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¢ RF Components

-SLED
- Waveguide
- Accelerating Structure

¢ RF Measurements
- Power (forward,reverse)
- SWR
- Coupling

¢ 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 |oads) 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
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| Klystron

Coll ector

Klystron/SLED Unit WG Coupler at the output of the klystron
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Output power
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SLED Operation

Incident Wave

Reflection Wave
Incident Wave

Reflection Wave

AVAVAVAY; -

Propagated Wave




Power




Advanced Photon Source
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L2: Drive
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Linac trigger timing schematic
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Effect on Klystron output phase : Modulator trig delayed by 0.4 ns at thetail ~ 30 nsec
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Pin = Pout s PC - -

Pln =k Ein2
Pout =k (Ee+GEin)2
Coupling Coeff. b = it
Pc(diss)
2
> - kE.
b
U, =Qp = QkE
W W b
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U, _ 2kQ, . dE,

e

dt wbh  ° dt

Att=0,U, =0
\ E,.=0
To account for p phase shift, set G=-1
E%n = (E, - Ein)2 +iEe2 + 2Q, E. dE.
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51
Emax = Eout (t :tl) —=a (1' € TC)+1
Typical numbers
_2b _10

a =—=1.66
1+b 6
Q, = R0 :105 b Q, =16667
L 1+b 6 -

t,»3.59MSeC, Kiystron Pulse Width TC:1.86msec, T,=0.82msec

t,=2.68 msec
E.. »2.3

PUE?Z, »5.3
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Rectangular Waveguide

Cut-off frequency:

f. = =1.875 GHz
16cm 19
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Guide Wavelength:
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Waveguide Propagation Modes y

TE - Transverse Electric Field

b °real b propagating mode
b © imaginary b evanescent mod e
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RF Components.

» Power dividers are 4-port hybrids of various coupling
(I. E. a3-dB hybrid splits the input power in half)

Matched L oad Output Power, P, ,=1/2P,
<= N ~ numml>- nummmp>
N /

e 4 N
Nl | - / N ) —

Input Power, P, Aperture Coupling  Output Power, P, =1/2P,_
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RF Components.

Couplers Window
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2 Power:
10 log —dB 10 dB
P2 20 dB
vV 30 dB
20 log —1-dB o
Y, Valtage:
2 10 dB
P 20 dB
10 log 7 \/1\/ dBm 30 dB
m 40 dB
1 mwW 0dBm
1W 30 dBm

100 W 50 dBm
1 kW 60 dBm
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Forward Coupling N Coupling, forward

-20dB

0.01 mW
-

Source  (V I
0dBm >
1 mwW -0.046 dBm
0.99 mW
: - I:)forward
Coupling Factor (dB) = - 10log

incident
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Directional Coupler Isolation

Coupling, reverse A

-50 dBm :

0.00001 mW (10 nW) : :

Source B

."'. >
(1) dE\S/:/“ 10.046 dBm
. 0.99 mW
. Preverse
|solation Factor (dB) = - 10log

P

incident
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Directional Coupler Directivity
COUpI I ng |:aCtor(fwd) , L OSS(througharm)

Directivity = solation
reverse)

Directivity (dB) =Isolation(dB) - CouplingFactor(db)- Loss(dB)

Directivity =50 dB - 20dB = 30 dB
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