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Introduction

FEL:
Max-IV is prepared to be expanded

v Max-IV will be 3 " generation synchrotron light source in Lund, Sweden
v' The accelerators of Max-1V will be: with a laser like light source in the
= 1 Linac — 250m — injecting in two SR at full energy. Prepared to be expanded with a Free 3GeV Ring — 528m = future
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» 1.5GeV SR - 96m — 500mA,; full energy injection and top up operation
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» 3GeV SR — 528m — 500mA; full energy injection and top up operation
v The characteristics of the RF Stations are:
» 6 RF stations in 3GeV SR; 4 RF Stations in 1.5GeV Ring.
= Components in one RF Station
e One Cavity: Capacitive load type and running at 100MHz
e Two Tetrodes of 60kW each
e One Hybrid combiner to provide 120kW
e One Circulator
* One 120kW Load O
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LLRF Conceptual Design

: ocky Main Characteristics Hardware

= Design based on ALBA LLRF Systems .
___ Contol ol 0 b cPCI Commercial Boards (VHS-ADAC from Lyrtech)
Inputs Digital Boards » 1 LLRF system to control 2 cavities

L - - Loops Board: 8 ADCs 14bits 105MHz; 8DACs 14Bits

=16 ADCs FPGA Extra Utilities 480MHz; Virtex-4 FPGA; 128MB RAM: GPIO 32 bits

- Digital | . - ORI

=1 80MHz Derr:?)lctlzla?ion Analog Automatic condltl.o.n.lng Diagnostics/Interlocks Board: 16 ADCs 14bits

— Front End = Fast Interlocks utilities (vacuum, arcs and reflected ; ' .
nower) 105MHz; Virtex-4 FPGA; 128MB; GPIO 32 bits

FPGA - Digital IQ , ,
8 ADCs BB L iulation and < Up = Fast and slow diagnostics TG SysiaT

=< Conversion :
Control Loops = = Automatic startup

= Landau Cavity Tuning Commercial PLL Board (Tl: CDC7005-EVM) with

80MHz VCXO locked with Master Oscillator
Loops Requirements (100MHz)

RF Cavity Forward Power |

RF Cavity Voltage Tetrode
Analog Front Ends for Up-Conversion

Dynamic
Range Up-Conversion: DC signals IQ modulated with

Master Oscillator signal (100 MHz) using an IQ
guadrature modulator from mini-circuits.

Resolution Bandwidth

RF Cavity Forward Power Amplitude

<0.5% rms
Loop

Tetrode

RF Cavity Voltage < 0.5° rms < 10kHz 360° BNC Tests Points accesible in front panel to monitor

main RF signals using a scope
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First High Power tests with beam in Max -l

Amplitude Cavity Voltage - 10kW and 140mA in Max-ll Cavity Phase - 10kW - 140mA in Max-Ii Amplltude and I&Q Components Of CaVIty
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0.3°pp 0.5%p - - - - Slow Diagnostics of LLRF:
Fast Diagnostics of LLRF: Signasl acquired at SOMHz OW DIagnoslics 0 -
Signasl acquired at 1Hz

Next Steps

Coaxial Switch

Fast Interlock Utility
v Implementation of Fast Interlock Utility: RF Drive —

cut in less than 10us when interlock condition
h ap p e n S controller) (Tetrode)

PLC (RF amplifier RF Amplifier
. .. . Arc detector output (TTL)
v Automatic Conditioning I— Arc Detector (AFT) }
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Vacuum Controller
Output for automatic

v | andau CaVity tuning conditioning —» Optical Fiber

LLRF Interlock Output 8

Vac (mbar)
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v Extra diagnostics integration > Analog Output

Output for
automatic

v' Automatic startup
v LLRF Series production (2013)

—>» Digital Output

—>» Interlock Output
Arc detector output (TTL)

Arc Detector (AFT) & - Canity Voltage

o — Vacuum
Vacuum Controller 0 N S N I B |
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PLC Interlock Output

A
PLC (RF amplifier RF Amplifier
controller) (Tetrode) =VVacuum < Limit Down - Amplitude/Duty Cycle Increases/Decreases

LLRF Interlock Output

*RF Drive Square modulated: Amplitude and Duty Cycle adjusted by operator

Interlock Output for =\Vacuum > Limit Up = Amplitude/Duty Cycle remains constant until vacuum is below limit
RF module down

— (Data From ALBA Cavities Conditioning)

Coaxial Switch




