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Scope
• ALS’s RF Systems

• Injection System
• Electron Gun (125 MHz)
• GTL Bunchers

125 MHz Sub-Harmonic Buncher
500 MHz Sub-Harmonic Buncher

• S-Band Linac (2.998GHz)
S-Band Buncher
S-Band Accelerating Sections

• Booster RF System (500 MHz)
• Storage Ring

• Storage Ring RF System (500 MHz)
• 3rd Harmonic Cavities, passive (1.5 GHz)
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Scope, continued
• ALS RF Teststand

• 66kW 500MHz Teststand
• Titanium-Nitride Window Coating System

• HOM Dampening
• Fundamental Cavities
• 3rd Harmonic Cavities

• Storage Ring RF System Upgrade Plans
• Transmitter Installation (Step I)
• HVPS Modification (Step II)

• Crowbar Replacement with HV IGBT Switch
• LLRF Upgrade (Step III)
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ALS’s RF Systems
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Linac RF Systems
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Injection System – Electron Gun & Linac

Electron 
Gun

125 MHz 
Buncher

500 MHz 
Buncher

3 GHz 
Buncher

Acceleration 
Guide #1

Acceleration 
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E. Gun Electronics Equip Rack & Block Diagram

E. Gun Rack (LI01) Block Diagram
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E. Gun Pulse Train Generation
125
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Electron Gun Hot Deck, Gun Body, Cathode

Hot Deck

CathodeGun
Body
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125MHz Sub-Harmonic Buncher (GTL SHB1)
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500MHz Sub-Harmonic Buncher (GTL SHB2)
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Photos of (GTL)
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3GHz LINAC RF System
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LINAC Modulators 1 & 2 for LN SBUN1, LN AS1 & LN AS2
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LINAC Modulators & Klystron

Advanced Light Source



LINAC Modulators & RF Timing
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LN AS1 (girder #2)
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LN AS2 (girder #3)
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LINAC
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Booster RF System
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Booster RF System Parameters for 1.9 GeV

Frequency (MHz) 499.64
Harmonic number 125
Peak effective voltagea (kV) 813
Beam current, multibunch mode (mA) 4
Synchrotron radiation loss, dipoles (kW) 5
Total effective shunt impedance, ZT2 (MΩ) 5
Fundamental-mode cavity dissipation (kW) 66
Waveguide and other lossesb (kW) 3.1+2.6=5.7
Total RF power (kW) 71.7
Total RF power installed (kW) 80

a based on 66kW dissipation
b estimated to be ≤ 0.2dB transmission loss & 4% RL for β=1.5
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BRF System Block Diagram
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BRF System Block Diagram
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BRF Transmission Line Sketch

80 kW
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CPI, Communications & 
Power Industries

(commercial broadcast IOT, K2 series, 80kW)

BRF HPA/XMTR
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AI, Acrodyne Industries
(commercial broadcast transmitter, modified)

Gain >23 dBGain >23 dB
Eff.  >65 %Eff.  >65 %
EEBB <36 kV<36 kV



BRF HVPS (High Voltage RF Pad, outside Bldg.6)
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BRF Wave Guide Switch & HPA Test Load

Advanced Light Source



BRF Circulator & Reject Load
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BRF Cavity
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SR RF System
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Storage Ring RF System Parameters for 1.9 GeV

Frequency (MHz) 499.64 499.64
Harmonic number 328 328
Peak effective voltage (kV) 656 693
Beam current, multibunch mode (mA) 400 500
Synchrotron radiation loss, dipoles, ID (kW) 132.5 165.6
Power loss for 3rd HC, parasitic mode (kW) 8.1 8.6
Total effective shunt impedance, ZT2 (MΩ) 5 5
Fundamental-mode cavity dissipation (kW) 43 48
Waveguide and other lossesa (kW) 7.5 9
Total RF power (kW) 234 279.2
Total RF power installed (kW) 330 360

a estimated to be ≤ 0.15dB transmission loss
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Existing SR RF System Block Diagram
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Existing SR RF System Layout
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SR RF Cavities
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SR RF System Layout
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SR RF Klystron & HVPS Filter/Crowbar Cabinet
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SR RF HVPS
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SR RF HVPS Filter & Crowbar System
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SR RF HVPS
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3rd Harmonic (Landau) Cavities System
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3rd Harmonic (Landau) Cavities System
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3rd Harmonic (Landau) Cavities System
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Bldg. 27 RF Cavity Teststand, RF Window Development
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Current Design:
• 2 in SRRF operating at 43kW CW, 1 fully tested spare
• Manufacture(E2V), TiN coating & test to 66KW CW at LBNL
• 2 RF windows manufactured, awaiting TiN 

coating and power testing.
• 1 Split waveguide section manufactured, 

awaiting testing.
• Will use current disc-type window 
(Daresbury), which is capable of 40kW avg.

Iris Flange Profile
β: 0 to 3.2

Split WR1800 Waveguide to Cavity Transition



Bldg. 27 RF Cavity Teststand, Titanium-Nitride Coating
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RF Window Coater, MC1 Coating Cycle (06/30/2000) Filament Wire Parameters
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Bldg. 27 RF Cavity Teststand, Power Test/Condition Window
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MC1 Power Test & Conditioning Cycle
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B27 Cavity Teststand, 66kW @ 500MHz
• Identical cavity to Booster and Storage Ring

• Power Conditioned in 24 
Hrs over a 4 day period.

• 21 Rev Pwr Trips

• 5 Vac Trips

• Window Temp ran < 80°C



HOM Dampening in Fundamental Cavities
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Longitudinal Modes

Dipole Modes

E-Type

Ridged Waveguide Type



HOM Dampening in Fundamental Cavities
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Longitudinal HOM spectrum of the ALS main RF cavity
red-no dampers

black-with E-type HOM damper
green-with E-type and waveguide dampers

blue/yellow lines- ALS long. stability threshold for 1.9/1.5 GeV

1

10

100

1000

10000

100000

1000000

10000000

1 2 3 4 5 6 7 8 9 10 11 12 13

MODE NUMBER

SH
U

N
T

 IM
PE

D
A

N
C

E
 [O

H
M

0.5    0.81   1.03   1.33    1.38   1.56   1.81   1.89    2.13  2.27    2.35   2.45  2.85GHz



HOM Dampening in 3rd Harmonic Cavities
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Single odd longitudinal mode (TM011 ) effectively 
damped by one E-type damper



Storage Ring RF System Upgrade
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• Transmitter Installation (Step I)

• HVPS Modification (Step II)

• Crowbar Replacement with HV IGBT 

Switch

• LLRF Upgrade (Step III)



UPGRADE: STEP I (2009 SHUTDOWN)
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UPGRADE: STEP I (2009 SHUTDOWN)
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AI, Acrodyne Industries
(commercial broadcast transmitter, modified)

CPI, Communications & 
Power Industries

(commercial broadcast IOT, K5 series, 90kW)

Gain >23 dBGain >23 dB
Eff.  >70 %Eff.  >70 %
EEBB <40 kV<40 kV



Σ

UPGRADE: STEP II (2010 SHUTDOWN)
If New Low 
Level RF 
System 
Ready: It 
will be 
Installed

Else will 
run 
Existing 
Low Level 
RF System 
Until 2011 
Shutdown
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UPGRADE: STEP III (2011 SHUTDOWN)
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• High Voltage Power Supply for the Y1305 Philips Klystron
Classical layout, 12 pulses rectifier with a Voltage Variable Transformer (VVT) 
DC Output Voltage regulated from -30 to -56kV with stability within +/-0.5%
Current Rating of the unit is 12A DC

Since the unit was very reliable for over 16 years of operation and we have a full set 
of spare parts, there is no reason to replace it for an upgraded system. The only 
inconvenience we will experience during the first year (Step I) of operation of the 
new system is the 12A dc current limit which will slightly limit maximum power 
available from the IOT based Power Amplifier (PA) unit.

• Upgrade
During the second phase of the upgrade the final HVPS transformer will be 

replaced by one with a lower voltage transformation ratio and the same power 
rating as the old one which will eliminate the PA power limitation problem.

The existing relay-based HVPS control system will be replaced by a PLC-based 
integrated PA logic control system.

Lastly during the second stage of the SRRF system upgrade, the existing ignitron 
based Klystron Crow-Bar system will be replaced with an in-house made High 
Voltage Disconnect Switch (HVDS).

High Voltage Power Supply & HV Switch Upgrade



Crowbar System Replaced by IGBT Based HVDS
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• Advantages:
Lower stress during emergency action on HVPS components
Faster switching time
Simpler driving circuit

• Our new HVDS will use a stack of 16 IXYS 4kV 40A (170A peak) IGBTs

• The major operational challenge when using the stack of IGBTs is to maintain 
the equal voltage distribution across each unit in static and dynamic transient 
conditions. 

• To achieve this goal our switch will be equipped with a simple RC voltage 
balancing circuit [1].

• Spice simulations indicated significant improvement in the voltage drop across 
the stack of 4 IGBTs in the function of the unequal gate drive delay.

• Each IGBT unit will be driven by a single MOTOROLA MC33153 gate driver 
with an active desaturation protection.

• Optoisolators will be used to deliver the triggering signals to the IGBT gate 
drivers and to transfer output fault signals to the switch protection unit.

• The construction of the prototype of the 40kV, 20A unit is under way and the 
estimated cost of the switch will be a small portion of the cost of the commercially 
available unit.
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IGBT Data Sheet
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Driver Board Power Supply Unit



HVPS Disconnect Switch Control Unit
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HVPS Disconnect Switch “Proof of Principle” Test Stand
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“Proof of Principle” Test Stand, 2 IGBT’s w/Drive Circuits
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[1] High-Voltage switch using Series-Connected IGBTs with Simple Auxiliary 
Circuit Ju Won Baek, Dong-Wook Yoo, Heung Kim; IEE Transaction on 
Industry Application, Vol. 37, November 2001
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