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Proton Therapy LLRF

(2)
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Frequency: 1.4~7.5MHz

. Finemet Cavity, Q ~ 0.5

SSA:10kW 1.4~7.5MHz

. Include second and third

harmonic frequency
acceleration

Accelerate voltage: 2kV




Proton Therapy LLRF (3)

P FOBTE LA BB EE

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

o //\ | Amplitude and phase

0] A |= response from 1.4MHz to
] L i 7.8MHz

p

[
C
g

fdb_am

1600 ‘ \\ / d.

1400 \.»/ 4120

T T T T -200
1 2 3 4 5 ] 7 8

3

1000

freq (MHz)

= Gnuplot - Ox
/home/RF/Desktop/cpci_gui_edm/cpcimain.ed| 2090
2080
2070
LLRF SYSTEM VERSION: 1511110A 2060,
2050
loop control and status sweep data config PID config 2040
2030

loop status max_index: 50 50
] Kp_set: 2048 2048 begin tri 2020 i
stop_index: 25000 25000 = g g ]
= A Ki_set: 256 256 2010
data_port_mask1: 0x0  OxF Kd set 0 0 2000 J

) . . 1990 1
data_port_mask2: 0x0  OxF Sens_set: 0 Y stop trig 0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000|
port_maskz_num: g 0 2400

fdb-amp

dac-amp

3200 g —

Amp and Pha config 1&Q data read 3000

ref_amp_set: 1.000 1.000 PID_I: 0 ref_adc_3ls: -49 2222
PID_G: -6551 ref_adc_3Qc: 51

5

e =
dac_rot_i: 0 f_rot_3ls: 0

fdb_set_const_amp: 9.035 0.035 ot ret_rot_s's 2200

dac_rot_q: -104447 ref_rot_3Qc: -65533
fdb_set_const_pha: 635 635 - = 2000

fdb_adc_3ls: 2402 ref_std_3ls: 65536 1800
dac_set_const_amp: 1,000 1.000 fdb_adc_3Qc: -5100 ref_std_3Qe: 0 1600
dac_set_const_pha: -90.0 -90.0

: : 1400 -200
fdb_rot_3ls: 2437 ref_mod_3ls: 0 0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000)
fdb_rot_3Qc: 17920 ref_mod_3Qc: -104447

- - - - = 163391 u= 688,018

I 2 Amplitude and phase stability:
+/-1%, +/-1 Degree

Local GUI



D ronsirsiobanis _ LLRF for Harmonic cavity (1)

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Harmonic cavity in SSRF

In Shanghai Synchrotron Radiation facility (SSRF), A passive third harmonic cavity will
be used to increase Touschek lifetime.

To control the voltage of harmonic cavity, a tuned
loop control system will be designed for it.

SSRF

]
[ T |
| Tuner
control
module

Preliminary design
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Third Harmonic SC control block

—P Piezo driver
Etherne CPCI
b Platform r’ Motor driver
i \ 4
From SG B LLRF controller 1.5GHz SC
500MHz
Beam current ?

A. The hardware will same as our third generation LLRF
B. Detect the amplitude of cavity and beam current
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LINAC LLRF(1)
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Three project: SXFEL DCLS UEDM

Reference Signal Distribution Svstem

RF Gun S-Band X Band S-Band C Band

Dellector Dellector

C-Band
Dellector

Injector |

SXFEL(Soft-X Free Electron Laser)

Main LINAC

Installed at 11/2016, Under RF conditioning

Including 4 Sets of S-Band (2856MHz), 7 Sets of C-Band (5712MHz), 1 Set of X-Band(11424MHz)

Reference Line

LLRF1 LLRF3 LLRF4

SSA1 SSA3 SSA4

Modulator3

ator2
Klystron3 - Klystron4

Modulator4

Klystronl

Power Splitter Phase Shifter

Gun A0 Al A2 A3 A4 As A6

DCLS(Dalian Coherent Light Source), Installed at 07/2016
Including 4 Sets of S-Band

Reference Line

l 2356MHz L 5712MHz
{ LLRF Controller ‘
SSAO01 SSA02
Modulator01l Modulator02

Klystron01 Klystron02

Power  Phase
Splitter ~ Shifter

Gun Harmonic Buncher Deflector

Ultrafast Electron Diffraction and Microscopy at
Shanghai Jiaotong University, Installed at 05/2017
Including 1 Set of S-Band 1 Set of C-Band

-By microwave group



LINAC LLRF(2)
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LLRF architecture

Two sets of LLRF cards are installed in one MTCA chassis to drive two amplifiers.
The LLRF cabinet is one water-cooled, temperature-controlled rack, whose temperature
stability is =0.1°.
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LLRE of C-Band LLRF Cabinet

-By microwave group
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Soft-X FEL is under testing -By microwave group
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Hard X FEL project introduction and LLRF
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Hard X FEL parameters

¥~ Beam current: 0.2mA

¥~ Beam energy:. 8GeV

= CW mode operation, bunches up to 1MHz
=" TTF type cavity



Hard X FEL Schedule
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= Begin atend of 2017, finished 2024

« Tunnel construction : 2017-2020

« Utility : 2019-2021

« Key technique and prototype manufactured : 2017-2021
e Main device manufactured : 2018-2023

« Device Installed and integrated : 2021-2023

e commissioning : 2022-2024

Approved in 2017.4
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Injector
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solenoids

w |
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L3

RF Window ] Tuner Plate

Bucking
Solenoid

Beam Exit
Port

Cathode

RF Coupler

Charge quantity (pC) 100
energy (MeV) 100
] bunch length (FWHM, ps) 8
.‘ Miﬂ Emittance RMS (mm-mrad) 0.39
i ‘ i 5 Delta Energy RMS 0.14%
wa - OMCNGIIH OO M M ——
Eight superconducting 9-cell RF cavities e modules
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12kW@2.0K cryogen
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Output Piezo control signal RTM Board
Output motor control signal (2)
Other analog voltage I/0
|| connector !MM!- Power supply
DSP Board
FPGA
8G Bits memory
AMC Or FMC 1000M Ethernet
RF front-end
4 Down-converter CH
1 Up-converter CH
RF Board
RF signal IN Digital I/O IN

ATCA Board
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LLRF signal flow
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Thanks'!



