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The data are obtained by Simcon FPGA board

Study condition at FLASH
The data are obtained by Simcon FPGA board.
Clock frequency of ADC is 40 MHz.
IF frequency is 250 kHz.
DAC clock is 1 MHz.

at FB gain of 100, feedback drives additional 13%rf power.at FB gain of 100, feedback drives additional 13%rf power.
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LLRF Control System for SC cavityLLRF Control System for SC cavity
based on parameters identification

-------------------------------------------------------------
Experimental results for ACC1 module

based on parameters identification
-------------------------------------------------------------

Experimental results for ACC1 moduleExperimental results for  ACC1 module 
driven with the SIMCON board
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Adaptive Feed Forward – 1_st step
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Single cavity driving:
Feed Forward and Feedback mode (gain=100)
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Feed Forward and Feedback mode( gain=100)
zoomed flattop area
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Driver current is 13~15mA, which corresponds to  (15^2-14^2)/15^2*100=12.8%

2

4

6

8

x 1 0 , y y [ ]

C o ntro lle r
K lys tro n
C a vity

1 5 0

2 0 0

2 5 0

3 0 0

3 5 0
y g [ ]

ha lf-b a nd w id th =  2 2 8  H z

-6

-4

-2

0

1 0 0

-5 0

0

5 0

1 0 0

2 0 -o rd e r a p p ro x.

6 0 0 8 0 0 1 0 0 0 1 2 0 0
t im e [10 -6  s ]

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0
-1 0 0

t im e [10 -6  s ]



Feed Forward and Feedback mode ( gain=200)

C it t t l [MV] C t ll t t [ A]

15

20

25
Cavity output envelope [MV]

I
Q
Abs

10

15

20

25
Controller output [mA]

I
Q
Abs

0

5

10

-10

-5

0

5

0 500 1000 1500 2000
-5

time [10-6 s ]
0 500 1000 1500 2000

-15

time [10-6 s ]

Phase of controller, klystron and cavity [rad]
300

Cavity detuning [Hz]

0

0.2

0.4

100

150

200

250

300

half-bandwidth = 228 Hz

-0 8

-0.6

-0.4

-0.2

Controller
K lystron
Cavity

-150

-100

-50

0

50
20-order approx.

0 500 1000 1500 2000
-0.8

time [10-6 s ]
0 500 1000 1500 2000

-150

time [10-6 s ]



Feed Forward and Feedback mode ( gain=200)
zoomed flattop area
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Operation condition

STF-0.5 operational experience
Operation condition

Vacc=18 MV/m
with feedback (Proportional gain~35)
Ql~1.7e6 (x~2 overcoupling)  (-> lower detuning effect)
40 MHz ADC, DAC
90 pulses (18 sec.) data90 pulses (18 sec.) data
without beam

Both klystron output and cavity gradient were monitored in 
digital systemdigital system.

Cavity gradient is quite stable (<0.1%rms) 
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Operational condition

Klystron output

cavity
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Klystron power fluctuation for FB
(for short period)(for short period)

Pulse to pulse additional klystron power for feedback: +/ 5%

Klystron power for feedback during pulse:~6.5%

Pulse-to-pulse additional klystron power for feedback:~+/-5%
(this partly includes microphonics and modulator ripple compensation.)

y p g p
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Around 12% of overhead (only for LLRF feedback) will be necessary.



FLASH and STF 0 5 study (without beam) indicate that

Summary
FLASH and STF-0.5 study (without beam) indicate that  

10%-15% actual llrf overhead will be necessary.
This does not include the rf losses due to

reflection from waveguide system (additional ~1%)
performance change of klystron due to reflection (~?%) 
coupler (over-coupled) (additional ~2%)coupler (over coupled) (additional 2%)
beam compensation (additional ~1%)
Lorentz force detuning (additional ~2%)
any other items to be discoveredany other items to be discovered…

Total overhead (llrf feedback + additional fluctuation) should 
be 17%~22%. (overhead after ML KO  meeting is14%.)

Increase in total overhead could be the cost-driver but this is 
the “trade-offs”  (cost v.s. field stability, high availability).
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Operational condition

Klystron output

cavity

Klystron output

Zoomed 
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Klystron power fluctuation for FB
D ift f kl t f f db k / 5%Drift of klystron power for feedback:~+/-5%
(this partly includes microphonics and modulator ripple compensation.)

Klystron power for feedback during pulse:~13%
(partly including detuning effect)
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