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@Cﬂ)m 1. General characteristics @

Rise time fall time

Pulsed converters whenever possible: /
- Flat-top (precision): 1.2 ms; w r
- Pulse width: 1.5ms; Flattop "
- Repetition rate: 2 Hz; -

' Pul dth
- Cooling: Air (natural or forced) ulsewidt
Power converter controls:
- Standard PO local controller: FGC3 (Function Generator and Controller)
- Remote controls: WorldFiP field bus based architecture

Note: For the 3 MeV Front-End power converters:
(Linac 4 as PS Booster injector operation only)

- Flat-top: 600 us
- Pulse width: 800 ps;
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Three main sectors in the machine:

- 3 MeV front end (0 -> 3MeV);

- Linac4 machine (3MeV -> 180MeV);

- Transfer line to PS Booster (PSB) and Booster Injection (Bl)

3 MeV 40 Mew 90 MeV Mewv

- CCD11L
353 MHz -.|q-m4 WMHz

3 MeV Front End power converters: | | Linac4 machine power converters: Transfer Line to PSB and
- HV DC, for H- source; (x4) - Klystron Modulators; (x13) | | Bl power converters:
- Klystron Modulator for RFQ;  (x1) - Pulsed, for quadrupole magnets; - Pulsed, for Bending
- Pulsed, for quadrupole magnet(x11) (x23) magnets; (x2)
- DC for Steering magnets; (x7) - Pulsed, for Steering magnets; (x30) - Pulsed, for quadrupole
- Pulsed, for solenoid magnets; (x2) magnets; (x17)
(x ..) — quantities without spares - Pulsed, for Steering
: magnets; (x10)
Total: 105 magnet power converters + 15 klystron modulators éPulsed 20KA, for Bl( 5
epta; X
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@ CERN) > Klystron modulators configurations @

1. Single for LEP Kklystrons 2. Double for LEP Klystrons 3. Single for “new” klystrons
%
Modulat ¢x Modulator N Modulator
odulator /Xf)'q

Filament Filament Filament
.
| Anod l Anode
Mr(])?!ee Mode

Anode
Mode

Filament
heater

Cathode pulser
Cathode pulser
Cathode pulser

Modulator

4.8 MW

@
(—% Optional
Only one type of modulator o Modules
for all the Linac 4 klystron E e (Confs 1 & 2)
b Ote ] L
configurations g e
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Cathodes power supply

- Pulse width: 1.5ms Rise tm fall time

- Flat-top duration 1.2ms

- Precision at flat-top: <1%

- HF ripple at flat-top: <0.1% -

- Repetition rate: 2 Hz Flat-top time
- Nominal voltage: 120kV (¥)

- Nominal current: 2x20A (¥ Pulse width

- Rise/fall times: 150us

- Cooling: Air (natural or forced)

- Maximum energy in case of arc: <201

Anode Mode polarization power supplies

- Stability at flat-top: <1%

- HF ripple at flat-top: <0.1%

- i . *

B mgm:::: \ég:,trae%?_ o cathode : goml;\\/ E*; (*) to be confirmed, taking the new

klystrons design into consideration

Filament heater power supplies

- Stability and ripple: <1%
- Nominal voltage: 30V ()
- Nominal current: 35A ()

- Floating withstand voltage to ground: 180kVdc for 1 min.
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Prototype (3 MeV Test Stand)

QbP?| Single LEP klystron configuration for RFQ >

PS1, PS3, PS4 - Commercial
PS2 - CERN made
——— 120 kV High voltage cables

[= 120KV High voltage connectors

Main solid state
switches

12kvmax
oRivE

Capacitor
discharge
_y system

s 0.
[ E

Capacitor bank charger
power converter, PS1

Bouncer

PULSE
TRANSFORMER
(OIL TANK)

Anode power  Filament power
converter, PS3 _converter, PS4

MIEE

N

I

E

-120 kV
max e —

"

=

A KLYSTRON

-
Lec

Hign Frequency
2 ISOLATION
, RANSFORMER

(OIL TANK)
N A - Anode;
AL C - Collector;
K - Cathode;
F - Filament

A global klystron supply

Cathode voltage

‘ Cathode voltage (zoom at flat-top) ‘

solution: 120 107 -
(Cathode Anode 100 \ 105 ithout bauncer
) )
" . 80
< 60Q0us s
Filament) in one system S e [ p L > s — :::::*:E@
s \ I With bg
2
0 97
20 E
0E«00 2604 4E04 6EO4 8E04 1E03 1E03 2604  0B0 2604 4B GEGC  BEO
time (s) time (s)
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3. Power converters for steering
magnets

* 600V, +/-20A;
* pulsed 2Hz;
« flat-top duration: 1.2 ms;

« flat-top precision: ~1000 ppm;

Y/

y ARSI R,

Standard
CERN design

Il

6 units

193U per rack

i ;‘\m\

WE TEV WG At LIV

29 Jan 2008

Power Converters for Linac 4 - Carlos A. Martins 8




CERN| 4. Power converters for quadrupole @w
abPd| magnets »Z

* 1 kV, 200A;

* pulsed 2 Hz;

« flat-top duration: 1.2 ms (Linac 4 machine+TL)
600us (3 MeV Front End)

« flat-top precision: ~1000 ppm

3 units
per rack

T — P 7 = ) I e—-
) . Standard
CERN design
230 Wae Dpld;kzm‘bg A magnet
Paveer Supply —
== W :
Ve, 7
. < { Gaisy Cuiver |
- s = | current
o 300A
Joar — " ims i
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CERN| 5. Power converters for Transfer Line @w

abPd| Bending magnets >
« 250V, 1000A; el crdean

* pulsed 2 Hz;
« flat-top duration: ~100 ms;
« precision at flat-top: ~100 ppm

Filter

N Standard
CERN design Main 3Phase

Circuit ransformer
Braker

Magnet current zero crossin /J*}rsl
—lout

6
5 Arbitrary
[ current
T function
6 ()

037 038 039 040 041 042 043 generation

Voltage at the output of each sub-converter | — VOUtA
H /, —Vouts

=> 600V
hhbblbornwa

5

)
037 038 039 040 041 042 0.4
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QbPI| Injection Septa magnets bz

* 300V, 20KA,;

* pulsed 2 Hz;

« flat-top duration: 600ys;

« precision at flat-top: ~1000 ppm

HIGH VOLTAGE N P
Vi

L

CHARGING CIRCUIT

I
2= | MATCHING

MAINS
TRANSFORMER

,,,,,,

Septa current

Traditional thyristor technology

New topology under study, based on new semiconductor technology, more
compact and less expensive for long pulses

@V CERN| 6. Power converters for Booster @w
)\
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QLPD| Front End

CERN| 7. Power converters for the 3 MeV Y
&

- All the existing 3 MeV Test Stand converters will be re-used for the Linac 4 3-MeV
Front End, except the RFQ klystron modulator

- New universal controls system to be installed: FGC 3 + WorldFip
- Flat-top is limited to 600us

Existing power converters at the 3 MeV Test Stand to be refurbished

Power converters for
quadrupoles (MaxiDisCap)
powerconuerers forSoeracs (1 2008 SOouabe) 1 Eoue ST lon Y powercoerr o
(2kV,2kA, 600us / 2Hz ) + steerers / bendings (22 kV, 300mA, pDC) P
(35V, 20A, DC) ' '

(60 kV, 2mA, DC)

_——

R\

e

- %

7
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Power converters list

353 MHz —ma— 704 Mz

Power Converter type  [Section(s) in the machine Ratings Qty (*) [Total (¥)
HV, DC H- Source 60kV, 2mA, DC 1
22kV, 300mA, DC 4
2kV, 1A, DC
500V, 200mA, DC
LPSS Chopper line steering magnets 35V, 20A, DC 1
LPSSbip LEBT steering magnets 20V, 10A, DC 3 3
LPS2 LEBT bending magnets 35V, 50A, DC 1 1
MaxiDisCap Chopper line quadrupole magnets 1KV, 200A, 600us / 2Hz 11 11
MiniDisCap DTL, CCDTL, PIM$ steerering magnets 600V, 20A, 1.2 ms / 2Hz 30 40
Transfer line steering magnets 10
MaxiDisCap DTL, CCD‘TL, PIMS quadrupole magnets 1KV, 200A, 1.2ms / 2 Hz 23 20
Transfer line quadrupole magnets 17
HardSwitching Transfer line bending magnets 250V, 1000A, funct/ 2Hz 2 2
[HighCurrentDisCap Booster Injection Septa magnets 300V, 20kA, 600us / 2Hz 3 3
Grand Total (*) 105
(*) - Spares not included
N . . . * *
|Klystron modulators  |Section(s) in the machine Ratings Qty (*) [Total (*)
|Klystron Modulators RFQ, DTL, CCDTL, PIMS 120kV, 40A, 1.2ms / 2Hz 14 14

(*) - Spares not included
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8. Installation layout in the building

Level 0

Klystron
modulators

Transfer line

Linac 4 - machine

3 MeV Front End

3 MeV
Front End

|1

converters

converters

converters
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A significant work has been carried out in the last decade at CERN, to develop pulsed
power converters for magnets (quadrupoles, steerers, septa, bendings), however pulse
flat-tops were always below ~600 us;

The klystron modulator prototype (3 MeV Front End RFQ) is also limited to 600us flat-top,
and the peak power is < 50% of the Linac 4 ones.

The 3 MeV Test Stand power converters will be re-used for the Linac 4 machine 3 MeV
Front End, however operation is limited to 600us flat-top;

The passage from the 600us to 1.2ms flat-top is a main issue and requires re-
engineering and new prototyping for a majority of systems;

Engineering review for the steering and quadrupole power converters needed:
1. Integration of the new FGC3 remote controller;
2. New dimensioning of components for operation at larger pulses (1.2 ms flat-top);

Call for tendering and contracting follow-up for industrial series production to be launched,;

The great challenges will be:
1. Development of the new 20kA power converters for Booster Injection Septa;
2. Development of the long pulse klystron modulators (120kV, 40A, 1.2ms flat-top /
2H7);

29 Jan 2008 Power Converters for Linac 4 - Carlos A. Martins 15




