RF for Linacs

Erk Jensen - CERN AB/RF

Outline
¢ RF Power Sources (solid state, tetrodes, klystrons, ...)
¢ RF Pulse Compression (principle, flat pulses, BOC)

* Accelerating Structures (Brillouin diagram, HOMs, beam
loading, SC accelerating structures, HDS)
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RF Power sources

Typical ranges (commercially available)
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CAS RF power transistors

Source Field Gat Gate Drain
Contact Oxide Oxide Metallization Contact

MOSFET (_;¥J¢§“T§$kgtjrw

VDMOS R S LDMOS

Vertical Doubly Diffused Lateral Doubly Diffused

gate drain
T shielding |

source

n+ substrate

drain source device
= center
www.essderc2002.deis.unibo.i’tESSDERC_web/Session_D18/D18_4.pdf I

E. Jensen, RF for Linacs



MRF151G

e

B FOR TWN NPUFIER -

i\




Pr=rttl
' ' y l-tl';

http://accelconf.web.cern.ch/AccelConf/e04/PAPERS/THPKF031.PDF E. Jensen, RF for Linacs



Tetrode

control screen
grid grid
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cathode anode (plate)

potential Uz

4CX250B

(Eimac/CPI),
< 500 MHz, 600 W
(Anode removed)

RS 1084 CJ (ex Siemens, now Thales),
< 30 MHz, 75 kW

YL1520 (ex Philips, now Richardson),

< 260 MHz, 25 kW
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Tetrode operation (e

CONSTANT CURRENT CHARACTERISTICS
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Va (kV)

AB: small DC bias current, n =50 ... 60 %
B: 0 bias current, halfwave, n <78 %
C: current only with large modulation, n =90 %
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A: large DC bias current, n < 50 % <
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CERN Linac3: 100 MHz, 350 kW
50 kW Driver: TH345, Final: RS 2054 SK

CERN PS: 13-20 MHz, 30 kW
Driver: solid state 400 W, Final: RS 1084 CJSC

T DS "




Klystron principle
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Klystrons

CERN CTF3 (LIL):
3 GHz, 45 MW,
4.5 us, 50 Hz, n 45 %

CERN LHC:
400 MHz, 300 kw,
CW, 162 %




Klystron
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RF Pulse Compression
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Flat output pulses

Standard “SLED"

Pulse
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BOC

2.99848 GHz,
S11: -12.9 dB

Electric field, logarithmic scale

Magnetic field
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CTF3 Drive Beam Accelerator

SICA" structure 31" disc
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LCAS Travelling wave structure

s

Input coupler shown: Re {Poynting vector}
(power density)

Output coupler

4-cell travelling wave structure
# of geometry shown
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30 GHz structure (CLIC)




Higher order modes

(HOM) speed of light line, .-~
/

w=kl/c

- N
e Stop band or band gap
synchronous
i interaction
T 27

k d = phase advance per cell
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Brillouin
Diagram
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Brillouin diagram

12 Brillouin diagram TM,, modes
iris variation (parameter a):
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Brillouin diagram dipole modes
iris variation (parameter a):

blue solid: 1st cell (17 mm)

red dashed: 32nd cell (13.3 mm)
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"Choke mode cavity “ Q)

Microwave Absorber Water Vessel
SIC Ring Cooling Water
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)

TDS: Tapered Damped Structure Y

accelerating mode: cut-off in waveguide
shown | £], color coding logarithmic

SiC load

Dipole mode: Poynting vector towards SiC load
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HOM damping at work 7

FRAME : 1 01/06/00 - 17:06:38 VERSION[V4.024] SI1CA32.DRD
MAFTA rensverse wae for s cons i B
OffseT 10 mml 6 25 mm XFggMEgEI-EI:ITE(-)‘;-\;VA‘lngioigzglAL IN V [INDIRECT CALC.]
OP-:4024 .
3 GHz SICA structure: Transverse wake suppression

#1DGRAPH

W, [V/pC] |
] SICA structure

4.00
ORDINATE : WAKET 1 X
gt
SO MEL 2,00 A
o
l J i mm 1L
AU lmv A hoddd MY ‘q“ ‘

TRASE OF wakeTl = |0 .000E+00

REFERENCE COORDINATE: |S
VARY MESHLINE

" 2008 -2.00 BRI e IBEE RIRIBIR
1l ‘ ‘ ‘ ‘ H H h‘ ‘ ‘d | L‘ | ‘\ J ‘J | H “ H H
* ‘UU‘JUjJ u SRN
-4_.00
undamped structure
—6.00
0.000E+00  0.500 1.00 1.50 2.00 2.50 S[m]

E. Jensen, RF for Linacs




E SICA 3 GHz structures 7

e

lined up waiting for installation mounted on the girder in CTF3
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Beam Loading

Beam current 3.5 A Input power 30 MW  Output power 1 MW n 9247%
Acceleration 7.9 MV Beam power gain 27.7 MW  Ohmic loss 1.52 MW
forward power [MW] local gradient [MV/m]
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Beam loading compensation
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L.V. Syrachev, T.Higo:

“Numerical investigation of transient
beam loading compensation in JLC
X-band main linac”, KEK Report 96-8
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Superconducting RF

SUPERCONDUCTING CAVITY WITH ITS CRYOSTAT
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SC cavities for small p &N

115 MHz split-ring cavity, 172.5 MHz £ = 0.19 "lollipop” cavity
57.5 MHz cavities:

B=0.06 QWR
(quarter wave resonator)
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B=0.03 fork cavity

345 MHz £ = 0.4 spoke cavity

S =0.021 fork cavity
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Surface field breakdown

limits
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CLIC HDS structure 7

30 GHz, phase advance per cell: 70°,
Cell length: 1.94 mm,

Smallest iris diameter: 3 mm,
accelerating gradient 150 MV/m,
Max surface field 380 MV/m,

max. AT 56 K,

Optimized for Mo iris, Cqu cav1t1es

!
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E[V/m] Hlism]
Z.2000e+000 = 3. 5000e-003
2.0000e4000 - 3.2500e-003
1.8000e+000 3.0000e-003
1. 6000e4+000 2.7500e-003
1. 4000e+000 2. 5000e-003
1. 2000e+000 2.2500e-003
1.0000e4000 - 2.0000e-003
G.0000e-001 - 1.7500e-003
&.0000e-001 - 1.5000e-003
4, 0000e-001 - 1.2500e-003
2.0000e-001 - 1.0000e-003
0. 0000e4+000 5 7.5000e-004

= S.0000e-004

2.5000e-004

3 = 0. 0000e+000
[

Field distribution in the optimized HDS cell geometry. The contour optimization is done to prevent hot spots.
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