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Outline

Part II:

u RF Components

     - SLED
     - Waveguide
     - Accelerating Structure

u RF Measurements

    - Power (forward,reverse)

    - SWR

    - Coupling

u Some Examples
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RF Components:

• Driver amplifier to power klystron

• Klystron is used to generate high peak power ( A small accelerator)

• Need to transport power to the accelerating structure

• Waveguide is used (under vacuum) to propagate and guide
   electromagnetic fields

• Windows (dielectric material, low loss ceramic) are used to isolate
   sections of the waveguide

• Termination loads (water loads) are used to provide proper rf match
   and to absorb wasted power

• Power splitters are used to divide power in different branches of the
   waveguide run



4

Advanced Photon SourceAdvanced Photon Source

Klystron/SLED Unit WG Coupler at the output of the klystron

SLED Housing

Klystron
Collector

56dB coupler
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SLED UNIT

High Q storage cavities

 TM015   Mode

3dB hybrid

Input power

Output power
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TE015

Cylindrical
Storage
Cavity

Input power

Output power

    3 dB

   Hybrid

SLED
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SLED Operation
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SLED
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µs 9   8   7   6   5   4   3   2   1  
−0+

L1:         Drive

       Modulator
L2:         Drive

       Modulator
L3:         Drive

       Modulator
L4:         Drive

       Modulator
L5:         Drive

       Modulator

Linac trigger timing schematic

SLED-5
-0.600

SLED-4
-0.485

SLED-2
-0.720

GUN
TRIGGER

M.Cho/00-5-17

-5.864

-6.866

-3.900

-6.700

-6.700

-2.030/1.05

-8.000/8.10

-1.100/1.50

-8.000/8.10

-8.000/8.10
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Drive power

Klystron output power

SLED output power

Klystron beam
voltage

L1

L5

L2 L3

L4
M. Cho 00515



12

Advanced Photon SourceAdvanced Photon Source

M. Cho 00519

~ 46 kV ~ 2.6  kV

~ 1.4 kV
~ 2.3 kV

2 µµs

1.1 µµs

L2-Klystron 

L1-Klystron L1-Klystron 

L2-Klystron 
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M. Cho 00518

♦♦ Effect on Klystron output phase : Modulator trig delayed by 0.4 µµs 

* L1 Klystron beam voltage (Vb) set at -270 kV (was  -254 kV)

Gate width jittering
at the tail ~ 30 nsec

∆∆Vb ~ 2.4 kV

∆∆Vφφ ~ 70 mV ~ 13O

∆∆Vφφ ~ 58 mV ~ 10O

∆∆Vb ~ 1.3 kV

RFG Kicker
trigger region

<before  adjust> <after  adjust>
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Rectangular Waveguide
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 A

B

 C D

Top View

Side View

End View

Voltage Traveling Wave
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Guide Wavelength:
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Waveguide Propagation Modes

TE - Transverse Electric Field

TM - Transverse Magnetic Field
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RF Components:
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RF Components:

• Power dividers are 4-port hybrids of various coupling
  (I. E. a 3-dB hybrid splits the input power in half)

Input Power, Pin

Matched Load

Aperture Coupling

Output Power,        =1/2Pin Pout

Output Power,        =1/2Pin Pout
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RF Components:

Couplers Window

Load
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dBm
mW

P

dB
V

V

dB
P

P

1
log10

log20

log10

1

2

1

2

1
Power:

10 dB            10

20 dB            100

30 dB            1000

40 dB            10,000

Voltage:

10 dB            3

20 dB            10

30 dB            31

40 dB            100

1 mW            0 dBm

1 W             30 dBm

100 W         50 dBm

1 kW           60 dBm
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Forward Coupling Coupling, forward

-20 dB
0.01 mW

-0.046 dBm

0.99 mW

Coupling Factor (dB) =
incident

forward

P

P
log10−

 Zo
Source

0 dBm
1 mW
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 Zo
Source

0 dBm
1 mW

-0.046 dBm

0.99 mW

Coupling, reverse
-50 dBm
0.00001 mW (10 nW)

incident

reverse

P

P
log10−Isolation Factor (dB) =

Directional Coupler Isolation
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Directional Coupler Directivity

(dB) Loss-Factor(db) Coupling-dB)Isolation(  (dB)y Directivit

Isolation

LossFactor Coupling
 y Directivit

(reverse)

arm)(through (fwd)

=

×
=

50 dB 20 dB

Directivity = 50 dB - 20 dB = 30 dB


