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LHC Klystrons

® 20 Ordered: 16 plus 4 spares

® Some Features
— Modulating Anode to vary beam current
— Air cooled gun (not oil as LEP klystrons)
— Filament and cathode at High Voltage
— Operating HV levels 46, 50 & 54 kV
— lon pump —> 8l/sec
— Crossbar transition to waveguide

® Characteristics
— Operating frequency 400 MHz
— Power rating 300 kW
- VSWR<1.2
— Group delay < 250 nS
— Mod Anode current < 2.5 mA
— Gain 37 dB
— 2 & 3 harmonic output power better than 30 dB down on fundamental
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Horizontal to Vertical Positioning
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Structure
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Mod Anode Connection
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441 Elxirical perameisrs

{1 dH below saturated Ootp)

Rated cutptit povar IO EW
Opocating fraquency (f,) 4008 MHz.
-14B Bandwidth (Opecation 1dB below Sammied Cutpo:
ut each Working Poiot, see Table 3. =1 MH:
G Pervesnce (pg = LU @ Um0 kY and L=5A L5106 (A Y™
=D 10'
Load VSWR @ ay RF Phase 512
Beam valwge: (U, ) & Ruird Outpos Power S EV
Besn Curcent (1) & Rated Ootpat Power . LHA
Cothode-to-3dod. Acode Voltage (TE) 8 Bated Output Power SA5kV
] (me= 443 1)
Minhsintion Anods Cwrrent {1, } & Raied Ouipat Power S+Z5mA
Satwrated Gxin 9 all Working Poixts =¥ aB
Grop Delny within freqoeacy g £+ 0,25 MEz mnd
opexatiaad 1 4B below senreied Oatpot (All Waridng Porot) <2150 na
DCAo-RF Conversion Bificioncien & Saorated Outyot Power Ser Tabie 3
and Load YSWR £ 1.1
RF Test Powx (o be geneiated for af Least 1 hour doring accepiwnee 330 kW
tents)
Erem Volage & RF Toxt Power <SR KV
Beamn Comend @ BF Test Power £10A
Harmonic Content In Ootput Signal {messnred @ ratod ootput power
and im outpot termination conststing of & wavegnide Joad with & netom
Joxs of < -2 dB mt all poaskhie propagmting modes i the freqmeancy
range 400 Lo 1200MHz
& Ind Harmonls < -XHB
# 3ol Hermonic 2 -30dB
Slpnal Ratio of fuadamedial to nther diacrete freqmencies within
bandwidih snd < B tr- 100%% of ssoraied Output Power (8] winking > 0B
puints)
RF Phase Variztion over Beam Cumrent & constant Beam Veltage and | 5 157974
RF Drive Sigual
RFMo*_mBumantap?M & constant Beam Corment and
RF Drive Signal £ 10°%

Specified Parameters (1)



Specified Parameters (2)

conductivity < SpSicm
Nominal Water Temperahire 25x2°C
Cooling Water Connectors:
Caollector SANDVIK,
Type 48.3 x 2.6, 3161,
Body WALTHER Onick
Connector Type DN12
Cooling Water Flows:
Collector £ 500 1/min
Body = 12 Vmin
Cooling Water Pressure Drops:
Collector % 3 bars
Body ' <3 bars
Test Pressure of Water Circuits 10 bars
.| Cooling of Output Window, HV Tank and Focusing Coils Air cooled
{conoections, pressures and flows to be specified by memmfacturer)
Air Flow and Pressunc Dirop:
HYV Ingulation Box £ 1500 J/min,
£ 20 mbars
Ouiput Window < 1000 1/roim,
< 60 mbars
Toble 2
Working U Iy Beamperv. PDC Satummtion Pout gat,
Pomnt (&V) (A) (pAv-1.5 (kW) efficiency | (kW cw)
| d6 T 0.71 axn 20462 = 200
o 50 B 0.72 400 20.63 =250
m 54 9 Q.72 4386 =0.62 =300




RF Qutpet Power over Beam Voliage Yardadon & constant Boam
Cuorrent and RF Dinive Sighal

[l 4B delow saturated Cutputh < 3.1 dBIR: 1¥i1
Endy Drstipation {under ail pussible oprtattog conditions) < IO EW S peCIerd Paramete rs (3)
fsee 443 17)
Cantimvous Colbector Dissipation Capabiliry
{wih or without KE Ditive) = M KW
Cuthiede Heater:
¥nltage = A Vac
Clarrent =30 Aac
{see 443 23
lons Pump YWollage =5kV
(Hee 443 33

RF Radiabion from any Sudwe @ Test Power

= (L1 mWwiem?

Mupnetic Field | m from Elystron AXis

=05mT

D Test Voltages {Lold cathoda):

CuthodesModulation Ancde 1o Ground

= TOXV for lﬁmin_

Cathode o Modularion Anode

3 &0 kW for 15 mun

442  ieneral parameters

Trunsport and cpending pusitions

foreeonbl und verticgl

Mok o overall diownsions of complels assembly

see 4.4.9 4y

Suppurl for horeonla] and verbcat klvson posilion

see 4.4.3 %)

Tipping Device

see 4.4.3 6)

Maximum X-rachiztion st any klysiron seefsce

£ uSvih

wee 2.4.3 T

._HEFMHEETEJEE far cathode, heater and modulation apcde

see 4.4.3 Ky

RF Input Connector

Type b, SMHE, female

RF cutput comtiecior

Half-height WE 2300
flange
see 443 9

[on Mmp Conngelor

LEMD, Type
ERA.35.4 5 TFA

Frowsing Coil Conmector

| BOCAPEX, Type

SL/EM 22T

Dermineralized Water,




Mod Anode Characteristic
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Some Explanations: 1
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Some Explanations: 2

Effccieacy ( empirical)
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Some Explanations: 3
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Measurements on LEP Klystrons (1)
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Measurements on LEP Klystrons (2)
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RF output Power & Phase vs. DC Voltage — LEP Klystron
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RF Phase vs. DC Voltage — LHC Klystron

TH2167
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Mod Anode Characteristic
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RF output Power, Phase & Efficiency vs Beam Current — LEP Klystron
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RF Phase vs. Beam Current — LHC Klystron
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RF Output Power & Phase Vs. Input Power — LEP Klystron
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RF Output Power & Phase vs. Input Power — LEP Klystron
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RF Output Power & Phase vs. Input Power, Various I, — LEP Klystron
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RF Output Power vs. Input Power, Various DC Voltage/l,, — LHC Klystron
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Group Delay vs. Frequency — LHC Klystron
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Group Delay vs. Frequency — Drive Amplifier

Group delay of the Helmut-Bohn amplifier

oroup delay (ns)

20E+8 2. 4E+8 2 8E+8 3.2E+8 3 BE+8 40E+8 4 AE+E 4 HE+8

f (MHz)
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