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ALS: 1.9 GeV 500mA synchrotron Light Source since 1993, with 4th 

gen upgrade underway (ALS-U).



Overview of RF systems in the Advanced Light Source

ALS-Upgrade Project



Storage Ring RF System

Two 300kW Klystrons Driving Two Cavities
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Two Klystrons with waveguide matrix 500 MHz RF Cavities



ALS Storage Ring RF Parameters
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Storage Ring RF System Upgrade Timeline
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2014

Installed IGBT based 

disconnect switch

2017

New HVDC

power supply

2013 2016

Finished waveguide 

switch-matrix

2018

RF phase noise

improvements

2019

LLRF feedback loop 

Characterized

2012

Established 

Klystron site #2
Commissioned digital

LLRF system
Full 2 Klystron operation

2021

20222020

New HV IGBT switch 

receiver chassis

PLC system 

completed



1. Operational Mode:

a. RF Power to Cavities

b. Beam operations Enabled

2. High Power RF Test mode:

a. RF Power to Cavities

b. Beam operations Disabled

3. RF Test with Access Mode:

a. RF Power to Cavities

b. Beam operations Disabled

c. RF peak power < 35 kW

4. RF Power to Test Load:

a. RF Power to Test Loads

b. Beam operations Disabled

Storage Ring RF RSS/PSS

System Operation Modes
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1. Dual Klystron Drive:

• Klystron 1 ➡️ Cavity 1

• Klystron 2 ➡️ Cavity 2

2. Klystron 1 Drive:

• Klystron 1 ➡️ Magic T 

• Magic T ➡️ Cavity 1 ➕ 2

3. Klystron 2 Drive:

• Klystron 2 ➡️ Magic T 

• Magic T ➡️ Cavity 1 ➕ 2

4. Klystron 1 Test:

• Klystron 1 ➡️ Test Load

• Klystron 2 ➡️ Short

5. Klystron 2 Test:

• Klystron 1 ➡️ Short

• Klystron 2 ➡️ Test Load

6. Cavity Measurements:

• Test Port 1 ➡️ Cavity 1

• Test Port 2 ➡️ Cavity 2

• Klystron 1 ➡️ Test Load

• Klystron 2 ➡️ Magic T ➡️ Short

• No HVPS

Storage Ring RF 

Waveguide Modes
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VNA

VNA



Dual Klystron Drive waveguide matrix

Two Klystrons powered by -56kV HV

Dual Klystron Driven Storage Ring RF System at Advanced Light Source | BERKELEY LAB 9

Klystron site 1 

with -56 kV HV switch
Klystron site 2

High Voltage Power Supply



Dual Klystron Drive waveguide matrix

Cavity and couplers
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Cavity 1

Cavity 2

Cavity 2

Cavity 1

Waveguide

Window Coupler



Dual Klystron Drive waveguide matrix

Cavity Characterization using Vector Network Analyzer
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Coax adapter Coax adapter

Automated /motorized

waveguide switch control



Dual Klystron Drive waveguide matrix

Original water wedge RF loads
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RF Load for Magic T

RF Load for Circulator 1

Water wedge load:

• Circulation system with 

tank, pump, heat 

exchanger

• Dielectric constant of 

water is temperature 

dependent

• Surface ripples on top 

surface contribute to 

noise



Dual Klystron Drive waveguide matrix

Installed Ferrite RF loads for improved matching

Dual Klystron Driven Storage Ring RF System at Advanced Light Source | BERKELEY LAB 13

RF Load for Magic T

RF Load for Circulator 1

Ferrite Load:

• Load is lined with ferrite 

tiles 

• Water cooled and more 

temperature stable

• Simple water system 

though high flow at 

45GPM



LCW system upgraded for Ferrite RF loads
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Normal operation is between 89.5 to 90.3 gpm

Complete open return is between 119 to 120 gpm

Complete open return and supply is between 149 to 150 gpm.



• Non-Ionizing Radiation Survey Procedure

– dual mode only, one klystron at a time

• Personnel Safety System Interface and Ionizing 

Radiation Protective System

– 5 waveguide modes

RF Safety Procedures

Non-Ionizing Radiation Protection, and RF Leak detections for all 5 waveguide modes
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PLC Control Network

Automated RF turn-on process, interlocks, based on waveguide mode

Dual Klystron Driven Storage Ring RF System at Advanced Light Source | BERKELEY LAB 16



Phase IIB: Replace Crowbar w/HV Dis-Con SW & PLC Controls, Install 

Klystron Site #1 (2014 Shutdown)
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HV Dis-Con SW Block Diagram
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HV Dis-connect switch with PLC control
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Filter/Crowbar Cabinet Replaced w/HV Dis-Con SW, PLC Controls, Kly Site #1 Completed 6/2014

HV Dis-Con SW

Klystron Site #1

Filter Cabinet and PLC Controls

IGBT Switch 

Receiver chassis
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PLC Controls HV Dis-Con Switch Performance
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HVSW Output



Digital Low-Level RF system

• System configuration:

– 42 RF chan. ➡️ ADCs

– 2 DACs ➡️ 2 Klystrons

– Non-IQ synch. sampling

– up to 24 bits, (fault) waveforms

– 4 FPGA, interconnected

– UDP, PLC interfaces

• 4 feedback loops:

• 2 amplitude, 2 phase loops

• depends on waveguide mode

• Fast RF interlocks

• 42 RF power interlock

• 16 ARC interlock

• Mode dependent, PLC settable

Operational since 2017.3
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Interlock Type Latency (µs)

RF Power (Lab) 1.45

RF Power (ALS) < 3

ARC Detector < 2

Digital Low Level RF System

Fast RF interlock
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Automatic system configurations for multi-mode operation

Integrated mechanical, LLRF, PLC, EPICS configurations for multi-mode high power RF
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Tested balanced klystron gain by equal cavity powers

Insertion Device gaps closed at full beam load (500 mA)
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Cavity1: 45.2 kW

Cavity2: 45.2 kW

Total Power: 295 kW



Tested different Klystron gains by unbalanced cavity powers
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Both Cavities 

SP: 45.2kW

Cavity 1 SP: 

46.6kW

Klystron 1 

drawing current  

9.3A

Klystron 2 Mod-Anode 

voltage stays at 25kV, 

drawing current  6.6A

Klystron 1 Mod-Anode 

voltage ramp after 150kW



Dual Klystron Drive Cavity Phase Control

• Automated RF turn-on process in all 

waveguide modes

• Auto RF phase settings:

– Dual Drive & Single Drive modes;

– Beam based phase feedback;

• Tuned phase offset between 2 cavities 

for optimal synchrotron tune;

Independent LLRF control of two klystron loops (total 4)
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Synchrotron 

tune from LFB 

notch

Cavity Phase 

Offset



Thank You
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