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Scope

 ALS’s RF Systems
* Injection System
e Electron Gun (125 MHz)
« GTL Bunchers
» 125 MHz Sub-Harmonic Buncher
» 500 MHz Sub-Harmonic Buncher
e 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)
« 3'"d Harmonic Cavities, passive (1.5 GHz)




Scope, continued

 ALS RF Teststand
* 66kW 500MHz Teststand
 Titanium-Nitride Window Coating System
« HOM Dampening
 Fundamental Cavities
3" Harmonic Cavities
« Storage Ring RF System Upgrade Plans
e Transmitter Installation (Step |)
 HVPS Modification (Step II)
e Crowbar Replacement with HV IGBT Switch
* LLRF Upgrade (Step IlI)




ALS’s RF Systems
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Linac RF Systems
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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
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E. Gun Electronics Equip Rack & Block Diagram
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E. Gun Rack (L101) Block Diagram 2
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E. Gun Pulse Train Generation
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Electron Gun Hot Deck, Gun Body, Cathode

Hot Deck
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125MHz Sub-Harmonic Buncher (GTL SHB1)
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Po = 100W max. CV.2222 DET. BUNCHER
&2 ~ 24KW pulse
50 OHM 50 OHM
HY1T —AAA— —AA\A— HY6 -——@——»
FROM
125MHz EIMAC
UNCHER BIRD Cv-2222
DRIVER WATTMETER , —
+28V MON.
AMP. SEE 23W2495
> 50 OHM 50 OHM
—» H
FILAMT. : HY3 —AAAN— —AANN— HY5
suppLY [ ¥
e — :
> H
— ‘
GRID >
supply [ ¥ TO
> cv2222s
L .
: ' EIMAC
— : CV-2222
Py skv > :
— suppLy [* PHATE —> :
DIST. [—» :
: NOTE: SEE 23W0643 FOR CV-2222 AMP.
—> : GAIN = ~15dB Po = ~ 6KW pulse power
ILc o

Advanced Light Source



500MHz Sub-Harmonic Buncher (GTL SHB?2)
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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

6 SECTION  -4.6 OHM PULSE

FORMING . .cTWORK (PFN)
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LINAC Modulators & Klystron
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LINAC Modulators & RF Timing

3 GHz SOLID STATE DRIVER RF 6uS

THYRATRON &
KLYSTRON TRIGGER

|

/ DC VOLTAGE ACROSS PFN

PFN RECHARGING

PFN DISCHARGED INTO PRIMARY OF
STEP-UP TRANSFORMER INTO Zo
PEAK VOLTAGE IS 1/2 OF DC VOLTAGE

KLYSTRON
PEAK VOLTAGE ~245KV
PEAK CURRENT ~245A

KLYSTRON RF OUTPUT ~1.5 uS

MOD. 1 20MW w/4MW

FOR S-BAND BUNCHER
MOD. 2 16MW
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LN AS1 (girder #2)
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LN AS2 (girder #3)
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Booster RF System
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Booster RF System Parameters for 1.9 GeV

Frequency (MHz)

Harmonic number

Peak effective voltage? (kV)

Beam current, multibunch mode (mA)
Synchrotron radiation loss, dipoles (kW)
Total effective shunt impedance, ZT? (MQ)
Fundamental-mode cavity dissipation (kW)
Waveguide and other lossesP (kW)

Total RF power (kW)

Total RF power installed (kW)

2 based on 66kW dissipation
b estimated to be < 0.2dB transmission loss & 4% RL for =1.5

499.64
125
813

66
3.1+2.6=5.7

/1.7

80




BRF System Block Diagram
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BRF System Block Diagram
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BRF Transmission Line Sketch
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BRF HPA/XMTR

Al, Acrodyne Industries CPIl, Communications &
(commercial broadcast transmitter, odified) Power Industries

(commercial broadcast 10T, K2 series, 80kW)

Gain >23 dB
Eff. >65 %

E, <36 kV
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BRF HVPS (High Voltage RF Pad, outside Bldg.6)

480VAC

3¢

To/From
Xmtr
PLC

Soft Start

Control,
Interlock &
Interface

SCR ; E 6 Pulse Output
Controller ; E Rectifier Filter
. HVDC
Oil Cooled/Insul Output
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Voltage
Reg

Oil Tank - +
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BRF Wave Guide Switch & HPA Test Load
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BRF Circulator & Reject Load
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BRF Cavity

DRIVE PORT

HOM PORT

BEAM PORT [ ; ,

] BEAM PORT

Q = 40,000 UNLOADED

ZT2~ 4.6 MOHM
(TRANSIT TIME CORRECTED)

PEAK VOLTAGE = 750KV
j rTUNER MAX. PWR. DISP. = 70KW

OPERATING TEMP. = 40°C

DRIVE PORT

152mm

120mm

245mmR
l PROBE
HOM PORT |:|: :I Rob:

BEAM PORT

TUNER

NOTE: DRAWING NOT TO SCALE

———» 100mm «——
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SR RF System
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Storage Ring RF System Parameters for 1.9 GeV

Frequency (MHz)

Harmonic number

Peak effective voltage (kV)

Beam current, multibunch mode (mA)
Synchrotron radiation loss, dipoles, ID (kW)
Power loss for 3" HC, parasitic mode (kW)
Total effective shunt impedance, ZT? (MQ)
Fundamental-mode cavity dissipation (kW)
Waveguide and other losses? (kW)

Total RF power (kW)

Total RF power installed (kW)

a estimated to be < 0.15dB transmission loss

499.64
328
656
400
132.5
8.1

5

43
7.5
234
330

499.64
328
693
500
165.6
8.6

5

48




Existing SR RF System Block Diagram
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Existing SR RF System Layout
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SR RF Cavities

DRIVE PORT

HOM PORT

BEAM PORT [

J BEAM PORT

Q = 40,000 UNLOADED

ZT?~ 4.6 MOHM
(TRANSIT TIME CORRECTED)

PEAK VOLTAGE = 750KV
TUNER MAX. PWR. DISP. = TOKW

OPERATING TEMP. = 40°C

DRIVE PCRT
162mm
120mm
245.""" R 48mm
l PROEBE
HOM PORT ] PORT
BEAM PORT
TUNER
s
NOTE: DRAWING NOTT0 SCALE

— ! 100
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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

1‘21W E-fHAfE

VOLTAGE REGLILATION
FEEDBACK FROM
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SYSTEM
: ELECTRO P ELECTRO
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: FDWER m’ TD : FEE e e e LN Y T r N RE RS S r TR R B e
: SuUPPLY CONTROL CIRCUIT P T TerTEImRTReaaees '
e A Do 5
: HEATER FAN -:
: DP?RATES OPERATES :
: BELOW 70°F ABOVE B0°F :
NOTE: PLEASE REFER TO THE INSTRUCTION MANUAL OF THE KLYSTRON HV DC POWER ; FOR E70387 ONLY !
SUPPLY SYSTEM BY ELECTRO ENGINEERING WORKS FOR DETAIL INFORMATION e ! Tt e :

ALS SR KLYSTRON HV POWER SUPPLY SYSTEM
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SR RF HVPS Filter & Crowbar System

HLYSTROM COMN, SWTICH

as 05

1mH
-56KV L e VA4 —— | P ' o (1)
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N

—-—n-"'"
q IGNITRON ﬂh\v'\i_ r L HEATER
CROWBAR UNIT CROWBAR TEST
:,.........__: 500 '@. SWITHE
= VO ERAN  2XERV CATHODE
VAL SW. e/} BKEDA bl
] : ! @

\

: : o
= — H
o g : ; CIRCUTT »
R FOCUS CoIL
) TTEST ‘ | | /
- [ IS . — RFINPUT
i L —L
GHTRON Mao. i"' ] HIPUT CAVITY
ANODE
TRt CONTROL — | I
l CIRCUIT [ ]
- L | o
FIHER OPTIC INTERFACE CANVITY
BEAM OVER CURRENT AT THE PRESENT TIME THE MOD.
gmﬂ ANDOE 1S NOT BENG USED TO /
CONTROL THE OUTFUT POWER A RE QUTPUT
o
1 \ /._ - COLLECTOR
| PHILLIP YK1305
_ — ]/

4 o

WOTE: PLEASE REFER TO FILE DRAWINGS FOR DETAI, CIRCUIT INFORMATION

SIMPLIFIED CIRCUIT DIAGRAM FOR THE ALS SR KLYSTRON AMPLIFIER \t
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SR RF HVPS
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3'd Harmonic (Landau) Cavities System

1.9 GeV STORAGE
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3'd Harmonic (Landau) Cavities System

15
Arc Menitor 1
Window \
‘ X Coupling
‘ Peort
Cooling
Channels N ‘
+ | +7
Beam Al 1 Beam
Port Port
Table 1- Harmomic caviiv sysiem pATARSTETS
Frequency 1.5 (zHz e
total voltaze 500 kV ah Tuner
bore diameter Som Nose Cones : g‘ﬁ \ Plunger
cavity BoQ* 804 - E
cale. O 27677 T AT
calc. B 121 MD S AR Linear
Bsx T0% 1.56 MO Actuator
ouber of cells 4
power per cell 301 KW
*“B=V42Pp
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3'd Harmonic (Landau) Cavities System
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Bldg. 27 RF Cavity Teststand, RF Window Development

ks
B

;

1T S 117

‘:1 1 L | L3 S A

N

1T

g A

Split WR1800 Waveguide to Cavity Transition
Current Design:

» 2 in SRRF operating at 43kwW 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 Iris Flange Profile A\ﬁt

(Daresbury), which is Capa/E)dIe of 40kW avg. 8: 010 3.2
vanced Light Source




Bldg. 27 RF Cavity Teststand, Titanium-Nitride Coating

T —
F/ . RF Window Coater, MC1 Coating Cycle (06/30/2000) Filament Wire Parameters

(Channel 112) Filament P.S Voltage (VAC)
50.000 (Channel 113) Filament P.S Current (AAC) 1400.000
(Channel 116) Vacuum Pressure (Torr)
45.000 (Channel 117) Filament Wire (Infra Red monitor) Temperature (°C) 1 1200.000
40.000 (Channel 900) Filament Wire Pow er (W)
E 35.000 + 1000.000 s
3 &
(@] M
= 30.000 %
o -+ 800.000 @
2 3
@ 25.000 =
& [
- + 600.000
® 20.000 g
2 8
€ 15.000 | F'\f \ 1400000 £
o D
g —
2 10.000 \
~5 x10torr -----> + 200.000
5.000 - \
0.000 T T T T 0.000
0 0.5 1 15 2 2.5
Time (Hrs)
1000 3 1 1
T |._.| LI N I I B B B | |6|/3|0 |_I_I|N|#|5 | L L L LA L L Coatlng thlckness
3 Ty (e} .
: - determined by Rutherford
L & ". X5 H
(e | Back Scattering (RBS)
| performed on site at
T LBNL.
| 500

Counts

This sample measured 15
angstroms. Our target
range is 10 — 20
angstroms.

TN N TN I N TN T [N T TR TN NN . " OO L, 2

L | LRI IBUBIT S TRITRITRTE (5 TSHTb] 811 \I'lf":l,: I (& : ] "" 400 600 800 1000 1200 1400 1600
N Energy (keV)
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Bldg. 27 RF Cavity Teststand, Power Test/Condition Window

il

o TP
Ji S mamy | [ B27 Cavity Teststand, 66kW @ 500MHz

* Identical cavity to Booster and Storage Ring

MC1 Power Test & Conditioning Cycle

80 1.80E-06
m Cavity Power (kW)
N & Cavity Vacuum (torr) | 1 60E-06
70 =l s
C L TITTL TTTTT e ]
5 i B = o .' + 1.40E-06
-, : = . =
» Power Conditioned in 24 F. '. =) m . | 120806 5
Hrs over a 4 day period. < 50 g a © x ©
< e o" + 1.00E-06 @
- ; $
* 21 Rev Pwr Trips wo SR ! sosey &
. z 00807 ¢
« 5 Vac Trips & 30 * 2
’ ¢ + 6.00E-07 £
- Window Temp ran < 80°C ~ » 8, & L S
. R . + 4.00E-07
0] = = :’ : < ¢ %oe
» I AN o %%,00000000 1 2.00E-07
z . '0 P :00 A ".w 600000000
0 T \, T T T T 0.00E+00
0 4 8 12 16 20 24
Time (hrs)
I.'B'H'N
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HOM Dampening in Fundamental Cavities

Ridged Waveguide Type

' ) ]
i
[ NP
-
8 Ro
. L g
20
g
T

ik T
4

Longitudinal Modes

Without damper With damper
F g Ra F Q Ra
MHz |- k() MHz - k0
4296 | 40400 | 5000 4298 | 20000 | 4040

09 | 38TO0 | 1870 8104 100 g1
1025.6 | 8250 2.8 | 10371 240 39
1310.8 | 10300 138 13278 180 4.3
L1534 | 4000 302 | 13795 113 1.1

L3521 | 5609 414 | 1340 £40 1.0
1808.5 | 2830 131 | 1804.5 240 1.1
LER3T | 14850 <6 | LERG2 540 1.5
21304 | 15500 588 | 21296 | 7MW | 251
1X71.6 | 1500 68 | 21743 1500 6.3
2150 27500 & 23481 | 16300 | 587
2850 33500 [42 2850 5360 | 228

Dipole Modes

_Without damper __With damper

.r.l : oy
Muode [Fy [Qa | Fe @ |Fu [Gw |Fv [Qn ' /—ﬁ
T [k [ = [k [ BE [k | M= (& .
AL |07 | 362 | o [+5% |72 [2E | Tos [ =3 L"BN"L

0 [ 511 (e [ oo [en |43 [we [ oe|| Advanced Light Source
1123 | 78 | 0195 [ 361 |8 |21 |19 |51
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HOM Dampening in Fundamental Cavities

SHUNT IMPEDANCE [OHN

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

0.5 0.81 1.03 1.33 138 1.56 1.81 1.89 2.13 2.27 235 2.45 2.85GHz

| . §

10000000

1000000 -

100000 -

10000

|

1000

TT 1T
I | I

100 -

10

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

/Z_?
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HOM Dampening in 3"9 Harmonic Cavities

Single odd longitudinal mode (TM,,,) effectively
damped by one E-type damper
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Storage Ring RF System Upgrade

* Transmitter Installation (Step 1)

 HVPS Modification (Step 1)
» Crowbar Replacement with HV IGBT
Switch

* LLRF Upgrade (Step llI)

Advanced Light Source



UPGRADE: STEP | (2009 SHUTDOWN)
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UPGRADE: STEP | (2009 SHUTDOWN)

Al, Acrodyne Industries CPIl, Communications &
(commerual broadcast transmitter, modified) Power Industries

— I1

(commercial broadcast 10T, K5 series, 90kW)

Gain >23 dB
Eff. >70 %

E, <40 kV
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UPGRADE: STEP Il (2010 SHUTDOWN)
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Level RF
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Ready: It
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UPGRADE: STEP Il (2011 SHUTDOWN)

System PLC Controller:
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High Voltage Power Supply & HV Switch Upgrade

» High Voltage Power Supply for the Y1305 Philips Klystron
» Classical layout, 12 pulses rectifier with a VVoltage Variable Transformer (VVT)
» DC Output Voltage regulated from -30 to -56kV with stability within +/-0.5%
» Current Rating of the unitis 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 10T 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 H@%
Voltage Disconnect Switch (HVDS), Light Source —m ——— vew




Crowbar System Replaced by IGBT Based HVDS

« 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

n IXYS Advance Technical Data
Very High Voltage IXEL40N400 Vies = 4000V
| = 40 A
IGBT e = Lo v
CE(sat) - -
. L) 450 ns

E

Symbol Test Conditions Maximum Ratings ISOPLUSi5(HV)
Voo, T, =25°C to 125°C 4000 v

Viaes Continuous 20 W

leso T, =90°C 40 A

Lo Limited by T, 170 A

Pe T, = 25°C 380 W

T, 40 #1125 °G

To 125 °G

Ty 40 . +125 °C

Maximum Lead temperature for soldering 300 G

1.6 mm (0.062 in.) from case for 10 s

Maximum Tab temperature for soldering SMD devices for 10 s 260 °C

F. Mounting Force 30170/ 7._36 MN/D

Vi, oo, < 1 MA, 50/60 Hz, t = 1 minute 2500 v~  Features
Weight 10 g  * High current handling capability

Advanced Light Source

* MOS Gate turn-on
- drive simplicity
* Rugged NPT structure




ALS DISCONNECT SWITCH IGBT DRIVER BOARD
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Driver Board Power Supply Unit

ALS Disconnect Switch Driver Power Supply Audio generator
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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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