568 Perveance | 14593



Hard-tube modulator

Energy range 1.75 -15 MeV

Adjustable e' beam energy :

1. Modulator working at fixed Ievels + phase shifting between sections

but : - only 2 sections (first section : buncher)

- spectrum requirements < — > optimum phase

2. Modulator with a wide dynamic range

- continuous adjustable power Ievel

- high power variable waveguide coupler

First section 0.3 MW peak HF power

Second section 0.3 - 1.7 MW

Klystron 0.6 - 2.0 MW

Other modulator requirements :

- flexibility (pulselength, p.r.f.,...)

- reliability

- stable pulse specifications over whole energy range

I—* fiat-top voftage droop & ripple (1Oμsec) < 0.15%

voftage amplitude jitter < 0.15%



Hard-tube modulator

Klystron specffîcations

Focusing

for typical operation TV2013

Frequency 2999 MHz

RF outpout power peak 2 MW (4 MW max.)

avg. 56kW (60 kW max.)

RF input power peak 90W

Beam voltage peak 95kV (120 kV max.)

Beam current peak 56A (80 A max.)

Heater power 450W

Microperveance 1.9

Efficiency 40%

Impedance 1700Ω

Gain 43.7 dB

Output 2 windows

electromagnet



Hard-tube modulator SpecKications

max min

RF peak power 2MW 0.6 MW

Mod peak power 5.4 MW 1.7 MW

Cathode voltage 95kV 60kV

Cathode current 56A 28A

Klystron impedance 1700 Ω 2150 Ω

Repetition rate 5000 Hz 500 Hz

Pulselength (flat top) 10μsec 2μsec

Rise time < 4μsec

Fall time < 4μsec

Voltage flat top ripple & droop < 0.15%

Voltage amplitude jitter < 0.15%

Max.primary current

Storage capacitor 2x1.25μF

Stored energy 2000 joules

Max. energy/pulse 75 joules

Pulse transformer ratio 1:3.3

185A

HT power supply 40 kV/6 A

20 kV/0.6 A
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Hard-tube modulator Switching tubes

Main circutt

Klystron pulse 95 kV/58 A

Pulse transformer 1:3.3

Switch current (peak) 200 A

Storage capacitor voltage 40 kV

Max. switch anode dissipation

(at Vswitch = 2/3 Vload) 90 kW avg.

→, 2 triodes TH 146B in parallel

Driver circuit

→ 1 triode TH 216

TH 146B grid polarisation -1.5 kV

Driver pulse 2.5 kV/40 A

Pulse transformer 4:1

Swttch current (peak) 10A

Storage capacitor voltage 20kV

Swttch Iife times > 21 000 hours



Hard-tube Specifications

TH 146B TH216

Anode voltage continuous 45kV 30 kV

Peak voitage across switch (typ.) 8kV 5 kV

DC grid polarisation voltage -1.5kV -1.5 kV

Peak grid voltage 1 kV 1.2 kV

Peak anode current (max.) 4∞A 150A

Anode dissipation (max.) 45kW 15kW

Grid dissipation (max.) 1.8kW 0.5 kW

Filament voltage 13 V 8V

Filament current 500A 320A

Filament power 6.5kW 2.6 kW



Pulse shape distortion due to - pulsetransformer 

- parasitic circuit elements

- Rise & fall time (≡ 4 μsec) 

~ stray capacitance Cs

Ieakage inductance U.

Cs (hard-tube) > Cs (pulseline)

I--------* - storage capacitor

- hard-tubes

- Puise droop '≈ 2% pulsetransformer 
≈ 3% capacitor droop

shunt inductance Ls 

generator resistance // Ioad resitance R

R (hard tube) > R (pulseline)

but : droop compensation

Versatility of hard-tube modulator

- changing pulseamplitude

- pulselength

- droop compensation

- pulse shaping

at Iow voltage Ievel

- feedback regulation
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KLYSTRON VOLTAGE REGULATION&STABILISATION SYSTEM

AMPLITUDE 
REE

PULSELENGTH 
REE.

DROOP 
REE

4 MeV 10 MeV

Beam pulses before and after energy analysis
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RA= 2 V RB=O. 2 V RTB= 2us

∣KL = 41.7 A peak
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RA= 5 V RTB= 5us

RA∕√-

TH 146 driver pulse
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Electron beam

Energy : 7.0 MeV
Average beam current : 1.5 mA
Peak beam current : 75 mA
Pulse Iength : 10w sec
Repetition rate :
Spectrum width :

2000 Hz
0.5%

Long-term stability of energy-analysed electron beam intensity on target, 
the accelerator running automatically without any operator interventions, 

(recording time: 1h)



THE NEW TNIECTOR LINAC MODULATOR FOR THE LURE - ORSAY ELECTRON GUN

D. Lagrange

CERN, 7thOctoberl991



N. L L.

The NIL (New Injector for Linac ) modulator gives high 
voltage pulses : 5ns or 20ns width, 0 to 5kV, the jitter being less 
than lns.

This was realized with coaxial lines according to the Blumlein 
scheme. The power switch is made by an hydrogen thyratron, the 
two gates are pulsed by specific current and voltage amplifiers.

As the modulator is connected to the -100 kV gun cathode 
voltage, commands and trigger use optical fibers.

DLAGRANGE
LURE ORSAY



NEW

INJECTOR

FOR

LINAC
LURE - ORSAY



SPECIFICATIONS

ELECTRON GUN

CURRENT :............................... 15 A
Max 30

WiDTH : ................................... < 7 ns or 20 ns

JiTTER :..................................... < 1 ns

FREQUENCY :......................... 50 Hz

VOLTAGE REFERENCE :... Anode to ground

MODULATOR

-1 kV
3 kV

5 ns/20 ns

< 1 ns

50 Hz

- 100 kV

¿V



TRIODE ELECTRON GuN 
FROM CGR-MEV

ANODE-CATHODE VOLTAGE : ................................ 100 kV

PlC CURRENT : ..................................................................... 30 A

BiAS VOLTAGE :..................................................................  700 V to 2 kV

HEATING CURRENT :....................................................... 20 A

CAPACITY GRID-CATHODE :.................................... 5 pF

IMPEDANCE CATHODE-GRID :................................ ∞ fθΓ 0 A
109 Ω for 16 A

TEST LIL : 15 A transmitted with :

* High voltage = - 100 kV
» Heating current = 19 A
« Bias voltage = - 750 V
• PuIse voltage on cathode = - 2,5 kV





MAIN CHOICES

TRIGGER :

. CATHODE TRIGGERING.

. PULSE GENERATOR WITH COAXIAL LINES.

. BLUMLEIN SCHEM FOR SHORT PULSES.

. Two PULSE GENERATORS CONNECTED AT A TIME.

COMMAND :

. PULSE TRIGGER WITH FAST OPTICAL FIBER.

» HARDWARE SECURITY ON BOARD.

* COMMAND BY VME SYSTEM.

« COMMUNICATION BY RS 232 IN OPTICAL FIBER.





c¿.



Date/Time run: 12/14/89 10:16:14
ESSAl canon DL-CANO.cir

Temperature: 27.0
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THYRATRONS

PEAK VOLTAGE :...........................

PEAK CURRENT :...........................

Dl/DT : ...........................................

DELAI TIME :.....................................

JlTTER : ................................................

PULSED :

GRID 1 :.......................................

GRID 2 :.......................................

BlAS VOLTAGE :...............

SHORT PULSES LONG PULSES

CX 1599 EEV CX 1588 EEV

12,5 kV 25 kV

1 000 A 1 000 A

100 kA∕μs 100 kA∕μs

0,03 μs 0,03 μs

0,2 ns 0,2 ns

500 V

2/50 A

500 V

2/50 A

500 V 

-25v∕-200

500 V 

-25v∕-200



IMPULSION DE COURANT

CAHIER DES CHARGES

AMPLITUDE: 10A-20A

LARGEUR : 1 μ s - 10 μ  s

TEMPS MONTE: le + rapide possible

FREQUENCE : 50 Hz

POLARISATION NEGATIVE : - 5 V

SOLUTION ADOPTEE :

Sur la base de l'ampli utilisé pour le feed-back 
bétatron :

- Ampli d'impulsion (réglage d'amplitude par Γalim.)

- Transistor MOS IRF 350

- Sortie Basse Impédance

(Transformateur "quasi" coaxial)

- Test par transformateur de courant.





6/ Formes d,Ondes :
V sortie sur 11 Ohms (20 V/C)I # 2 A
I test (2 V/C)
2 μS∕C T= 10 μS

V sortie sur 11 Ohms (100 V/C)I # 20 A
I test (5 V/C )
500 nS/C

V sortie sur 11 Ohms (100 V/C)I # 20 A
I test (5 V/C)
50 nS/C

4



IMPULSION DE TENSION

CAHIER DES CHARGES:

Amplitude : > 150 V stable

Largeur : ^^ 100 ns

Temps Montée : ^j 1 ns

Polarisation Négative : - 50 V

Jitter : < 200 ps

Fréquence : 50 Hz

SOLUTION ADOPTEE :

- Générateur avalance

- Montage Marx (4 étages)

- Transfo élévateur en sortie





VoLTAGE GENERATOR

Without transformer

Zs = 50 Ω

Vs = 220 V

tm = 2 ns

After transformer

Zs = 200 Ω

Vs = 450 V

tm = 7 ns



ANNEXE ISYNOPTIQUE DE DECLENCHE
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LoNG PULSE

HT = 5 kV

Vs = 900 V
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CURRENT PULSE
OUT OF THE

ELECTRON GUN

Ie = 24,4 A
t1/2 = 4,6 ns

for :
Heating current = 17,5 A

Bias voltage = 1,4 kV

Thyratron voltage = 2 kV 

High voltage = - 100 kV



SLAC MODULATOR OPERATION AND RELUBILITY PN THE SLC ERA (*)

A.R Donaldson, C.W Allen, J.R Ashton

Stanford Linear Accelerator Center

Stanford University, Stanford, CA 94309

7th October 1991, CERN Presentation bv A.R Donaldson

Work supported by the U.S. Dept. ofEnergy, Contract number DE-AC03-76SF00515
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LDiAC 5045 KLYSTRON DEPLOYMENT

TOTAL QUANTTTY 243

LOCATION NUMBER
OF KLYSTRONS

ENERGY

DiJECTOR STATIONS 5
SECTOR 1 STATIONS 5

200
1.15

Mev 
Gev

N & S DAMPDiG RDiGS 
Di/OUT RDiG ENERGY 
♦NRTL COMPRESSOR 1 
♦SLTR COMPRESSOR 1 
*SRTL COMPRESSOR 1

1.15 Gev

SECTOR 2 STATIONS 7
SECTOR 3 TO 18 127
SECTOR 19 7

^2.80 
^32.77 
^34.43

Gev 
Gev 
Gev

POSTTRON SOURCE 
e “ ON POSITRON TARGET 
e + ACCELERATED 2

30.5-31.5
200

Gev 
Mev

SECTOR 20 7
SECTOR 21 TO 30 80

^36.01
^54.96

Gev 
Gev

INTO ARCS 47 Gev

DiTO DETECTOR 46 Gev

TOTAL COUNT 243

A DiDICATES MAX POSSEBLE ENERGY (PHASE ALIGNED) 
AND DOES NOT DiCLUDE LOSSES DUE TO:

15 DEGREE OFFSET BNS DAMPDiG 
OVERHEAD FOR ENERGY FEEDBACK LOOPS 
MODULATORS DOWN FOR MADiTENANCE 
KLYSTRONS DOWN FOR MADiTENANCE

♦ STATIONS COMPRESS THE BEAM AND ADD NO ENERGY
GADi TO THE BEAM



#3∆⅛ε>

5045 KLYSTRON DATA Z Γ~ 3&^poPHr:

Klystron Frequency 2856 MHz

Klystron Beam Voltage 350 kV

Klystron Beam Current 414 A

Microperveance 2

Peak Power Out 67 MW

Peak Input Power 500 W

Power Gain 50 dB (minimum)

RF Pulse WIdth 3.5 μs
Ma^uJa⅛rr~l^γsi-rτ><*≤(243)θperat>aH ^-- ér/o 6 ⅛r½.

150 MW MODULATOR DATA

Repetition Rate 120 Hz (maximum)

Thyratron Anode Voltage 46.7 kV

Thyratron Anode Current 6225 A

Pulse Transformer Ratio 1:15

Voltage Pulse Width 5.0 μs

Pulse Rise Time 0.8 μs

Pulse Fall Time 1.8 μs

Pulse Flattop Ripple ± 0.25 %

Nominal PFN Impedance 4 Ω

Total PFN Capacitance 0.70 μF

Charging Inductance 2.4 H

PFN Charging Time 4.1 ms

Peak Charging Current 12.7 A
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THYRATRON DATA

Repetltion Rate 120 Hz (maximum)

Thyratron Anode Voltage 46.7 kV 

Thyratron Anode Current 6225 A

Voltage Pulse Width 5.0 μs 

Pulse Rise Time 0.8 μs 

Pulse Fall Time 1.8 μs

THYRATRON LIFETiME DATA Based on thyratron
retesting & reuse. 

from the beαinninα 

AVE MAX

Present Overall Average 21 kHr

Wagner CH1191 63 kHr 94 kHr

ITT F-143 45 kHr 56 kHr

ITT F-241 16 kHr 25 kHr

Omniwave 1002 5 kHr 34 kHr

THYRATRON LIFETIME DATA Based on thyratron 
replacement rate.

for the 90 and 91 SLC Runs

Overall Average for 91 Run 16 kHr 120 Hz tor = 4 weeks 
60 Hz for 20 weeks

Overall Average for 90 Run 15 kHr 30 weeks

Average for 90 Run at 120 Hz 13 kHr 20 weeks

Average for 90 Run at 60 Hz 22 kHr 10 weeks

Aa ù &/3



RangeModMismatch

% of Zo MISMATCH for 134 MODULATORS

Zo MISMATCH as a PERCENTAGE OF OUTPUT PULSE

∕<Z)^∕^∙

Page 1
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11402 DIGITIZING OSCILLOSCOPE {exp:3.8,dig:3.91,dsy:3.3}
date: 1-OCT-91 time: 14:05:59 Instrument ID# B021366
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RangeZModDeQing

DeQ’ing CURRENT RANGE for 137 MODULATORS

DeQ'lng Current (In Amps)

AtfiriZ-O

Page 1
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Related publications;

P.J.T.Bruinsma, E.Heine, e.a.,
"An all solid-state line-type modulatorfor 10% duty factor",

IEEE Trans. on Nuclear Science, vol. NS-20 1973 
J.G.Noomen, e.a.,

"A modular cooling system forthe MEA high duty factor electron linac",
IEEE Trans. on Nuclear Science, vol. NS-28, No.3, June 1981 

F.B.Kroes, E.Heine, T.SIuijk, 
"A fast amplitude and phase modulated RF-source for AmPS",

IEEE Part.Acc.Conf., San Fransisco 1990 

to be published at EPAC 1992;

E.Heine, A.vd.Linden, P.J.T.Bruinsma, e.a.,
"The synchronously Discharged Fast Electrostatic Kickers of AmPS"

A.vd.Linden, P.J.T.Bruinsma, E.Heine, e.a.,
"The AmPS 80kV electrostatic septum withe .65 wire spacing" 

contact persons;
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This work is part of the research program of the Nuclear Physics section of the 
National Institute for Nuclear Physics and High-Energy Physics (NIKHEF-K), 
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Research on Matter (FOM) and the Nteherlands Foundation for Science 
Research (NWO).

NIKHEF-K
P.O.Box 41882 - 1009 DB Amsterdam
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CERN Modulator Technical Meeting 7-8/10Æ1

EUROPEAN SYNCHROTRON RADUTION FACHJTY
P.Berkvens - ESRF

The ESRF, at present under construction at Grenoble, France is funded by different European 
countries.

The accelerator faciHty includes:

PREESUECTOR:
200 MeV Hnear electron accelerator

full cycling B∞STER SYNCHROTRON:
200MEV->6GeV
5mA
10 Hz repetition frequency
352 MHz

STORAGE RLNG:
6GeV
IOOmA
352 MHz
multibunch mode or single bunch mode

30 ESRF insertion device beamHnes wül be insta∏ed.
Extemal beamHnes will be instaUed on dipole magnets (CRG's).

Time SChedyIe:

Preinjector:
commissioning: May - June '91, January - February '92



Booster
commissioning: September - December '91

Storage Ring:
Commisioning: from March '92 onwards

Beginning '92: insta∏ation of first beamlines

PREINJECTOR

- beam characteristics:

repetition frequency: 10 Hz

RF frequency : 2.998 GHz
b∞ster + storage ring RF not subharmonic from preinjector frequency

beampulse length:
1. multibunch operation 

b∞ster length: 1 μs 
transient beamloading

--> 2 μs
2. single bunch operation 

storage ring period: 2.8 ns 
—> 2 ns

peak current:

multibunch e- : 25 mA

single bunch e^: 250 mA
single bunch e+: 2.5 A



Modulator characteristics:

Figure 1 shows the general Iayout of the Hnac setup. There are 2 identical modulators. The first 
modulator feeds the first 6 meter section, the buncher and the prebuncher cavity.

pulse repetition frequency:
The modulators run at a fixed pulse repetition frequency of 10 Hz. The electron beam can be 
set at 10, 5,2 or 1 Hz ( plus single shot ) by yes or no putting the.RF pulse and the gun puls 
together.

pulse length:
The pulse Iength is 5 μs: the filling time of the 6 meter sections is 1.5 μs. Therefore in Order to 
get a 2 μs beampulse at least 3.5 μs flat top of the RF modulator pulse is required.

peakpower
In order to get 200 MeV, 50 mA peak current 35 MW peak power per modulator is required.

Figure 2 shows the schematic diagram of the modulator.
The modulators are of a standard design, made by CGR MeV. They use TH2100 Thomson 
klystrons, and CX1525A EEV thyratrons. The PFN is made of 19 ceUs. Charging time of the PFN 
is about 10 ms. Low voltage deQing is foreseen.
The modulators run with a negative mismatching ( appr. 6 % )

Modulator driving system:
At present a problem with the modulator driving system is observed. The phase shift between the 
RF of the 2 modulators is obtained at very low power via an electronic phase shifter. This phase 
shifter introduces an important phase shifting during the RF pulse between the two signals. This 
can be observed on the energy analyzed beam behaviour when displacing the 10 μs input power 
pulse relative to the modulator ( and beam ) pulse. This is shown on figure 3. A direct measure of 
this phase shift is shown in figure 4.

Operation schedule:

- routine operation:
3 fi∏ing cycles / 24 h
per fiUing cycle : a few minutes beam

—> linac normaUy fuUy shut down between filllng cycles



Possible positron operation:
to increase storage ring beam Iifetime 
project under study
--> design proposal beginning ,92

decision course '92

400 MeV e+ Hnac or alternative design
-> at least 1 other modulator

in house development

Klystron failure:
After appr. 500 hours of operation one of the TH2100 klystrons failed: one of the filaments failed.
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PRIMARY CONTROL PS
SCR PHASE
CONTROLED FILTER
RECTIFIER INDUCTOR

RECTIFIER DIODE STACK 3 SERIES FULL VAVE BRIDGES FILTERCAPACITOR

BYPASS SCR

RECTIFIERTRANSFORAER R. CASSEL 
9/29/91
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KLYSTRON-MODULATOR TECHNICAL MEETING

KCassel 
10/1/91

Improvements and new designs 
for

SLAC Klystron Modulators

Stanford Linear Accelerator Center



ITEMSTOBECOVERED

R. Cassel 
10/1/91

* PRIMARY SCR PHASE BACK CONTROL POWER SUPPLY

* FULLWAVEBREDGERECTΠIERCONHGURATION

* PULSED CHARGING

* ENERGYRECOVERYDeQESNG

* COMMANDCHARGING

* GROUNDEDPFNANDTRANSFORMER

* END OF LINE CLffPER VS FRONT OF LINE CLffPER

* RECΠHEDKLYSTRONHEATERPOWERSUPPLY

* NLCTA MODULATOR RISE TIME

* CUMULATIVE WAVE LINE DESIGNS

* 440KV/480KVXBANDKLYSTRONMODULATOR

* 600KV NLCTA XBAND KLYSTRON MODULATOR
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PRIMARY CONTRL PS
SCR PHASE
CONTROLED FILTER
RECTIFIER INDUCTOR

RECTIFIER DIODE STACK 3 SERIES FULL VAVE ERIDGES FILTERCAPACITOR

BYPASS SCR

RECTIFIERTRANSFORAER R. CASSEL 
9Æ9/91



MODULATOR PRIMARY CONTROL 
OPEN WYE SCR WITH FILTER INDUCTOR

R. CASSEL
10/1/91

ADVANTAGES

VOLTAGE CONTROL RANGE 10%-100%

VOLTAGE REGULATION BETTER THAN 1%

FttTER PiDUCTOR AT LOW VOLTAGE

REDUCED SHORT CΓRCUΓΓ CURRENTS

FULL WAVE BRIDGE RECTIFIER CONFIGURATION

REDUCED VOLTAGE ON WINDINGS

FEWER NUMBER OF DIODES NEEDED
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MODULATOR PULSE CHARGING 
FOR USE AT LOW AVERAGE POWER

R. CASSEL
10/1/91

ADVANTAGES

♦ VOLTAGE REGULATION BETTER THAN 0.1%

♦ CHARGE PFN ON COMMAND 

* NO LOW FREQUENCY TRANSFORMER
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ENERGYRECOVERDeQing

R. CasseI 
10/1/91

* Wide DeQing range > 20% voltage range

* High efficiency modulator, good regulation

* No residual DeQing current independent of rate

Stanford Linear Accelerator Center



27-SEP-90 SLAC ENERGYRECOVERY DEQING
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COMMAND CHARGING

R. Cassel 
10/V91

* PFN Voltage independent of repetition rate

* Thyratron has a Iong deionization time.

* AdditionaI method to stop pulsing under klystron fault

Stanford Linear Accelerator Center
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GROUNDED PFNH-RANSFORMER

R. Cassel 
10/V91

* Reduce inductance from PFN to pulse transformer

* Reduce stray capacity discharge from PFN

* Reduce space for PFN

Stanford Linear Accelerator Center



ENDOF LINECLIPPER

R. Cassel 
10/1/91

* Absorbs energy for klystron short no thyrtron reverse current

* Prevents reverse voltage due to magnetizing inductance

* Indicate klystron arcing

* Reduce klystron reverse voltage

Stanford Linear Accelerator Center



GROUNDED PFNZTRANSFORMER

END DF LINE 
CLIPPER

CHARGING
POVER 
SUPPLY

PULSE
FDRMING
NETVORK

KLYSTRON

THYRATRON
FIRiNG
PULSER

HEATER 
RESERVOIR 
KEEP ALIVE R. CASSEL 

9/29/91



RECTIFlED KLYSTRON HEATER POWER SUPPLY

R. Cassel 
10/1/91

* Reduce phase changes in klystron due to heater current

* Power / temperature regulation of Klystron heater

* Reduce size of pulse transformer due to heater current

* Reduce heater current inrush during cooled start up

Stanford Linear Accelerator Center
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NLCTA Kjystron 
Modulator rise time problems:

Rise time 
goal 100 nsec

1) Thyratron rise time

* Thyratron inductance from 200 to 300 fchy 
(impedance must be greater than 3 ohms)

2) Klystron capacitance

* klystron impedance greater than 1000 ohms 
(klystron capacitance <100 pfd)

3) Pulse transformer inductance

* klystron impedance 1000 ohms 
(leakage inductance secondary <100 uhy)

4) NumberofPFNsections

rise time approx (pulse length)/(number of PFN sections) 
(number of section greater than 10) 

(cable rise time <30 nsec)

4) Stray inductance/ capacitance

impedance less than equivalent PFN, transformer, thyratron 
(depends on type of system used)
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LIL ModulatorSystems

P.D Pearce, PS Division, CERN

1) Introduction

The LIL machine produces sequentially, beam pulses of e- and e+ at a repetition rate of 100Hz. 
These pulses are accumulated in 4 or 8 bunches in the EPA ring and then ejected to the PS machine. This 
530MeV beam is then accelerated to 3.5GeV before ejection to the SPS, where it is further accelerated to 
about 20GeV before being sent to the LEP. The PS machine complex with the Iocation of the LEP 
Injector Linac O-IL), is shown in Figure 1.

2) LIL machine configuration

There are six modulator stations in the present LΠ- machine that are used for beam acceleration. 
A seventh modulator is a spare parts device, but is used also for CTF experiments. A dedicated test 
modulator is in the process ofbeing constructed. This will be used for conditioning new klystrons and 
thyratrons, testing repaired controls and interlock equipment, developing new components or 
configurations and for developing technicians maintenance procedures and skills. This modulator will be 
commissioned and be ready for use as a test facility in June 1992.

The present machine LIL configuration is as shown in Figure 2 (A). The thermionic gun works 
at around 80 to 90kV with a perveance of about O.8x E-6. The peak cathode current is of the order of 9A, 
from a cathode area of about 10 cm2. The electron beam is bunched by the 15 mm long prebuncher 
placed at a distance of IOOmm from the buncher. The buncher is a triperiodic structure and is located 
inside a solenoidal field of 0.2T and works in standing wave mode. The 4MeV beam produced out of the 
buncher is accelerated by each of the 4.5 metre Iinac structures as shown. The RF power needed for the 
newly installed buncher and pre buncher, is 2.8MW . This means that the klystron used in this position 
has an easy life compared to the others in the machine. The first four acceleration sections are powered 
from one klystron running at 24.5MW and fitted with a pulse compressor. The acceleration per section 
used is about 55MeV per section and the voltage gradient is 12.5MV/m. The electron beam energy 
striking the convener target for producing positrons is around 220MeV. The RF power provided by the 
klystron modulators accelerates the beam up to 530MeV for injection into the EPA storage ring. The 
acceleration per section in the LIL W part of the machine is around 44MeV.

A possible future machine layout, when an improved positron production rate could be required 
is shown in Figure 2 (B). This configuration change would probably have to be done in stages in order to 
keep the machine operational as much as possible between modifications. The first step in this direction 
to test out a small part of the basic arrangement will start in early 1992. A pulse compressor (LIPS), will 
be fitted to the last modulator station (MDK35) to provide RF power, at a high gradient, for these last two 
accelerator sections. Following good results here the next stage for conversion could be modulator station 
MDK25, just after the converter target, to improve collection efficiency. The moving of the converter 
target further downstream would require significant changes to the machine layout, as will introducing 
further modulators, and will require careful planning and installation.



3) Operating parameters

The modulator and LIL parameters are shown in Figure 3. The klystron voltages and currents are 
those of a new device operating at the maximum of 35MW. However the klystrons do not at present need 
to have the output power increased above 25MW . The future layout will require that all stations run at 
between 17 and 30MW. The typical peak thyratron anode voltage used today is between 32 and36kV.

4) Output power

In the present machine setup the RF power profile produced from the klystrons, down the Iinac , 
is as shown in Figure 4. This also shows the reduction of power requirements for the first station 
(MDK03). This reduction in RF power is the result of installing a new pre-buncher/buncher in the 
machine during the 1990/91 winter shutdown. This means that there is one position in the machine 
where old, low perveance klystrons could be fitted to obtain maximum Iifetime from them. This however 
is not a long term solution that can be used instead of a klystron replacement planning programme.

5) The modulator basic circuit

The basic circuit diagram of the LIL modulators is shown in Figure 5. These modulators were 
constructed for CERN under a collaboration with LAL Orsay laboratory, using the well tried SLAC 
layout. The circuit analysis and detailed electrical design was made in CERN as part of the collaboration. 
The RF pulse compressors shown earlier also originate from a SLAC design , and are more commonly 
known as SLED devices.

The modulator has a primary 3 phase charging system with the charging choke feeding a 6 microfarad 
storage capacitor. The stability of the voltage on the PFN is assured by the D'quing system which 
operates basically when the measured voltage equals the required reference voltage. The voltage Stability 
obtained at the PFN is of the order of 0.1%.

The PFN is a lumped component assembly with 25 capacitors of each 25nF. The inductors are 
slug tuned with a minimum inductance (slug fully in) of about 0.7 microH. As a klystron gets older and 
the perveance decreases, its dynamic impedance increases. This means that to maintain the 10% positive 
klystron load mismatch, used to create a long period of relatively low inverse voltage on the thyratron to 
help its recovery, the PFN inductors need frequent re-adjustment by means of the tuning slugs. Figure 6 
shows the range of adjustment possible on the lowest curve. The higher curve is what is possible in order 
to match the klystron over most of its Iifetime with the coil compressed. Future coils will have an extra 
tum to make this adjustment easier, and not have to compromise between flat top quality and mismatch.

The HV filter or de-spiker circuit between the charging power supply and the PFN/thyratron 
assembly was one of the components to fail early in the life of these modulators. This has been 
redesigned (two versions exist) which use commercially available components rather than the homemade 
capacitor using two concentric copper tubes and polypropelene waste water pipe as the dielectric. The 
latter regularly broke down after a 100 hours or so. Nylon fire wires were installed on the filter resistors, 
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connected to the interlock system, after one of these burnt up inside the faraday cage causing some 
damage.

The end of line clipper circuit was redesigned to use more robust diodes, capacitors and resisitor 
assemblies. Very few problems have been experienced with the klystron tank components, like the pulse 
transformer and chokes. The triaxial high voltage cable that connects the PFN voltage pulse to the tank 
has also been reliable, after the initial development of getting the earth connections in the correct place. 
Figure 7 shows the components inside of the high voltage klystron tank.

The capacitive divider used for high voltage measurement of the 270kV on the klystron cathode 
has a ratio of 30,000:1 and the top end is 0.7picoFarad. This capacitive divider uses the tank oil as its 
dielectric. The high ratio value enables a small 10 volt analogue signal to be produced for the electronics 
but reduces the measurement precision. Also, as the oil degrades the division ratio changes and so does 
the read-out voltage value. Since the klystron perveance is also changing during its active life this signal 
cannot be used exclusively as an accurate means to recalibrate the readout or calculate the perveance 
values with. The PFN charging voltage and mismatch must be accurately measured, enabling the high 
voltage value and perveance to be calculated from the results.

6) Running data

Most of our present problems revolve around the running and adjustments of the thyratrons and 
klystrons, and in obtaining a reasonable Iifetime from them. The six modulators are equiped with 
klystrons from Thomson (type Th2094) or Valvo (type YK1600). Figure 8 shows the operating 
parameters of MDK27 taken recently. This modulator has a Thomson klystron which has run for nearly 
15,000 heater hours with 14,000 high voltage hours, and now has a perveance of 1.85 E-6. The starting 
value was about 1.95 E-6.
The thyratron used in all modulators at present is the ITT KU275C . The number of klystron and 
thyratron tubes that have been replaced in the total system, with the range of Iifetimes obtained are shown 
in Figure 9.

7) Thyratron management

Figure 10 shows the regular reservoir voltage adjustments needed with the KU275C Lhyratrons in 
order to compensate for the gas clean-up and loss of pressure with lifetime. When the tube is new these 
adjustments are made at about 2000 hour intervals, and as the tube gets older this becomes every 500 
hours or less. At this moment the faulty shot rate and the subsequent modulator downtime increases. The 
thyratron must then be replaced. Older tubes that function with a high reservoir voltage and low fault rate 
recover their performance after a machine stop of a week or so, and require a lower reservoir voltage to 
start-up with. Then after a period of two days the reservoir voltage has to be increased again to the 
previous value to maintain modulator performance. When this stage is reached the tube must be replaced 
rapidly or suffer a period of repeated modulator stops due to thyratron current extinguishing duπng the 
pulse. Theeffectsof IhisisshowninFigurell, where the Iowgaspressureinthe ^yratrontube 
causes it to extinguish towards the end of the current pulse. This photo shows this effect as seen on the 
applied klysLron voltage pulse at its cathode.



8) Klystron management

The variation of klystron perveance, up to the present, of some of those tubes used in the LIL machine 
are shown in Figure 12. We have noticed that those klystrons with a more peaky power curve are more 
Iikely to be those tubes that will have a rapid fall off in perveance between 10,000 and 15,000 heater 
hours.The klystrons with flatter power curves seem to decrease in perveance at a slower rate. The tube 
Iabelled No 2 is one of these, whilst No 5 is one of the first types. These observations, as well as those 
for the KU275C thyratrons should be treated with caution since they come from a very small statistical 
sample size with only seven modulators actually in use.

In order to improve the Iifetime of our klystrons, which are not operating anyway at the peak 
output power specified by the manufacturers, we have adopted a number of procedures at the start of this 
years machine run. These are shown in Figure 13. The focal currents have been set for that used in 
operation at 270kV. The actual power and voltage needed for that tube being then set as needed. This 
means accepting a Ioss of gain and efficiency in exchange for some operator flexibility over the long 
term. The klystron voltages can then be increased by the operators to compensate for a power reduction 
of that station without having to re-adjust focal currents, which is a delicate operation. With new 
klystrons the heater voltages are reduced from the nominal by about 10% to decrease slightly the cathode 
temperature. The life of the cathode is a normally a function of heater power, and the temperature limits 
within which the cathode can work safely depends on the emission density drawn from the cathode. With 
too Iow a heater power, sparking occurs at the cathode surface, whilst with too high a level the increased 
cathode emission causes evaporation of the barium and thorium in the oxide structure and a subsequent 
reducuon in tube lifetime. The Thomson cathodes are very insensitive to heater voltage variations, whilst 
the Valvo cathodes respond quite quickly.

Another method being used to try and increase Iifetime is to reduce by about 40% the klystron 
heater voltage when the LIL beam is not required for operation. Since this situation may Iast several 
hours, when the tube would previously have been completely heated,just waiting, and using up its useful 
Iife without providing acceleration power. This new state is called the economy mode. This also means 
that sufficient heating time must be allowed after putting the modulator into a ready- for- pulsing state 
(Standby), before the high voltage is applied. In our case this heating-up time is about 7 minutes.

Typical power curves for one our klystrons are shown in Figures 14 and 15. The Figure 14 shows 
operation with focal currents adapted to each level of the klystron voltage and output power. Figure 15 
shows how we are running ai present with the focal currents set for the highest klystron voltage we want 
to use and the applied voltage adjusted for the required output power. It is evident that more input drive is 
needed to obtain the same output power under saturated conditions for this mode of operation.

9) Modulator faults

Figure 16 shows the relationship between output power level (high voltage on the klystron) and 
faults in the various modulators for the 1990 running period. It also shows the results of the breakdown 
voluge iests using the Bauer iest procedure, performed on the insulating oil in the klystron high voltage 
tanks over the same penod. In Figure 17 the breakdown voluge test results for both 1990 and 1991 are 
shown. The differences are seen as being a result of improvements made to die condensation problem in 
the unks during the 1990/91 winter shutdown.The lower output power in the MDK03 position may also 
have had an effect on the oil quality, probably due to running at a much lower voluge. The changes in oil 
breakdown Strength as obuined in 1991 have been plotted in the third graph as a function ofklystron 
power. The have been normalised to the 70kV test level.
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10) Improvements

Some of the improvements that need to be made in the system are considered to be the following:

* An interlock memorisation System/programme that will enable intermittent faults to be 
captured and stored over a period of time.

* Computer logging of klystron and thyratron data to permit perveance values and Iifetime 
statistics to be easily available for decision taking when tubes may need to be changed.

* Improving control rack screening and eliminate spurious tripping due to electrical noise.

* Possibly more frequent changing of our old klystrons and thyratrons for new ones.

* A test facility that will enable off-line testing of all components before installation into the 
operational modulators.
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Table /: Prcscnt LIL Modulator Parametcrs

Accelerator Data: 
e+ production rate 
Total No. LIL-V sections 
Electron beam hitting target 
Electron beam energy

4.8
4 
3.0
220

1010 e*/sec

1011 
MeV

Klystron Data.
Klystron frequency 2998.5 MHz.
Klystron voltage 275 JcL

^ Klystrnn eurrent 
Microperveance

^afi_
2.0

_A_

- J,eflk ∩ntput- power 35.0 JflL-
- Peak input power 130 W
- Power gain 54 dB
- RF pulse width 4.5 U≡

Modulator Data.
Repetitjon rate IOO Hz

Thyratron anode voltage 42.0 kV
Thyratron anode current 
Pulse transformer ratio

3925
1: 13

A

Voltage pulse width 6.5 U≡

Nominal PFN impedance 5.0 ohms
Total PFN capacitance 0.625 UF
Peak charging current 7.7 A
PFN charging time 6.45 ms
Charging Inductance 7.44 H

f¼Ute 3

Modulator Power Profile
along the LL machine In 1990

£
?
8
5 
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MOXJLATOR POSrταβ

Modulator Power Profile
along the LL machine ι∩ 1991
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HDK 27 PARfiHETERS 1991^9-lB-12l82∣32

KLY BODY HfiTER IN TDT 21.1 oC 
KL BODY HflTER OUT TEM5 21.7 oC
KLY TflrtC TEWtRflTURE 38.9 oC

TWYR. RESERVE VXTflGE 
TWYR. RESERVE CURRENT 
TWYR. RESERVE POER 
TWYR. KEEP flLIVE VXT 
TWYR. KEEP flLIVE CUR

4.58 V
15.5 A
69.9 M
19.6 V

B CURRENT
C CURRENT

187.3
189.3
189.7

KLY HEflTER VULTflCE 
KLY ItflTER OKRENT 
KLY *ATDi POER

KLY FOCfiL.
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THYRATRQN SWITCHES I∖ MODULATOR CIRClJITS

D. C . Fiander, PS Division, CERN

7th October 1991
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PoStTtvE MtSMflTCH HAS THE ADVANTAGES oF:-

NOT ExTINGUISHING THE THYRATRON NtTH 

Pαtsε CuRftEtu*r. HENCE ^>° /Λzveftse √otτΛβc 

APPEAftS IMMEitATELV APTEft, FULL R>RWflftj> 

CoNiUCTloN.

λ. TMyAftTftoN CoNiueTtON IS PftoLoNGfi Sy 

A RfSotJflNCE OF THE PFN CAPACiToRS W∣Γh 
TME SlAS INiXtCTbft Awt> TftANSAaflMEA AlAGNCTezN^ 

INiueTANCE. THtS IS A LoW FftEtfuENcy H∣GH 
IMPEiflNCE RESoNflNee WlTM Low TUyflATAoN «

S. TNMEftSE VoLTAG-E &ULiS uP ON THf PFN

DuftJNG THE RESONflNCE. ΛT THyAflTftoN fxTb√CΠoN 

THtS XWEftSE VbLTAGE IS APPLtEi A⅛flott TWf 
THyftflTftoN.

^ TkyftATftOAJ RfcovEfty ∣s ASSUftEi 3γ THE Low 
FlNflL c^≤. ANi THE MoiEST ANi Q>N7AoAXθ * 

APPLieATtON oF ∕N√fASf VOLTflCE.

ς∙ Ño AiiiTioNAL etftCuιT CoMPoNENTX AflE AEtfutflei 

To SfttNG- AIouT THts FflxJouftAiLE StTuATtoN .

UJAftNlNQ

THE ASouE APPLiES To itoiE -T/ffl LoAbS o***-Y.

TESTiNG- w<TH UlATTft LOflbS MobtFtFs ^UNAflUouftABLy)

THyftATltoN AEcouefty.
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GSNERAL-ELECTRIC CGR MeV

Some history..

Started in 1955 as a CSF "High Fnergy Deparrmenr" , 

then Thomson-CSF "Departement Accélérateur" in 1967, the 

Sociery merged to Thomson-CGR group in 1972, under the 

name CGR MeV. 

The factory is located in Buc, near Paris, and today 

atrached ro General-Electric Company (merging in 1987).

Involved ar first in rarher low energy electron

accelerators, (5 MeV), CGR MeV was then involved in big 

Linear Accelerators for Physics (ENS Orsay, ALS Saclay), 

various medical linacs, and Cyclotron business.

Today, GE CGR MeV, with a sraff of 300 people, is 

involved in rhree fields : Medical, Industrial, and

Scientific Accelerators, delivered worldwide.



The higHy professional solution...

For more than 30 years, CGRMeV 
has been a world’s leading devel
oper of electron Unear accelerators for a 

wide range of appUcations. With more 
than 300 experts in disdpünes ranging 
firom research and development to 
marketing and manufacturing, we are 
ideafly positioned to meet your accele­
rator requirements.
We are centraUy Iocared near Paris, 
dose to the National Laboratories, 
State Universities, and Grandes EcoIes - 
one of the world’s leading centers for 
advanced engineering, research and 
development

Awealth of experience
Our track record is your best assurance 
of receiving the right solution for the 
ChaUenges fadng your organization. 
Recendy, for instance, we provided:

• ffiMintheUnitedStateswitha 
200 MeV injector for the Oxford 
Instruments compact synchrotron 
HeUos. This has been instaUed at the 
IBM wafer fabrication fadUty at East 
HshkiU, New York, USA.

FadUty in Grenoble, France, with a 
200 MeV pre4njector for the ESRF 
synchrotron.

• Maxwefl Laboratories, bιc., Brobeck 
Division with a 200 MeV injector for a 
synchrotron Ught source they are instaL 
Ung at the Center for Advanced 
Microstructures and Devices (CAMD) 
at Louisiana State University in Baton 
Rouge, USA.

• Synchrotrone Trieste, Italy, with a 
PXX) MeV injector for Elettra 
synchrotron.

ESRF, Grenobie, France, 
200MeV

200cetisresuit in 6 m lengtħ 
acceierating section



GENERAL-ELECTRIC CGR MeY

TYPICAL DESIGN AND REALIZATION
IN MEDICAL, INDUSTRIAL, AND SCIENTIFIC AREA.

1/. MEDJLGAL

SATURNE Modulator
τ ≡ 5 μsec
fr≡ 20Opps
Rftp = 2 to 6 MW
PRF(Ave)= 2 to 6 kW
RF tube : Klystron TH2074
Switch tube : Thyr. CX 1528

2/. INDUSTRIBL

CIRCE Modulator
τ - 15 μsec 
fr= 700 pps
P≈R z 5.5 MW
Ppp-(Ave) = 50 kW
RF tube : Klystron TH 2108
Switch tube : Thyr. CX 1536X 

or F 241 (ITT)

3/. SCIENTIEIC

ELETTRA Modulators (Trieste)

Shorr Long Pulse

τ (RF) = 
τ (Mod) = 
fr =
Vκ =
L< =
P^p- =
pRp∙ (Ave) =
RF tube -

1. 5
4.5
10
310
340
45

Klystron

11 μsec
16 μsec
10 pps
250 kV
250 kV
25 MW
3.5 kW

TH 2132 
CX 1536X

‘---------- - ÷ (e /z>Ar)
£h« rc^ ^>o- bl<. Γ
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Valvo-Philips high power klystrons

presented at Klystron Modulator Technical Meeting 
7./8.10.91 at CERN

by Dr. E.- Günter Schweppe
During the past 35 years, nuclear physics and high energy re­
search have stimulated the development of powerful and effi- 
Cientmicrowave sources. Particular the employment of high 
power pulse klystrons in large linear accelerators has contri­
buted to the progress of design concepts and the technology of 
klystrons.
Afterwards, the storage ring accelerator has been added for 
investigating still higer energy ranges. Its operation requi­
res large amounts of cw microwave power at UHF frequencies.

500 Mhz/800 kW Klystron YK 1304
The YK 1304 is a full beam controlled 800kW cw klystron for 
DESY/HERA. It operates at 75 kV with an air cooled gun /water 
cooled collector in vertical position with an efficiency of 
more than 60%.

508 Mhz/1000 kW Klystron YK 1303
The YK 1303 operates at 90 kV with 1000 kW cw output at TRI­
STAN ring /KEK. With an efficiency of more than 60% and its 
vapour cooled collector it delivers the highest cw power in 
this frequency range.

352 Mhz/1000 kW Klystron YK 1350
Due to the low height in LEP tunnel / CERN the YK 1350 opera­
tes in horizontal position, delivering 1000 kW cw output power 
at 90 kV to the accelerating cavities. According to the low 
frequency and low perveance its 67% efficiency is the highest 
of Philips klystron family.

224 Mhz/3 MW Klyston YK 1320
For the research of the higher ionosphere the EISCAT Ass (Eu­
ropean Ionosphere Scattering Experiment) at Kiruna (Sweden) 
has installed UHF and VHF high power transmitters at Tromsö 
(Norway). The YK 1320 is a long pulse klystron for lower fre­
quencies, delivering a pulse power of 3 MW, at a pulse width 
of 0.01 ... lms and a duty cycle of up to 12%. The beam vol­
tage amounts to 110 kV and efficiency being 55%.

2998.5 MHz/35 MW Pulse Klystron YK 1600
YK 1600 is a high gain high power pulse klystron designed for 
linear accelerator applications. It is equipped with five in­



tegral cavities, electromagnetic focusing, and water cooling 
for r.f. windows, collector and tube body. For handling the 
power of 35 MW, two parallel waveguide arms with r.f. windows 
are provided in order to reach high reliability and stability 
of the extremly loaded parts during operation, followed by a 
broadband power combiner. The klystron works at 270 kV/292 A 
to deliver 35 MW peak output power with an efficiency of 45 %.
XJHF - TV YK 1265/YK 1285 PDC Klystron
Though this type of klystron with its mechanically tuned outer 
cavities was designed for TV application in the 470 to 860 Mhz 
range, it also can work for an r.f. source delivering 60 kW cw 
power to small and medium synchrotron sources. In combination 
with a multi stage depressed collector one can save dc power 
and special modulators when modulating or pulsing the klystron 
at the r.f.input.

Klystron instabilities
Long standing experience in klystron operation have shown two 
different sources of instabilities still appearing.

1. Backstreaming electrons
In high efficient klystrons a slight mismatch of load can 
increase the gap voltage of the output cavity in such 
matter, that off phase electrons will be accelerated in 
opposite direction. This can lead to an increase in modu­
lating anode current, a noisy r.f. signal and at least to 
sideband oscillations.
To understand and analyze such a behavior the particle in 
cell simulation program FCI now plays a big role in 
Philips klystron development.

2. Barium evaporation
During Iiftime of a klystron the cathode will evaporate 
Ba into gun and body section with a function of cathode 
temperature. This may cause unwanted electron emission of 
wehnelt cylinder, increase multipactor in 1. and 2. cavi­
ty and lead to h.v. instabilities in gun section due to 
Ba-flakes which falls on h.v. electrodes. In order to get 
rid of such problems Philips works on low temperatur ca­
thodes such as Os/Ru and Scandat. Additionally a cathode 
pretreatment was investigated to evaporate the first Ba- 
cloud before mounting it to the tube.

Simulation of klystrons by FCI code
FCI-Field Charge Interaction code is a 2 1/2 dimensional par- 
ticle-in-cell simulation program dedicated to analyse and de­
sign high power klystron amplifiers. The code simulates the 
electron beam motion with cylindrical symmetry, by taking into 
account the space-charge fields, RF-cavity and external focu­
sing magnetic fields. The cavity voltages and the output power



are determined by solving the circuit equations selfconsis- 
tently.
Since the entrance of digital computers in the 60,th a lot of 
computer codes for simulation of particle movements forced by 
static electric and magnetic fields have been developed and 
presented (SLACTRAY∕EGUNz EBQ, INPz DEMEOSz TRACEz etc.).
Later on computer codes using disc models have been introduced 
to calculate the interaction behavior of linear beam tubes 
(DISKz JPDISKz etc.). But these codes were restricted to small 
signal simulationz because they did not take into account ra­
dial forces of space charge due to bunching effects. The la­
test developments in computer simulation for particle accele­
rators lead to particle-in-cell codes where the forces and 
movement of so called "superparticles” are calculated. With 
these codes a large signal simulation of high power klystrons 
is possible today.
Taking the 6 cavityz 1.1 MW PHILIPS YK 1303 klystron as an ex­
ample the power of the particle-in-cell code FCI developed by 
T.Shintake at KEK will be demonstrated.
The code∙s working area is restricted to the RF-Section of a 
klystron. This area and the mesh size is defind by MESH routi­
ne. The MAGNET routine calculates the two-dimensional focusing 
field from on-axis measured or calculated (Poissonz PE2D) da­
ta. The cavity fields inside the drift-tube regions are deter­
mined by CAVITY routine from data as fdrIve, gap position and 
sizez and harmonic number.
From beam voltage and currentz beam radius and slope (calcula­
ted by EGUN), drive frequency and powerz and cavity parameters 
R/Q, Qk and fθ (calculated by Superfish) BEAM routine MODE-I 
determine the beam admittances Yb seen by the cavities.
With these Yb as input parameters BEAM MODE-2 finally simulates 
the particle trajectories and calculates all cavity voltages 
and output power.
The program plots 4 "snap shots" of beam profile with time 
separation of one-quarter RF-cycles in which the bunching ef­
fect can be studied. From an energy distribution plot of the 
particles one can see the effect of backstreaming electrons 
caused by high gap voltage at the output cavity due to Ioad 
mismatch.
Some additional results in calculated output power of YK 1303 
with respect to input power and tuning of harmonic cavity com­
pared to measured values show good agreement.
CPU-time for executing CAVITY and BEAM MODE-2 routines takes 
about 1.5h on APOLLO 5500 work station.



Activities HEPT

Puls Klystrons Military customers, Research

Power Klystrons Research Appliation, CW only

TV-Klystrons UHF Transmitters, Extemal Cavities, 
Wideband

Transmitting-Tubes TV Transmitters

Gyrotrons Research, Fusion experiments

Circulators Communication Industry, Professional 
equipment

Philips Components

FWlUPS PHILIPS
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Philips GmbH
Röhren- und Halbleiterwerke

YK 1600 pulsed power klystron

Frequency (fixed tuned) 
RF pulse width 
RF output power

peak
average 

Gain 
Efficiency

2998.5 MHz
4.5 μs

35 MW
15.75 kW

52 dB
45 %

Features

- Double window
- extremly stable operation
- conservative design
- broαdbαnd design

Co. Hodf

R F 'System

U/ / n d O W

Com b iner

Oiide typf C.6A/cm^ t<± Sood

S internal cav!fie$ t broadba*d tuned

d0ub∣ewi*dowιVSWR<4.0>! ★ ISVHz

¿ >O adband VSWK ^ ^∙O^ 1 ^C∏Hz

Philips Components

PHlLiPS
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Pulse Klystrons for the Linear Accelerators of LEPZCERN

o∙mp∕ere,/ ∣nsta∣∣ec *∣ysrro∏ YK i600 ∣n LEPiCERN

In the prev∣ous cnapter ιpp. 12-13∣ the r: e :* o∣g Klys­
trons YK 1350 for the acceleration of pamc;es ∣n ιne 
LEP storage r∣ng has been Pescnbec ~^e new 35 MW 
pulse klystrons YK 1600 are of s∣m∣lar importance to the 
operation of the pre-∣njector ι∣nacs provc∣ng the elec­
trons and the oos∣trons to be accelerated and stored ∣n 
LEP. Both Imacs are arrangea ∣n ser∣es and contain ac­
celerating travelling wave structures oceratιve ∣n the 
S-band (2998.5 MHz). The first one (200 MeV) ∣s an 
electron Iinac serving for the production of pos∣trons. 
followed by the second Imac (600 MeV∣ for electron and 
for pos∣tron acceleration. The overall Iengtn of both 
Imacs is 100 m. The acceleration rate ∣s constant ano 
has a repetition frequency of 100 Hz. the duration of a 
beam pulse ∣s 12 ns.

These ι∣nacs are operational s∣nce l98~. .,.eι∣ before the 
comm∣ss∣on∣ng of LEP

HF output wave gu∣θe sect∣on and r Z power compmer of YK 1600

⅛PhilipsComponents



Our most advanced TV Klystron Family 
64kW 45/58 kW 27/32kW 11/16.5kW
YK 1265 YK1263 YK1233 YK1223
E-magnet
Water or Vapour cooled
Extremely high Efficiency
Very compact

11/16.5 kW
YK1270 
Air cooled

The klystron YK 1263 reso. YK 1265’) - to be see∩ on the 
photograpn. o∩ the right s∣de completely assembled ∣∩ ∣ts 
trolley - ∣s the most powerful tube r tne new range, w∣th 
an extremely high eff∣c∣e∩cy of 65-∙ f ABC sync, pulse 
switching is employed.

• Low-voltage beam modulation using me rugged 
ABC technique further improves effιoe^o√ 
(except YK 1270)

Features.
• S∣∩g∣e tube advantage: planning, operating anα pur­

chasing made easier and more eoonom∣caι

• A s∣∩g∣e klystron now covers 470 io 860 MHz 
(types YK 1263 and YK 1265 4"0 tc 8lO MHzi

• Des∣gn and operating flexibility - cncιoe of water, 
vapour condensation or vapour Coonng w∣rn eιther Iu 
(YK 1270 air cooled)

• Only non-beryllιum oxιde ceramics usec

• Small size, compact units - for Upgracmg ex∣st∣ng 
transmitters

• Continuously tunable cavιtιes by crank or knob

• H∣gh basic efficiency

The area needed for 64 kW. YK 1265 ∣s now
60 cm X 60 cm compared with 82 cm x 80 cm for 
YK 1195 (58 kW).

■| Klystron YK 1263/65. the collector sh∙cjθ has Oeen removed

? PhilipsComponents
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YK 1285 unit
60 kW, 5 stage depressed collector

PHILlPSi PHILIPS



-24kV

! 
g— ■ ■ l"'∙'"
i

Design-Structure 6OkW PDC Klystron YK 1285
¿>¿ ; Phil⅜ps Componente
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Gyrotrons for Plasma Research made by Valvo

1984 Valvo staπed a development exercise on an inno­
vative m∣crowave power tube. the gyrotron. According to 
the diagram on p 4. r.f. power Ievels of se,veral 100 kW 
∣n the '00 GHz frequency range can effectively be gen­
erated by gyrotrons

Valvo ∣s developing a gyrotron prototype operating at 
70 GHz with a Iong pulse output power in the range of 
200 kW. The gyrotron ∣s operated in the TE02 mode, the 
collector voltage oe∣ng 80 kV at full power. The extremely 

r.∙gn magnetic field for this tube w∣ll oe generated by a 
ne∙∣um cooled Superconductrng soieπo∣c magnet made by 
Oχ'ord Instruments.

H an advanced gyrotron des∣g∩ oooperat∣o° with KfK 
Karisruhe. Valvo ∣s responsible fcr tne tecnnp∣og∣cal aes∣gn 
a^d the manufacture of 140 GHz gyrotrons :n :ne 200 kW 
range. The tubes w∣ll be used ∣n tne next generation of 
aovanced H2 fusion experiments.

70 GHz gyrotron prototype Gyrótron under test.

^ Philips Components



Philips GmbH
Röhren- und Halbleiterwerke

V12SG

140 GHz gyrotron prototype

Development in cooperation with KFK

Preliminary data:

Frequency 140 GHz
Output power 120 kW
Pulse Iength ≤ 1s
Osciliation mode TE 03
Beam voltage 68 kV
Beam current 8 A
Anode voltage 24 kV
Heater voltage 7 V
Heater current 6 A

Features

- tunable double disc window
- modulating capability by anode voltage

installed at plasma experiment W7AS in IPP Garching

Philips Components

PHILIPS PHILIPS



Philips GmbH
Röhren- und Halbleiterwerke

Philips Components
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Phiiips GmbH
Röhren- und Halbleiterwerke

K I y s t ro n i n s ↑ a b i I i f ie $

ß a c k $ t τ e A m i n 9. e /ec f τo n s

n o t's γ $ ig n a /

Increase In mod. anode current

2. Ba. - evaporat∣on CHfetime prohtem^

— e/. emi$fto* of hof electrodes C ^/ehne/t)

~ increase /n ma∕t∙ρacfor C^∙ a*d ^i> &op)
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Klystron Simulation
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FCl-SimuIation
YK1303 at 508.6 MHz

e- P4÷C1 ISimulationI →÷- P5÷CI ISimuIationI 
±- Pout÷CI ISimuLl -∑- Pout-YK1303/13lExp.l

Fig. 5





Philips GmbH
Röhren- und Halbleiterwerke

Development main activities

60 kW TV PDC - klystron

- air / water cooling 
- coating

1.3 MW 352 Mhz power klystron CERN

- 100% beam controlled
- improved stability

Low temperature cathodes

- Os / Ru
- Scandat

Philips Components

PHlLlPSl PHILIPS



THOMSON TUBES ELECTRONIQUES

PS KLYSTRON MODULATOR TECHNICAL MEETING

OCTOBER 7TH AND 8TH 1991 - CERN

THOMSON HIGH PEAK POWER KLYSTRONS

G. FAILLON

Abstract : For several years THOMSON TUBES ELECTRONIQUES has been 
developing a new high peak power S-band klystron family. The 
peak power range spreads from 35 to 45 MW with typical 4.5 μsec 
pulse length. So the TH 2094, which equips several sockets 
of the LIL at CERN, is a good example of this type of klystron.

Because the reliability became a critical issue for operators 
of accelerator facilities, a strong and continuous deve­
lopment effort was performed and is continuing to increase 
the klystron Iifetime through technology improvement on 
built-in parts of the tube, such as cathodes, RF structure, 
windows, and also by taking care of external factors, like 
focusing, cooling, output matching and modulator interface.

For many years THOMSON has developed and manufactured high peak power 
klystrons for two types of applications :

- Radar and especially large instantaneous bandwidth transmitters

- Scientific and medical particle accelerators.

The characteristics of the tubes for these two types of applications are 
quite different. Nevertheless the powers are in the same range and after 
the choice of a modular technology many subassemblies have become 
identical, allowing a much better optimization.

The main features of these klystrons are the following :

Cavities with high coupling and R/Q values. This comes from the 
requirement of klystrons, with large bandwidths to have a high gain 
times bandwidth product. Therefore higher gains and efficiencies of 
the accelerator tubes can be achieved.

Mechanical frequency tuning system (5 to 7 %) and no parasitic mode 
in the harmonics bands.

hauguel - 18382



O THOMSON TUBES ELECTRONIQUES
2.

Mastery of the high voltage pulses in the modulators and in the 
electronguns, Inseveralrespects : design, manufacturing, processing.

Capabilities to extend the pulse lengths, still with the same 
technology.

Cooling especially of the collectors. The following examples can be 
given : TH 2108 (4 MW peak, 60 kW average), TH 2115 (2 MW, 150 kW, 
1.5 ms), TH 2103 (650 kW, 10 sec, 3.7 GHz). But the thermal behaviour 
of the output circuit (cavity, drift tube, window) is also well 
mastered.

Windows (conventional pill-box and thick windows).

Cathodes : the oxide cathodes were replaced 20 years ago by metallic 
emitters and THOMSON continuously improves there cathodes.

And in 1982 a new advance has been made under the pressure of the CERN 
(LIL). The power range is no more 15 to 25 MW but 35 to 45 MW.

At the same time the new radar transmitter characteristics followed the 
exact opposite direction : smaller peak powers and still greater 
Instantaneous bandwidths. Such performances are very severe : indeed on 
a klystron the bandwidth capability decreases when the peak power 
decreases, mainly because the cavities are Iess Ioaded by the beam 
resistance. On the other hand this difficulty has obliged THOMSON to 
develop or to improve computer codes, which have been immediately used 
tc develop the 35 MW LIL TH 2094 and a new family of particle accelerators 
klystrons.

Thanks to these codes - especially lD, but also 2D - we have been able 
to optimize the harmonics currents and the velocity dispersion and 
therefore the RF structure (drift tubes and cavities). Also with other 
codes, the electron trajectories are calculated taking into account the 
magnetic flux lines. And finally we continue to use improved thermal and 
mechanical codes.

Two of our transparencies show examples of Rieke diagrams which describe 
the klystron behaviour on matched and mismatched loads. Such diagrams 
approximately give an idea of the maximum admissible VSWR, and also the 
decrease of the efficiency with the Ioad impedance.

The TH 2094, which equips 3 sockets on the LIL, has the same modular 
technology as previously described and many parts and subassemblies are 
still used on other tubes. However it is Ionger just because of the 
higher voltage. The cathode is an impregnated S type cathode and from 
now on it will be coated in order to improve the Iifetime : the temperature 
of the cathode itself, but also of all the parts of the gun, becomes

hauguel - 18382



Q THOMSON TUBES ELECTRONIQUES
3.

lower. The unique window is the most important part of the tube and takes 
time to be carefully manufactured. We have improved this window in order 
to present 45 MW, 4.5 μs∕3 GHz and 2856 MHz tubes.
The external waveguide usually is under vacuum. The TH 2132 output power 
is also 45 MW peak, but the user requirement was for 2 arms. This tube 
is now under test with a pulse compressor device (CIDR) comparable to 
the one of the LIL, except that the expected power is greater.

We present in the following pages illustrations of the THOMSON technology 
and a table which describes the main characteristics of the THOMSON 
high peak power klystrons.

GF/DP-215/91-Oct. 91

hauguel - 1838Σ
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Q THOMSON TUBES ELECTRONIQUES

MULTI CAVITY KLYSTRON
CERN 8/10/91
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Figure 6 — Calculated Rieke diagram

• re 
Reflected electrons

c oe 
Oscillating electron

_______  77 = 7C
-——— n -- 65 %
—----------η = 60 %

KEY
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,χ FORSlOOEN OPERXTnC ZOME

X iCUlYMRA⅛sitNT OR ACCICEKTAL INCURSiCf.SAllO^ED)

Typtcal measured Rieke diagram
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Q THOMSON TUBES ELECTRONIQUES

OTH. CSF COMPUTED ELECTRONIC ErrlCIENCY 
⅛"ea = 0145 - 0.6 AND Qx = Qxopt

X 2D1/2 CALCULATlONS (SAME PARAMETERS)
• TH. CSF KLYSTRONS OVERALL EFFlCIENCY

1 - TH 2089, 352 MH∑, 1.3 MW CW
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Q THOMSON TUBES ELECTRONIQUES

Peak power 
À100MW

IC MW

1 MW

100 kW

1 GHz

Arcs 
(output)

Thermal 
Iimit

Short
pulses

A 
v¿¿

η = 45 %(short pulses)(μ s)
∣0V0^3z2=2x 10^6 
∕ea = βe d = 0.8 rad 
βee = 0.3 rad 
b/a = 0.5 

y5el = 1 rad 
P1 = 1 % V010 
TA — Tβ ≤ 300 oC

10 GHz

Frequencyjca,hode≤ ioA/cm2
*~ E = V√d ≤ 300 KV/cm

Power, frequency and computed Iimit diagrams 
(see hypotheses above) for klystron √u
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(horizontal slots)

Water flow

HYPERVAPOTRON 
GEOMETRY

Body collector

'/Z/Z/ZZZZ//ZZ

VAPOTRON 
GEOMETRY

No water flow

(vertical slots)

Eiectron trajectories

Upper pole piece

SCHEMATIC VIEW OF BEAM SPREADING 
IN A COLLECTOR AND OF THE COOLlNG 
SYSTEMS.
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Cooling flow

Cylindrical wg
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THOMSON HIGH POWER KLYSTRONS

TECHNICAL FEATURES AND RELIABILITY POLICY

G. FAILLON and Ph. GUIDEE

The operation of large scientific facilities, such as particle 
accelerators, controlled fusion machines, free electron Iasers 
or radiotelescopes requires not only very demanding technical 
performances, but also a level of fiability high enough to ensure 
that numerous research teams using the facility will be served 
in the conditions required by the experiments they are carrying 
out. Thus scientific applications are now taking into account the 
huge financial investment made in joint facilities and have to 
consider the profitability as it is obviously the case for 
industrial and medical applications.

This paper aims to show how the technical priorities in klystron 
design and manufacturing are supported by a continuous 
involvement in reliability analysis and efficient quality 
organization. A strong interaction between klystron manufacturer 
and user is necessary to obtain a quality improvement profitable 
to everybody.

TTE contribution to CERN Klystron Modulator technical meeting is 
divided in two parts :

- A technical survey of characteristics of high power 
klystrons for scientific applications, (presented by 
G. FAILLON).

- A presentation of the policy applied by TTE to 
improve the reliability of high power electron tubes 
in scientific facilities. (presented by Ph. GUIDEE).
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CERN - PS KLYSTRON MODULATOR TECHNICAL MEETING
October 7 - 8 /1991

RELIABILITY OF THOMSON TUBES ELECTRONIQUES HIGH POWER KLYSTRONS
PH. GUIDEE

When compared to TV broadcasting or telecommunications 
applications of high power electron tubes, scientific 
applications are generally characterized by a large diversity of 
types of klystrons operated in various conditions by customers 
spread worldwide in numerous laboratories.

Two opposite cases could be examined for constructive 
comparison :

1) - SLAC case, where klystrons are designed, manufactured 
and operated by the same entity ; also another fact is 
that there is a single type of klystrons produced in 
large quantities for SLC equipment.

2) - TTE case, which produces a lot of various klystron 
types, operated in various conditions by different 
people in worldwide spreead Iaboraties.

The attached tables summarize the situation and explain what are 
the tools used by TTE to support its quality policy, which has 
internal features, such as technical design and manufacturing 
organization, as well as external aspects, i.e collection of 
operational data and strong interaction between customer and 
supplier.
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CERN october 8, 1991

OUR SOLUTIONS
TO 

IMPROVE THE RELIABILITY

Modular design

Collection and analysis of operational data

Customer supplier interaction

Application of manufacturing procedures through QA plan
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SPECnrICATION

PULSE MODULATOR HYDROGEN THYRATRON

PS-235-380-00-R4

1.0 INTRODUCTION

The specified hydrogen thyτatron will be used as a switch tube in a Une type 
modulator.

The thyτatron will discharge a pulse forming network, charged to approxi­
mately 850 joules, through a pulse transformer which drives a multi-megawatt 
klystron. See GP-237-380-01 for simplified schematic.

2.0 SCOPE OF WORK

The subcontractor shall design, develop, fabricate, manufacture, test and de- 
liver hydrogen thyratrons in accordance with the foUowing specifications. All SLAC 
drawings provided for this specification sha∏ be of the latest revision.

3.0 ELECTRICAL SPECIFICATIONS

The thyτatron shall meet the following specifications:

3.1 Pulsed Drive Conditions

3.1.1 Peak Anode Forward Voltage 
[ib = 6300 Amps]

Epy 50 kV max

3.1.2 Critical DC Anode Voltage 
for conduction

10 kV min

3.1.3 Peak Reverse Voltage Epχ 5 kV or more

3.1.4 Anode Pulse Current 
[Epy = 48 kV]

ib 6500 A max

3.1.5 Anode Average Current h 7.0 A max

3.1.6 Anode RMS Current Ip 215 A max

3.1.7 Current Equivalent Square 
Pulse Duration

5.9 μsec min

3.1.8 Current Pulse Duration 
(at 70.7% height)

ip 5.3 μsec min

Dat.e: 3-7-89 2



3.1.9 Pulse Repetition Rate Prr 10 pps
180 pps

min
max

3.1.10 Anode Delay Time t^ 0.4 μsec max

3.1.11 Anode Delay Time Drift △f«¿ 0.02 μsec max

Anode Delay Time Drift is defined as the change in time between the rise of
the Control Grid pulse and the rise of current in the thyratron over an eight-hour
time.
3.1.12 AnodeDelayTimeJitter tj O.Olμsec max

Anode Delay Time Jitter is the pulse-to-puise variation in anode delay time.

3.1.13 Maximum number of faults 3 per 24 hours

Faults are defined as one of the following conditions occurring:

(a) The thyratron continues to conduct current after a pulse causing the loss
of pulses for the modulator.

(b) Conduction during the interpuke period without a proper Control Grid
trigger.

(c) Lack of conduction in the presence of a rated Control Grid pulse at rated
voltage.

3.2 Electrical Drive
3.2.1 Heater Voltage at 60 Hz 6.6 V RMS max
3.2.2 Heater Current 150 A RMS max

The subcontractor shall specify the heater voltage required for optimum Ufe.

3.2.3 Reservoir Voltage. a∪ 60 Hz 5.5 V RMS max
3.0 V RMS min

3.2.4 Reservoir Current 40 A RMS max

The subcontractor shaU recommend an initial reservoir voltage for every tube.
This specification shall be satisfied when the voltage is within ±5% of the recom­
mended value.
3.2.5 Thyratron Heating Time 15 minutes max

The cold start procedure and modulator interlocking shall insure that the heat­
ing time will apply to both the heater and reservoir.

Date: 3-7-89 3



3.2.6 Control Grid Bias
3.2.7 Control Grid Drive into 25Ω

O V
2kV max

The Control Grid drive pulse shall have a rise time measured between 10% and 
90% of not less than 0.2 μsec nor greater than 0.3 μsec. The duration of the pulse 
at the 70.7% level shaU be a maximum of 2.0 μsec.

3.2.8 Pretrigger Grid Voltage (open circuit) 250 V max
3.2.9 Pretrigger Grid Current (short circuit) 350 ma max

The pretrigger electrode (Keep-Alive) shall be driven from a DC supply which 
can satisfy the above requirements.

3.3 Life
3.3.1 Expected operating Ufe 10,000 hours
3.3.2 Guaranteed operating life 5,000 hours
3.3.3 Replacement Warranty 500 hours
3.3.4 Shelf Hfe 2 years

4.0 MECHANICAL

The thyratron shaU meet the following requirements:4.1 Workmanship
The thyratron shall be manufactured in a careful and workman like manner in 

accordance with good design and sound practice to assure that the unit meets the 
performance and life objective of this specification.

4.2 Mounting

4.2.1 The thyratron dimensions, mounting holes,leads and angular position of 
the Gradient Grid and Control Grid shall match the thyratron “Mounting Flange” 
drawing. The drawing labeled "MOUNTING FLANGE, THYKATRON TUBE, 50 MW 
MODULATOR” and numbered uPS-235-380-00, Size D” is included with this speci­
fication.

4.2.2 The thyratron leads shall be 10 inches minimum and 11 inches maximum 
in length.

4.2.3 The Keep-Alive lead must be terminated by a terminal lug having a full 
circle mounting hole for a No. 8 screw size. AU other leads for the heater and 
the reservoir must be terminated by a terminal lug having a full circle hole for a 
l/4-inch bolt size.
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4.2.4 The thyratron shall be mounted vertically with cathode down.

4.2.5 The structural condition and operating performance of the unit shall not be 
impaired by normal shock and vibration incidental to normal personnel handling.

4.2.6 Outside dimension of all cooling fins sha∏ be a maximum of 8-inches in 
diameter.

4.3 Cooling

4.3.1 The thyratron shall be forced air cooled from the bottom with a chimney 
(SLAC supplied) for directing air upward towards the anode.

4.3.2 Cooling air temperature OoC min
55βC max

4.3.3 Forced air available 500 CFM at 0.1-in. of water
4.3.4 Inlet air humidity 50% at 55βC min

80% at 250C max

4.3.5 Anode cooling fins may extend into the vertical air stream to a maximum 
diameter of eight inches.

4.4 Nameplate

4.4.1 Nameplate information shall be provided on all thyratrons by permanently 
soldering, cementing a separate nameplate, or stamping directly on non-removable 
parts of the tube.

4.4.2 The nameplate shaU contain the manufacturer’s name, manufacturer’s se­
rial number, and the manufacturer's catalog number (if any), also heater voltage, 
if other than 6.3 VAC, and the tested reservoir voltage “set point” for proper 
operation.

5.0 TESTING

Each thyratron shall be installed in a line type test modulator similar in func­
tion to the modulator shown in the simplified schematic GP-237-3S0-01.

5.1 Measurement Definitions

5.1.1 The Peak Anode Forward Voltage (Section 3.1.1) shall be measured using 
a calibrated voltage divider. The anode voltage will be read 1 μsec prior to the 
Control Grid pulse. The measurement will be taken with the thyratron running at 
the specified anode load current.

5.1.2 The Anode Pulse Current (Section 3.1.4) shall be measured using the 
Pearson Electronics model 4191 current monitor or equivalent. The measurement 
will be taken with the thyratron running at the specified anode voltage.

Date: 3-7-89 5



5.1.3 The Pulse Duration (Section 3.1.8) shall be measured at the 70.7% point 
of the anode current pulse, by using a Pearson EUctronics model 4191 current 
monitor or equivalent.

5.2 Subcontractor Tests

5.2.1 The subcontractor shall conduct routine factory tests on aU thyratrons 
necessary to insure that every tube shipped complies with aU of the specifications.

5.2.2 At a minimum the subcontractor shall test each tube for eight hours to the 
values specified in Section 3.1 with not more than one fault.

5.3 SLAC Acceptance Tests

SLAC shaU perform acceptance tests on aU thyratrons to insure compHance 
with this specification. SLAC reserves the right to reject any tube (without retest­
ing) which fails any of the SLAC ACCEPTANCE TEST requirements.

5.3.1 Each tube shall be held non-operated for 96 hours. This is to aUow any vac­
uum leaks or contamination that may occur after factory testing and conditioning 
to become apparent.

5.3.2 Each thyratron shaU be installed in a test modulator similar to the linac 
gallery modulators but operating into a pulse transformer with dummy load resis­
tors.

5.3.3 The heater and reservoir shall be adjusted to the manufacturer’s suggested 
values, and aUowed to warm up for a period not less than 15 minutes. 

/
5.3.4 The modulator shall be tumed on at 180 pps with a thyratron anode voltage 
of 20 kV. The resistance of the load shall be adjusted so as to produce the rated 
pulse condition of Section 3.1 when the supply voltage is increased.

5.3.5 The supply voltage shall be slowly increased to condition the thyratron 
until the rated pulse conditions are achieved. The thyτatron shaU be operated at 
rated pulse condition and 180 pps pulse rate for up to 24 hours. The thyratron 
shall have passed the 180 pps acceptance tests, if after 12 hours of operation the 
thyratron has failed not more than two times.

5.3.6 The thyratron turn on jitter shall be measured during the ISO pps operation 
by measuring the Control Grid pulse and comparing it in time with the Anode 
Current pulse. The jitter acceptance shall be passed if it is less than 0.01 μsec.

5.3.7 A “Snap-On" test shall be made as follows. When the tube has passed 
all previous and otherwise required tests and it is operating at 180 pps at 46 kV 
(Anode Voltage) the High Voltage will be turned off for a period of 10 minutes (-0)
+5 minutes). When the High Voltage is turned back on at 46 kV, there shan not 
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be more than one (1) High Voltage Over Current fault during the next 15 minutes 
of operation at rated load.

5.3.8 H the thyratron passed the 180 pps test, and the Snap-On test, the repetition 
rate shall be decreased to 60 pps. The thyratron will be operated at rated load 
conditions for a period of two hours, during which time there must not be more 
than two High Voltage Over Current faults. SLAC reserves the right to adjust the 
heater and/or the reservoir voltage by up to ±5% after which the thyratron should 
still meet all acceptance test specifications.

6.0 PREPARATION FOR DELIVERY

6.1 Preservation and Packaging

The tube shaU be adequately protected against damage during shipping by 
common carrier.

6.2 Marking for Shipment

AU exterior shipping containers shall be adequately and properly marked for 
identification. All packages shaU include the foUowing:

(a) Addressee

(b) Shipper

(c) University purchase order number and/or subcontract number.

(d) Tube model and serial number.

7.0 SPECIFICATION REVISION RECORD

7.1 RO - original

7.2 Rl - (no date, no information)

7.3 R2 - (no date)

(a) Added Table 1

(b) Upgraded operating Ievels in the text.

(c) Changed the simplified schematic from Rl to R2.

(d) Substituted drawing PF 23S-277-01-R2 Universal Thyratron Flange.

7.4 R3 - by R.R.H. released 2/1S/87
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(a) Added subsection 5.2.8 "Snap-Onn test.

(b) Changed the thyratron mounting flange to PS-235-380-00-R2 “Mount­
ing Flange Sheet 11" showing the angular position for the gradient and 
control grids.

7.5 R4 - by D.B.F. released March 1, 19S9

(a) General Revisions
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