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Main content
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Á Introduction of LLRF systems in the cERLat KEK.

Á Idea of disturbance observer-based control.

ÁApplication of disturbance observer-based control.
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Controlling

~8.5 MV/m for main linac Cavities

~3 MV/m for Injector Cavities

~ 20 MeV

Dump

Introduction
ÂCompact ERL (cERL) is a test facility for the future 3-GeV ERL project. It is a 1.3-

GHz superconducting systemand is operated in CW mode.  

ÂApril , 2013, injector commissioning. Oct. 2013, main linaccommissioning.

RF requirements

0.1 % rms, 0.1 deg. rms for cERL

0.01% rms, 0.01deg.rms for 3GeV-ERL

3

Cavity QL RF  power

Bun. 1.1e5 3 kW

Inj. 1 1.2e6 0.53 kW

Inj. 2 5.8e5
2.4 kW

Inj. 3 4.8e5

ML1 1.3e7 1.6 kW

ML2 1.0e7 2 kW

LLRF15, Nov. 03-07, Shanghai, China



ADC: LTC 2208

Xillinx Virtex 5 FPGA

ADC & DAC Interface

Digital I/O

uTCA Digital Board
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LLRF (Digital Board)

Down-convertor

IQ Mod.

FPGA boards
FPGA boards

Thermostatic Chamber

(0.01 deg.)

LLRF Cabinet

Digital Board type Feature 

ADC LTC2208 16 bits, 130 MHz (Max.)

DAC AD9783 16 bits, 500 MHz (Max.)

FPGA Virtex 5 FX 550 MHz (Max.), includes a PowerPC with 

Linux, EPICS is installed on the Linux.

Four channel  16 bits ADCs + four channel 

16 bits DACs.

Micro TCA

LLRF15, Nov. 03-07, Shanghai, China



Calib.
ADC

Vector sum

I

Q

I_Set 

ADC

DAC

DAC

cos sin

sin cos

q q

q q

å õ
æ ö
-ç ÷

FPGA

Power PC

EPICS IOC

IQ
 M

o
d
.

Waveform Command

Linux

IF å 10 MHz

I

AMC  Card

AD9783

D
o

w
n

 

C
o

n
v
e
rt

o
r

IIR

RF = 1300 MHz

LO å 1310 MHz
Analog filter

PI

IIR

Fil.

Q_Set 

I_FF

Calib.

Q

1300 MHz

Kly . / SSA

Pre. Amp.

Clk å 80 MHz

LTC2208

ADC

ADC

ADC

PI

Q_FF

cos sin

sin cos

q q

q q

å õ
æ ö
-ç ÷

DIO (RF SW)SW1

F
il

F
il

bandwidth

Monitor

(pick up)

LLRF (schematic )

5

ÁPI ctrl.

ÁEpics
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Disturbances in RF system
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ÂMain disturbances: High voltage power supply ripples (300 Hz) + burst 

mode beam-loading (0.5 mA~1mA, 1 ms~ 2 ms) and Microphonics(DC ~ 

500 Hz) [1-3].
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Disturbance Observer (DOB)
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ÂThe disturbances estimate    can be evaluated accurately if we ñknowò the 

mathematical model of the system (disturbances can be observed).
ÂDisturbance-Observer-Based control (DOB control) [4-5].
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DOB ctrl (contõd)
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ÂThe disturbances estimate    can be removed from FF table, thus the disturbance 

signald is rejected.
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DOB ctrl (contõd)
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ÂThe low-pass Q filter is required to keep the DOB controller physically 

realizable.

ÂThe combination of                     can be causal.
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ÂIn practical, the combination of DOB control and PI control is applied at cERL

LLRF system [1]. 

DOB ctrl.

PI ctrl.

PI ctrl + DOB ctrl.

Combination
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Transfer function
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Application of DOB control
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Disturbances in RF system
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ÂMain disturbances: High voltage power supply ripples (300 Hz) + burst 

mode beam-loading (0.5 mA~1mA, 1 ms~ 2 ms) and Microphonics(DC ~ 

500 Hz ).

1.6 ms

500 µA

Cavity

( )
KI

PI s KP
s

= +
Set

()FF s

PS ripples

Microphonics

Beam-loading

LLRF15, Nov. 03-07, Shanghai, China



Disturbances 1 (HVPS ripples)

ERL (2015), F. QIU 14

ÂMain disturbances: High voltage power supply ripples (300 Hz) + burst 

mode beam-loading (0.5 mA~1mA, 1 ms~ 2 ms) and Microphonics(DC ~ 

500 Hz ).
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Application 1 (HVPS ripples)

15

Â Disturbances: high voltage power supply ripples (300 Hz ripples).

Amp. Pha.

FFT

300 Hz

The 300 Hz ripples is disappeared
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Disturbances 2 (beam -loading)
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ÂMain disturbances: High voltage power supply ripples (300 Hz) + burst 

mode beam-loading (0.5 mA~1mA, 1 ms~ 2 ms) and Microphonics(DC ~ 

500 Hz ).
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Application 2 (Beam -loading)

17

Â Disturbances: Beam-loading (about 1.6 msand 800 µA beam current)
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Beam profile
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Disturbances 3 ( Microphonics )
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ÂMain disturbances: High voltage power supply ripples (300 Hz) + burst 

mode beam-loading (0.5 mA~1mA, 1 ms~ 2 ms) and Microphonics(DC ~ 

500 Hz ).
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Application 3 ( Microphonics )

ERL (2015), F. QIU 19

Â Disturbances: Microphonics(DC ~ 500 Hz)

Â Even with high feedback 

gains, the microphonicsstill 

exist in the measured RF 

field.

ML1

ML2

50 Hz

50 Hz

The 50 Hz component is 

disappeared.

Microphonics
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Summary 
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ÁConstruction of the RF system @ cERL

ÁMotivation and idea of disturbance control (DOB)

ÁSuccessful application of DOB control
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Thank you for your attention
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Back up
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PI + DOB vs PI
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PI + DOB vs PI
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PI + DOB vs PI
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