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Solid-state
amplifier

Power combination components

Frequency: 352 MHz

Output power: 180 kW ;
726 x315 modules in 4 towers. = |
2 x Si LDMOS transistors per modu [

8x5kw  8x650W
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Travelling
wave

device

rﬂ-t}rpe (ordinary
type) device

o N

(_M-type {magru:ﬁc\ Gyrotrons
type) devices

TWT
(Travelling

wave tubes)

TWT-M (Travelling
wave tubes - magnetic), Gyro-TWT

Am pl ifrons

Resonant

devices

Klystrons, [OT

(Inductive output

tubes)
o

B

—
el

Magnetrons Gyroklystrons

Crossed-Field




Magnétron Klystron TWT Gyrotron
CW 1.5-2.5 0.5-40 3-40 30-300
Frequency Features of
range (GHz) Pulse 15-25 0.5-50 3--40 30-300 k|y3tron S
CW 0.005@ 3 1@3 0.006 @ 3 0.2@ 30
Power level
(MW@GHz) Pulse 4@ 3 80@ 3 0.5 @3 1@ 30

Phase Stabilit CWwW Good Excellent Good Poor ngh peak nggt:tr)?ﬁ:zltUde’
ase STAbIity Pulse Poor Excellent Good Poor power v /
Amplitude CW Good Excellent Good Fair ‘
Stability Pulse Poor Excellent Good Fair //

: CW Good Excellent Good Poor High phase Medium
Noise level e .
Pulse Poor Excellent Good Poor stabil ity effi ciency
CW Industrial App  Space Tele Communication Plasma Heating
Major '
: Pulse (Short) Radar FEITEE Radar Radar

Application Accelerator

Pulse (Long) Plasma Heating Plasma Heating Radar Plasma Heating

Tube Structure Simple Complex Medium Complex




INTRODUCTION (MICROWAVE VACUUM TUBE )
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Collector
Interaction Structure
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INTRODUCTION (KLYSTRON)
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KLYSTRON

RF i“p“? focusing coil é:-—\\\\ RF output

illx put window * output window
glectron gun drift tube collector

D =

T T

ediate cavity output cavity

@ Early particle

O Reference particle
@ Late particle

>

H t :
(t- o) (t+ o)




KLYSTRON

RF output

input windo output window

electron gun
collector

input cavity  intermediate cavity output cavity



How dose klystron work?

Tl
™

Plottype Energy

Sample { G55/581)
Time L .854e+8081 ns

Particles 792712
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How dose klystron work?

Flottype Energy

sample { 2/501)
Time C.881e+881 ns
Particles 793125 . - 1.41e+005 el
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How dose klystron work?

FRF I A A . T T T

= WM o= A X A
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History of Klystron:

1GW

SLAC KLYSTRON (NLC) T2
—_(SCALED FROM X-BAND) Z—
3 i

DESY KLYSTRON (SLAC)/K

100 MW £
.
—— MKl e ML
KLYSTRON Y/  KLYSTRON
———(STANFORD)—© (SLAC) ]

VA7
“KLYSTRON™
(VARIAN) ©

1MW Wi

yd
7

/

1950 1970 1990

1940 1960 1980 2000
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chart of the Electromagnetic Spectrum
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KLYSTRON (AREAS OF KLYSTRON’S APPLICATION)

Klystrons required: 1176

1 588 klystrons, 20 MW, 148 ps

Drive beam complex
drive beam accelerator .
2.4 GeV, 1.0 GHz drive beam accelerator

2.5km
delay loop b- CR2 -4 delay loop 73 m

& 140 m
decelerators, 25 sectors @ @ @9 m  decelerators, each 878 m

N N -

BC2
\\\' 3.1km /:/
A e~ main linac, 12 GHz, 72/100 MV/m P ' e* main linac, 22 km

TA radius 300 m

3\ [

\/ Main linac length 50.1 km

booster linac

2.86t0 9 GeV Main beam complex

combiner ring
turnaround

damping ring
predamping ring
bunch compressor
beam delivery system
interaction point e~ injector et injector
dump 2.86 GeV




71=085-0.2xP
P=1/V>

Low Current _

Klystron

High power and
efficiency

\_ \_

Low perveance
High voltage




MULTI-BEAM KLYSTRON
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Features of Multi-Beam KI

Higher power and efficiency

Life time increasing

Reduction of focusing magnet’s volume and weight

IoV2
N eonbzng/zw/Vo

Bb=

Bboc\/l_o ‘




Features of Multi-Beam Klystrons (MBKSs

Higher power and efficiency

2)

3)
4)
P =V = VZ-S% — V25K AP = 2.5KV1>AV
wlL
@ = wt + Qg = - + Qo
—wlL 1 AV
A =
c (yr+D@r2-1DV2V
A AV AE
(0@ =
YTy T E




Comparison between single and multiple beam Klystron:

Parameters Single beam Multi-beam
klystron klystron

Efficiency
Peak power
Stability
Bandwidth
Lifetime
Size
Cooling
Structure complex
High voltage

Lower
Lower
Lower
Lower
Lower
Bigger
Higher
Lower
Higher

Higher
Higher
Higher
Higher

Higher

Smaller

Lower
Higher
Lower

21







KLYSTRON EQUIVALENT CIRCUIT
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KLYSTRON EQUIVALENT CIRCUIT

>

Iy
Voutr =

G, + G.(1+Q (w% = %))

b GLVoue _ G lp
out 2 2(Gy, + G,)?




KLYSTRON EQUIVALENT CIRCUIT

p _GVou _ Gl
out 2 2(GL + G,)?

o G\ (Gs + G \° (1)
P 2(G, + G.)? +
Gaings = 10l0g(-2%%) = 1010 ALt C)) 101°g<<—L>< ) ) <_b> )

in GCI.S? GC GL + GC IS

RF input

buncher cavity







