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Overview of RF systems in the Advanced Light Source
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Storage Ring RF System

Two 300kW Klystrons Driving Two Cavities

Two Klystrons with waveguide matrix 500 MHz RF Cavities

Dual Klystron Driven Storage Ring RF System at Advanced Light Source | BERKELEY LAB 4



ALS Storage Ring RF Parameters

ALS SR 1.9GeV  ALS-U SR 2.0GeV

Cavity RF Frequency 499.64 500.394 MHz
Number of Cavities 2 2

g (ea) 4.9 4.9 MQ
Cavity voltage 671 300 kV
I5; 2.9 10.6

Energy loss per trun 329 347 keV
BM Beam Power 141 125 kW
ID Beam Power 42 35 kW
3HC Beam Power 7.3 13.8 kW
Parasitic Beam Power 2.9 (est.) 2.6 (est.) kW
Total Beam Power 192.9 176.4 kW
Cavity Power(no beam) 46 9.2 kW
Cavity Power(beam) 142.5 97.4 kW
Waveguide Loss 9.2 (est.) < 3 (est.) kW
High Power Amplifier 294.0 197.5 kW

R ——
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Storage Ring RF System Upgrade Timeline

New HVDC Finished waveguide RF phase noise PLC system New HV IGBT switch
power supply switch-matrix Improvements completed receiver chassis
2013 2016 2018 2020 2022
2012 2014 2017 2019 2021

Established Installed IGBT based Commissioned digital LLRF feedback loop Full 2 Klystron operation
Klystron site #2 disconnect switch LLRF system Characterized
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Storage Ring RF RSS/PSS

o System Operation Modes
) .
7 1. Operational Mode:
%““ #”gg:;i P Ly ) T L 2 st a. RF Power to Cavities
--}-{ /-g\-\ T <aspw M Wi Bampers b. Beam operations Enabled
: € G\@ © 1 refhon Blank <H(‘ P . __;kwmad _
7 \i o 2. High Power RF Test mode:
Manual 1kW Load
I s T o VY a. RF Power to Cavities
I : Matcher . .
trvon mmd4 /-}\ :T Y b. Beam operations Disabled
Test Load 2000 Load 2\ /\\, \G‘ O/O %){ Magic T .
2000ead U S %>—l S 3. RF Test with Access Mode:
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4 KB mtane . iti
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b. Beam operations Disabled
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Storage Ring RF

Waveguide Modes

1. Dual Klystron Drive:

«  Kilystron 1

«  Klystron 2
2. Klystron 1 Drive:

«  Klystron 1

« MagicT
3. Klystron 2 Drive:

«  Klystron 2

«  MagicT
4.  Klystron 1 Test:

«  Kilystron 1

«  Klystron 2
5. Klystron 2 Test:

«  Klystron 1

«  Klystron 2
6. Cavity Measurements:

«  TestPort 1

+  TestPort2

«  Klystron 1

«  Klystron 2

. No HVPS

Cavity 1
Cavity 2

Magic T
Cavity 1 4 2

Magic T
Cavity 1 4+ 2

Test Load
Short

Short
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Dual Klystron Drive waveguide matrix

Two Klystrons powered by -56kV HV

(5
(=) b
& 2-4
72 &2 @
- ) G2
&)
= &P
05 (E5)
505 &
247 @22
19-4)20-£ 36 8-7 =) =)
=) -7 7 -3 ot
& 0 931203 -
304
TR D%
= i 5-2
5 o
2-7
57
1951205

23

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

19-9)20-7,

e,
,,,,,

igh-V/oltage Power Supply

26)




Dual Klystron Drive waveguide matrix

Cavity and couplers

49-1 3
Waveguide
T Window Coupler
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Dual Klystron Drive waveguide matrix

Cavity Characterization using Vector Network Analyzer -a o

Auto mover Mover status WG cntrl key switch ch
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Dual Klystron Drive waveguide matrix

Original water wedge RF loads

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

@952 &
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R Tt ' I RF Load for Circulator 1
|
|

=
WAVEGUIDE WINDOW ( REXOLITE)
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Dual Klystron Drive waveguide matrix

Installed Ferrite RF loads for improved matching

Ferrite Load:

* Load is lined with ferrite
tiles

* Water cooled and more
temperature stable

« Simple water system
though high flow at
45GPM

RF Load for Circulator 1
o SN R
BA= e
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LCW system upgraded for Ferrite RF loads

L,

""'\' "'{‘ i\ :
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.
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RF Safety Procedures

Non-lonizing Radiation Protection, and RF Leak detections for all 5 waveguide modes

* Non-lonizing Radiation Survey Procedure « Personnel Safety System Interface and lonizing

— dual mode only, one klystron at a time Radiation Protective System
— 5 waveguide modes

// PROCEDURE |Page 10of 5
Advanced NIII|'.|bBl: F;F 02-75
ev. 1
Light Issue Date: July 30, 2012
Review Period: 3 years 'A PROCEDURE |Page 1 of 6
Source Supercedes Issues: Rev.0 \ ‘
- ‘ Number: RF 02-76
e ALS e/ Revision: Rev. 21
Bldg. 6 — ALS, Storage Ring RF, 330kW — 500MHz High Power Amplifier & Transmission Line ADVANCED LIGHT SOURCE Issue Date: November 3, 2021
System RF Leakage (Non-lonizing Radiation) Survey Pi [
Section where used: (List all that will use this Title:
Accelerator Operations, Electronics Maintenance (EM), and RF Sections Storage Ring RF SVSten'_l '_I'esting 9f ?he Person_ne| Safety System Interface and
Type of Procedure: (Administrative / Technical) lonizing Radiation Protective System
Technical Section where used: (List all sections/groups that will use this procedure)
Prepared by Date Reviewed by Date ‘Approved by Date Accelerator Operations, Electronic Maintenance (EM), and RF Sections
Type of Procedure: (Administrative / Technical) Review Period:
Ken Baptiste Jim Julian Slawomir Kwiatkowski Technical Review upon use
Prepared by Reviewed by Approved by
Max Vinco
Doug Bashaw Angel Jurado Ben Flugstad
Revision Log:
Pgs. |Typeof Brief Description of Revision
Affected | Change - }
- ... .Ofginal Revision Djssued, - Ken Baptiste David Beverly
1557 7| "Minor | Authorized persons noted in ALS 02-01, removed from Radiation inieriock and
SIINEZ tesung schedule, Sec. 5.2,

1.0 PURPOSE

1.0 PURPOSE To provide a procedure that tests the ability of the storage ring (SR) RF system

In compliance with the ALS ALARA policy, the Bldg. 6 — ALS, Storage Ring RF, to react correctly by turning off Klystron RF drive(s) depending on the mode
330kW — 500MHz High Power Amplifier waveguide transmission line joints, all when the personnel safety system (PSS) indicates an ionizing radiation hazard.
sources of microwave non-ionizing radiation, must be inspected for mechanical

and RF tightness after every modification or disassembly. This procedure 2.0 SCOPE

supplies the necessary information for a methodical, safe inspection and survey.
Using rigorous preliminary preparation and a prescribed checklist, trained

2.0 SCOPE personnel assure that the necessary protective interlocks are functioning
The object of this survey is to locate, record, and correct any RF leaks found at correctly under a variety of different system configurations.
low power levels before proceeding to high power levels and to record the . . -
measurements. The inspection and survey shall be done by one person from The procedures in this document tests the ability of the ALS Personnel
the RF group or two qualified persons from the EM or Accelerator Operations Radiation Protection System to shut down the Storage Ring RF (SRRF) Klystron
sections, as noted in procedure ALS 02-01. amplifier RF drive or drives, depending on the mode, in response to a loss of

The HPA system is comprised of a High Power Klystron Tube, waveguide continuity of line A or line B or both lines of the radiation protection system.

transmission line components, and two RF cavities. The HPA's output power will

be dissipated into the combination of RF water loads and two cavities with The systems of all of the four key selectable modes available on the Personnel
minimal ions during beam c ions, but without beam some RF energy Safety System (PSS) Chassis are tested. The four PSS modes are:
will be reflected. While operating the HPA system, ionizing radiation will be 1) OPERATIONAL — stored electron beam possible
produced by the klystron, vacuum switches and ignitrons in the crowbar cabinet 2) RF TEST — no electron beam with high power RF in the cavities
and the RF cavities located in the SR tunnel. Refer to the procedure for 3) RF TEST WITH ACCESS — no electron beam, RF cavity power restricted to 30 kW,
surveying ionizing radiation, RF 02-77, Ref. [8]. personnel access available.

4) RF TEST DUMMY LOAD no electron beam, no RF cavity power, personnel access

available.
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PLC Control Network

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

Pad 32

HV variable -
transformer @

1 bRstRmtHvpad, bDoorHookHvRdy,
1 biPs307A2HVReady, rHvpadAmbAir

Master
HV IGBT Q

switch control

1 bK1State, btk 1HvRdy, T bWGSWOKk (T32) 1 bK2State, btK2HvRdy,
1 bK1Rgsts, K1CurrSet U bRossClosed (T171) 1 bK2Rgsts, K2CurrSet

1 iwGMode (R80)
Kyt > Ky2 >
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T mbHpaSmartRail42 1T mbHpaSmartRail42
Hpa A
RF pwr inlk l@l
Arcdetect <

| Feeder -
[65]m= = Wl 704 WG cooling -

<« bPermiy

CSCAN [ID] and flow intlk
[60, 61, 62,I 63, 64, 65]
Modbus TCP [50, 5'1, 52]

, (dot = master)

Fastint
RF inlk config IIlIIlIIl

/ readout PLC

Modbus RTU oo iode,

Fastint

RFinick FPoA IO
board (KC705) "'
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Phase IIB: Replace Crowbar w/HV Dis-Con SW & PLC Controls, Install
Klystron Site #1 (K2014 Shutdow m%&
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HV Dis-Con SW Block Diagram

PLC

27 Booleans
yi

Kly #1 Current Xfmr
Kly #1 Current Xfmr
Capacitor Current
Filter Cab SKimt

< 7 > Filter
Cabinet
( 24 Bo<l)|eans HV SW
4 .
Monitor
2 F.O.
Mod- A
AfoTa A24F.0.
5 Booleans 24 |G BT 24 F.O.
HVSW == Hv sw ’ g
Transmitter
A A
Fault-
2 Al Open/Close
T~ 4
= 2 ¥
Booleans
€ Bovleans > Audio Drv | Audio
Monitor Amp HV SW
Receiver
( / 4 Booleans )
4FO._ 4 DTTL >
> F.O.to >
50 > Diff-TTL >
5Al Filter Kly #1 Foc #1 —————>
. Kly #1 FOC #2 =——
8Booleags] Cabinet Kly #2 FOC #] mmmeeeee>
. KIy #2 FOC #2 =
Monitor . Kly #1 0s¢ ———>]
—_— —>»{ Test Wire O 2 ——
—_— Spare =
—_— Spare =————>

. : —>
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HV Dis-connect switch with PLC control

Filter/Crowbar Cabinet Replaced w/HV Dis-Con SW, PLC Controls, Kly Site #1 Completed 6/2014

Klystron Site #1

Fllter Cablnet and PLC Controls

HV Dis-Con SW

IGBT Switch o
Receiver chassis s o mu

.. — @rroet @animar  @unie
e @i @niant  @unenar  @Rnwm
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Dual Klystron

PLC Controls

SRRF Klystrons & HVPS Master PLC

K2 Modbus
K2 OFF State
K2 BLK State
K2 STD State
K2 HV State

K1 OFF State
K1 BLK State
K1 STD State
K1 HV State

K1 XMT State

on Mode
HV Plug Connections OK

ence Rdy@)Sequence In Progress
Ste
Step 2: Confirm SW1 is ON
Step 3: Confirm Waveguide & Kly Conn

Step 4: Close & Confirm SW3

Step 5: Close & Confirm LBNL Breaker
Step B: Reset-All, Confirm Master HV Rdy
Step 7: Open, Reset Rx & confirm

Step 8: Close & Confirm Kly SW4/SW5
Step 9: Auto-ramp/Manual-ctrl VT to Min
Step 10: Turn On HV (close Ross)

K2 XMT State

HVPAD Modbus 0 Manual HV Switch Rdy
HVPAD P 7 Rdy @ Audio Chassis HV Rdy
HVPAD WT HV Rdy (@l HV Dis-Conn. SW Rdy
HVPAD HVPS Rdy @ Filter Cab HV Rdy @)
LBNL Breaker Close Monitor Chassis HV Rdy .
} Rx/Tx Chassis HV Rdy .
Master HV Ready )

Manual HV Switch Ready
Audio Chassis HV Ready
HV Dis-Connect SW HV Ready

Monitor Chassis HV Ready .
Receiver/Tx Chassis HV Ready
Master HV Ready

®
. Filter Cab HV Ready
®

i/

. CAP 1 Curr Fault (CT1)
i | o fe= [Kiy 2 Curr Fault (CT2) ®
{"‘“ I . | ‘:"'J . [capacitor Fault (di/dt T1) (©)
HVPS OVLD (Shunt R10) ®
: Switch Status
000000000000000000000000

&ep 11: Close IGBT Switches aii | " Valid IGBT Modules 0
Step 12: Auto-ramp/Manual ctrl to HV SP LI CAP1 Current 0.00A
#1 HV ON L HV Margin |HV Setpoint|Kly2 Current 0.00A
#2 HV ON 0.50kV 0.00kV  |Kly HV Voltage Div1 -0.05kV
Tortrol i & Next -0.05kV

Kly HV Voltage Div2
-1 - - ‘ HVPS Current shuntR10_ 0.00AKE| EY LAB
- -

HV Dis-Con Switch Performance

[23{TP26 R10 FO

TP5 CAP dafk FO

00us ‘ [S00MS/5 H
+'l W-+v1.16000us | |10k points

(19 Jun 2014
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=
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Wire Test
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T (100MS/5 @ 5 120V
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Save Save Save
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Image

File
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Digital Low-Level RF system

Operational since 2017.3

« System configuration:

[ Lo et b1 LLRF FPGA
— 42 RF chan. ADCs EDs = i
) ooy e 5 DAC La-bit %
- Interpolate PHY DEC/;E“ Klyl o
— 2 DACs 2 Klystrons s == 1 J o 3 e[ :
y - oah én"set - pr 458.0 MHz
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— Non-I h | :
on-IQ synch. sampling Q) e L o[ = o) " T S
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gawtﬁ Rev — > boc AMP/PHS P
1] avi ev
- 4 F P GA, I n te rCO n n eCted égﬁ{{% E”;S ﬁsoao MHz 146t ADC ADC PHY oo Q.l.;xlz s
P er Osc L X12 172175 X12 ooty E
. - DDC GTX |
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*LO bLO QA
458.0 MHz
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N |
|
» 4 feedback loops: - oy |
\\__> DDC } Fast
2 ; 2 Ve T e A
° a m p I I tu d e p h a S e I OO p S Magic T Load F ﬁ?a 0 MHz 14-bit ADC Lol r Interlock
1) Circ2 Load Rev i3 CHAN ADC PHY "TX12 | (14)
Tl 2 e o | ey !
d d - d d Test Load 2 Fwd } v
° epen S On waveguiae mode TestLoad ZRey T poe ‘ ' — RE Permit
| e ) R
P, ool 3 = T
. | 3
- Fast RF interlocks - oy 3
- N -1 DDC \* ngser
: o D e !
- 42 RF power interlock BOUES T, | samoc R = | &
Gretlosdrua . x1o Mo | moi :
. Circl Out Rev } MAC
- 16 ARC interlock o | —
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- Mode dependent, PLC settable [ introck oA | | “epca
MODBUS RTU-TOPLC /1
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Digital Low Level RF System

Fast RF interlock

ktromix TDS 3054C Digital Phosphor Oscilloscope 4

Sec 1/5€¢
(s) (H2)

Ratio
(%)

Phase
)

W11.00%

f :.}n\‘r‘lunn Mode v Bar H Bar
V Bars Ind _Units Units
Seconds Base
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Interlock Type

ARC Detector

Unwraped Phase [deg]

Amplitude [kV]

Latency (us)
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S

Fault waveforms: e.g. Cavity Cell amp / phase
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Automatic system configurations for multi-mode operation

Integrated mechanical, LLRF, PLC, EPICS configurations for multi-mode high power RF

ALS SSRF LLRF

LLRF Control - SRRF:LLRF1:Loopl - o x LLRF Control - SRRF:LLRF1:Loop2 - o x

SRRF LLRF Control (Loop1) © Diagnostics -| RRF LLRF Control (Loop2) © Diagnostics - -|

- =] x
ALS SRRF LLRF Main screen RF Mode | DuaiDrive | et |
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Tested balanced klystron gain by equal cavity powers

Insertion Device gaps closed at full beam load (500 mA)

Kly1OutFwd
19:27, 148633

500
1
100000 151[}0{]0
1

300
1

0
I N A N S e
o

Kly20utFwd
19:27, 146744

beam_current

50000
I

ZII]O -
Kly20OutFwd KlylOutFwd

§— beam_current
19:27, 498
T
19:320

2021-09-27

Cavityl: 45.2 kW

Cavity2: 45.2 kW
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Tested different Klystron gains by unbalanced cavity powers

beam_current

'JN - . n S 18:30,499.4
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g
¥
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g
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4EIiG
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1

8.0

100
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- g Kly2 Current
o R e e L Rk sEEE 18:30; 6.61
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T
18:26

T T T 1 i_._f.:»: T T T
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Both Cavities Cavity 1 SP: Klystron 1 Mod-Anode ] Klystron 1 t K'llftStfon % MOd-tgf;i(\i/e
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Dual Klystron Drive Cavity Phase Control
Independent LLRF control of two klystron loops (total 4)

« 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;

9 Qs.stp IkH IGPF.LFB:SRAM:PEAKFREQ1
(3.25, 9) VAL-7.11876
(0, 360) VAL=0
Phase loop setpoint offset for dual mod
(0, 360) VAL-145
Phase loop setpoint offset for dual mod
SR:DCCT

ma

(0, 505) VAL=60.8338

LP FILTERED OUT
IGPF:LFB:SRAM:PEAKFREQZ

047093

kHz

Synchrotron
tune from LFB
notch

ALS SRRF DualDrive Mode

All PV have prefix of SRRF-LLAF1:
All phases in LLRF are relative to master oscillator gy

/ Loop1:DualPhsSetpOffset / 1
3\7

) 4
w1
L

Y

Slow Phase Loop 4;—7/;p:l’h559tp 4_’

Cavity Phase
Offset

T T T T 1
-10 -8 -6 -4 -2 20:27:24

Bep 27, 2021
(Minutes)

A Loop2:DualPhsSetpOifset
H 145°

¥
w1
L

h 4

LLRAF system

v
Y )
200mAT
" SR03S__ RFPHASAAMO0 \_‘/
o VUM

IGPF:LFB:FBELT:SERVO:DELTA
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