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Status of the ALS and APEX RF
Systems at LBNL

RF Group: K. Baptiste, S. Kwiatkowski (retired),
Q. Du, M. Vinco, J. Julian (retired)

ME Group: P. McKean (retired), G. Harris
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m Scope

* ALS RF Systems
* Injection System
* Electron Gun (125 MHz)
* GTL Sub-Harmonic Bunchers (125 MHz & 500 MHz)
« S-Band Linac Modulators (2.998GHz)
» Booster RF System (500 MHz)
 Storage Ring
 Storage Ring RF System (500 MHz)
« SRRF Reliability
« 3"d Harmonic Cavities
« APEX RF Systems
* VHF Photo-Cathode Gun
 L-Band Buncher

* L-Band Linac Modulator
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ALS’s RF Systems

I
\ oot 1.9 GeV STORAGE
=48 RING SYNCHROTRON

1.9 GeV BOOSTER
SYNCHROTRON
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Injection System — Electron Gun & Linac

Electron 125 MHz 500 MHz 3 GHz Acceleration Acceleration
Gun Buncher Buncher Buncher Guide #1 Guide #1

n \
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Gun thru 3 GHz LINAC RF System
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E. Gun Electronics Rack & Block Diagram

E. Gun Rack (LI101)

In Service: 1989
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B Cathode Lifetime: ~4 yrs

.25 MHz RF SIGNAL

& Gun Pulse
Cwee[ L Generation

GATED RF SIGNAL f DRIVER AMP. QUTPUT :

NEG. GRID BIAS

r VAR VARVEARV A
Gun Electr. Cart, Hot Deck
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125 MHz & 500 MHz Sub-Harmonic Bunchers

Cv-2222

SOLID STATE 125 MHz AMP.
KALMUS 162F

GAIN =50dB TO 125MHz

BUNCHER

EIMAG VIREO
CvV-2222 DET.

| e mm_ : 4 “o ~ 24KW pulse
| = FROM

| ; ] 125MHz

1 " s UNCHER BIRD

| PRIVER WATTMETER L

= 100W max.

» 50 OHM 50 OHM
‘ 0 Y3 —AAAN— AN HYS

TO
CV-2222s

EIMAC

] ] o 2222
‘ ; ﬁ -E @ " \“ ' $ ‘ > oEE 2aN4es
11 Sl &‘ ’ )

- : V2222
Sty Ky :
JRS— —% PLATE |—
SUPPLY DIST. |——p
. . NOTE: SEE 23W0643 FOR CV-2222 AMP.
— GAIN = ~15dB Po = ~ 6KW pulse power
ILC

Maintenance ltems:

- Amplifier Air Cooling
« SS Drive amplifier

« HVPS
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Sub-Harmonic Buncher Amplifiers

125 MHz 500 MHz
Cavity Amplifier Cavity Amplifier
[

L : : o
Eimac 3CPX800A7 Eimac CV-2404
Triode
Gain = 15dB
Up to 20kW Pulse, 6 kW

In service: 1989
Lifetime: 10-25 yrs
Cost: $1550 ea
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LINAC PFN Modulators

MUDULATOR 2

Thales TV-2002 DoD: 24MW, 2us, 1 F Failures:

Lifetime: Mod #1: 17 yrs, 10 yrs @'-\ « Thyratron CX-1666
Mod #2: 9 yrs, 14 yrs, 2 @ HV Caps
« HVPS & Cable

In Service: 1989 Low Gain Klystrons - Focus PS & Magnets
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m Booster Ring RF Parameters for 1.9 GeV

Present
Beam current 4 mA
Dipoles Radiation < 5 kW
Cavity Dissipation 43 kW
W.G. & other losses < 6 kW
Total RF Power Reqgr’d 54 kW
Total RF Power Installed 80 kW
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Booster Ring RF System

Mega Ind. WR- Qutside Booster Tunn " Inside Booster Tunnel
1500 80KW Water < ”o éa/ ! “
Dielectric Comm. / Loads, 16gpm X &
DPDT WR-15Q0 66
Switch /\/\/\/ WR-1500 Dua e‘
Coupler \
@ oad
R F
80 kW O“Shdmg Bifurcated Matcher
10T 6 1/8" Coax L|ne
RF Window &
Split Wave Guide \
ction

6 1/8" Coax Line ?th g
Dual Coupler Q ircul W Dual Coupler ii ' :_ __: 1
]
. ' I
Ratings: ‘o . Coax to ®© 0 E E | |
6 1/8" Coax: 80 kW Avg. O\Q L C’VR1800 ' ' ]
e " Coax Line
Cavity
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Booster Ring RF Amplifier

Commercial IOT Based Broadcast TV Transmitter (modified)

Trig'd

A 1.06Y A Trigger
@: —-4.00mVy Sougge

Chi

Chz

Cavity Power, 54 kW pk

Ext

Ext/10

¢ Bicht zoov  @IE 200mV . M100ms A Chl 5 248V i

10f 2

= L 10,40 %
" * Source Coupling Slo
] ype pe
: mge Chi DC E 4

Mode
2L_ ivset, Normal

DOOR INTERLOCKED g
& Holdotf &

Failures:

Grid Bias PS

HV Cable which led to an IOT failure
HV Isolation Transformer

Thyratron

In Service: 2006
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m IOT Amplifier
CPI CHK2800W

CPI K2H80W Specification:
Tuning Range: 473-750 MHz 470-860 MHz 80 kW CW
130 kW pk

Gain = > 23dB
Eff. > 65%

Operating Parameters

V, = 32.1kV

|, =2.8A

Eff = 60.3%

Gain = 23.1 dB

RF Out = 54 kW pk

IOT #1: 3 yrs (18k hrs) Failed due to poisoned cathode from HV cable fauit
IOT #2: 7+ yrs (+45K hrs)
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m SR Ring RF System Parameters for 1.9 GeV

Present Future
Beam current (mA) 500 500
Number of Insertion Devices 11 > 13
Gap Positions Nom Min Nom Min
Dipoles Radiation (kW) 142 142 142 142
Insertion Device Radiation (kW) 25 46 mm—)>/6 55
Power Loss for 34 HC (kW) 6 9 9 9
Cavity Dissipation (x2) (kW) 43)50 50 53
W.G. & other losses (kW) /10 /10 0/12
Total RF Power Reqr’d (kW) 305-> 93)305 (304)322|
Total RF Power Installed (kW) 300 300 ~360 ~360
Cav/Window Power Limit (kW) 330 330
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Upgraded SR RF System

- P System PLC Controller:
54/50 kV @ 14.5/16 A |«——»|  HVPSIntrlks, HVPS
HVPS Control, HPA Control
Tuner
Filter & Discon-Switch Control
Motorized W/G
LLRF Switches (5)
Digital Board Analog Board
-
< g REFL 4 E =
£ &
g e | =
> .
w é CELL B E = 1
©
DLLRF | &
5 23
8 IZa ]
to be | Y
= A Fil. PS 400kW 225kW
installed Mod-A
Digital Board Analog Board
Jan-2017 o 300 kW Blagk
g = " E‘K Cir.
x Klystron ) AP\ Type N
Port
R o < LB ﬁ_;—;.; 200kW
8 4
[T g W‘lMF | - Tuner
= = Control
2 CELL ‘m & - 1
IZE N |

FREF 2 WAY 2WAY ™ .
500MHz | L gt il ALS Storage Ring RF System Y
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Advanced Light Source
An Office of Science User Facility 9th CWRF Workshop - ESRF, June 21-25, 2016




Waveguide Switch Matrix

Phase llla |
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Digital LLRF & Controls
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m SR Klystron, Thales 2161L

Operational Hours

« Black Heat 4773
- Standby 29605
« HV 29126
 Transmit 27736

Klystron Operating Parameters

e V,=-53.1kV [, =9.55A

- V, =328 kV I, =1.6 mA

« Eff =51.53% Gain =41.41 dB

- WP =1.61 RF Output = 261.7 kW

In Service: 2012

.

Failures:

 Mod-Anode PS
 PLC SP zeroing
 Filter Capacitor

Advanced Light Source
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SR RF Reliability

Percentage of Scheduled Beam Time Lost to SRRF & Non-Latching Faults by Fiscal Year

1.20%

1.00%

0.80%

0.60%

0.40% -

0.20% - - ___I_____ - - l
0.00% - l I I

FY1 999 FY2000 FY2001 FY2002 FY2003 FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY201 0 FY201 1 FY201 2 FY201 3 FY201 4 FY2015 FY2016™

* Data for partial year
Goal for SRRF system based on 5000 hours of User Beam time: 0.3%
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SRRF Reliabilty

SRRF Faults, MTBF (in hours): Mean time between faults, FY2004 - FY2016*

700.0

600.0
500.0 - I

400.0
300.0
200.0
0.0 T . . . . T T T T . . .

FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 *

* Data for partial year
Goal for SRRF system based on 5000 hours of User Beam time: 500 hrs
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SR RF Reliability

SRRF Faults, MTTR (in minutes): Mean time to recovery, FY2004 - FY2016*

400

350

300

250

200

150
100 -

50

OIIII 11k 1

FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 Fy2016*
. .
Data for partial year

Goal for SRRF system based on 5000 hours of User Beam time: 1.5 hrs
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3rd Harmonic Cavities (passive)

Arc Monitor

Window
g % Coupling
Port
Cooling
Channels § §
+ | +
Beam K\ Beam
Port KJ Port
Table 1- Hammonic cavity sysiem parameters P
Fraguency 1.5 GHz - A , =
total voltage 500 kV Vi :
bore diameter 5cm e Tuner
cavity R'Q* 804 Jones - - Plunger
calc. Q 37677 é ? :
calc. Rs 223 MO | ;
Bsx 70% 1.56 MQ Ve Linear
aumber of cells 3 Ll Actuator
power per cell 501 kW
*2=V-2P
Failures:

« Vacuum Feedthru

Advanced Light Source
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APEX RF (Advanced Photocathode Experiment)

Transverse
/; tance peflecting
HE-Gun Emit .
Vacuum // \l’/ guncher asur ement slits Cavity Sp edmmeter
Loadlock _ sab Mme ‘,z

\

Bas

Repetition rate Up to~1 MHz
Charge per bunch ~10 - 300 pC | Different modes of operation
Normalized emittance ~0.2-0.6 pm | Lower value for lower charge
Beam energy at the gun exit >~ 500 keV For controlling space charge
Cathode electric field at >~ 10 MV/m Space charge limit; maximum
photoemission brightness limit
Bunch length and shape control From Space charge control; different
<1to~60ps | modes of operation
Cathode/gun area magnetic field Emittance compensation;
compatibility (exotic modes)
Dark current at nominal gun energy <~1pA SRF quencing; rad. damage
Operational vacuum pressure ~101° -10° Torr | High QE cathode lifetime
Loadlock cathode vacuum system “Quick” cathode exchange
Reliability High (>~98%) | Required for an user facility

Advanced Light Source
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APEX RF Systems

Linac
Gun

L-Band Bunchr L-
Klystron Band SSA V:Fm:?itfriﬁe
Modulator 4x25kwCw kW CW
25 MW, 10 us x 60 ¢

Advanced Light Source
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APEX Gun RF Tetrode Amplifier System

perational Hours

Tube #1 Tube #2 e((\
- Black Heat 30027 29895 A \ X
. Standby 7348 7300 X0 '\eG
. HV 5007 1957 _\(\O <8 o)
. Transmit 4910 486@05 . ©
Tetrode TH 571B Paramete®® \le(
« V,=9.7kV l,= 7.47 A ‘(
. V =692V ;= 165 mA
+ V,=-140V = 10mA

I
g
« Eff =62.5% RF Out = 45 kW

Failures:

« Filament PS

« SSA Drive Amp Fan Control
« SSA Drive Amp PS Fail Intrlk
« SSA Drive Amp Pre-Amp

« SSA Drive Amp Output Module
HV Current Limiting Resistors

Advanced Light Source
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APEX Buncher SSA RF Amplifier

Operation:
« 2.0 kW
« ~200 hrs
I O0O0000000D0A0O0EO0
IIIIlI’IIIllllIll!l:UIHIHIIH:IIHHHIIM Parameters:
.llﬁlﬁum||u:mmmmjummm i . 1.3 GHz
.|||T|?|-um|||ljlj@mmujmuumm . 25KkWCW
- AB Linear

| ! | ' %es:
z ,;.:.'....;3;«;;;;':;";:" Logic card modification

In Service: 2015

Advanced Light Source
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APEX Linac RF System (Klystron and Modulator)

Solid State L-Band Modulator

Advanced Light Source

b b &) &) b

In Service: 2015

25 MW - 10 ps
10 Hz

Operation:

1-10 Hz

25 MW pk
250 W avg
10 us pulse
~300 hrs

Parameters:

1.3 GHz
25 MW pk
25 kW avg
10 us pulse

Failures:

PARTMENT OF

Harmonic
output

~

e ATS

An Office of Science User Facility

9th CWRF Workshop - ESRF, June 21-25, 2016

BERKELEYLAB oV



APEX RF (Advanced Photocathode Experiment)

__
ModBus

400A VHF HPA (120kW) "1cp Enbl

I ] AC Distribution
il SSA >_6_> Tetrode A3
Lockable
Facility S odkable | | LLRF S
480VAC SW CB, Transformers, Contactors Assy
§ o - -9-’
1 1 1 1 1 "
SSA
FillHeater PS  Grid PS A2 >—e—> Tetrode A4

Screen PS Crowbar I

Cooling  PLC Controls /'/ /[

Lockable [ | HVDC PS
Dis-Con |1 0-12kV @

SW
— 21A Laser

Tuner Plate

‘ Bucking
Solenoid

Beam Exit
Port

Advanced Light Source
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Tuner Plate

Bucking
Solenoid

Cathode ]
Injection/Extraction

Beam Exit
Channel

Port

Missing from measurements,
additional ~5” for length of
coupling loop

This hole is at a
current node. The
copper is melting
here not arcing.

Advanced Light Source e
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APEX RF (Advanced Photocathode Experiment)

EHT (Enhanced Heat Transfer coax line) rating from
IR TRTY PRI company:
R De-rating for 0 PSIG in line = 0.885
Average Power Rating = 89 kW derated to 78 kW

’ o b *Air side.j,[ T !u‘ 3 # Peak Voltage Rating = 13 kV
' Copper transition . - Peak Power Rating = 3,685 kW (Ppk = Vpk*2/Z0). Not

» specified for how long.

, £ \ I APEX max operation conditions:
" b ltECES Power per coax line = 60 kW CW max (50 kW nominal).

Peak Voltage in line = 1.414*sqrt(Pavg * Zo) =
1.414*sqrt(60000 * 50) = 2.45 kV

Peak Power in line = Vpk~*2/Zo = 244972 / 50 = 120 kW

. Peak Power in line from standing wave: Vpk = 4.9kV, Ppk =

The RF power remained ON for > 4 minutes
in this condition due to improperly
configured intrlks and a lack of
synchronization when in pulse mode. Many
watt-seconds were delivered during this
time.

These arc marks are at a voltage maxima.
There is no sigh of overheating due to
high currents. This arcing being ~3” from
window would then be at 19” - ~3” =167,
~ Ape/4
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m APEX RF (Advanced Photocathode Experiment)

Thank you
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