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© 10 MW Multi-Beam Klystron

Specifications (Toshiba E3736)

* Operating Frequency
* RF Pulse Width

* Peak Output Power

* Number of Beams
 Beam Voltage

e Beam Current

e Micro-Perveance

* Repetition Rate

e Efficiency

1.3 GHz
1.5 ms
10 MW
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NIILRAEBRDOHER (TDR)
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Parameter Unit  Specification

Output voltage kV

SEIHER1.65 ms., FIHE +0.5% Output current A
«—> Pulse width ms
E[E-120kV. T 140A Pulse repetition frequency Hz

_________________ Max. average power kW

120
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4 Output pulse flat-top %
Pulse-to-pulse voltage fluctuation %
Energy deposited into klystron during a gun spark J
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Klystron Voltage [KV]
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Es=9.6 kV, Pw=1.70 ms, fr=5 pps
Td=456 ps 20% droop = 0.5%

Rise-time(10-90%)=0.92 s
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e Classic Marx circuit (19234 Erwin MarxIZ &5 FHR)
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P2 - Marx Modulator(SLAC)

« SLAC P2 Marx Cell

Cell

-4kV | -1kV Out
Out | Out Q1 Q2 |
{ § o O
Ea N
h 1 1
Yy | Q3 +__ 50 HF
> » ~ v
875 LF {/k* |
T T+
-4kV | -1kV Cell
| I > (] |
ntin Yo EE R n
n Sample 21 Acas 25Feb 10 17:41:01 |
Cell Output Current
Main IGBT V,
PWM Inductor Current

3phase
480V

4.2kV
DC . Marx
1.2kV Modulator  |pulsed RF
DC Power : 120kV Klystron out
DC > >
Supply )
32 Cells

3.75 kV Nominal Cell Voltage

N+2 Redundancy (4 kV Max)

350 yF Cell Capacitance

One-cell 20% Droop Compensation

Active, closed-loop control regulates output
voltage

Air Cooling/Insulating(No oil)
Independent Charging Supplies
FPGA-based Diagnostic/Control Module



Marx cell : 22.7 Kg

e

Marx Modulator(SLAC)
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168 cm D
347 cm W

283 cmH

Layout
Easy access

Oil-free
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Performance

Total Modulator Voltage (kV)
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» DC to pulse efficiency of >94%
» Active regulation demonstrated

Total Modulator Voltage (kV)
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P2 - Marx Modulator(SLAC)
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* Pulse to pulse stability <500ppm
(not yet fully characterized)
* Ongoing fault/life testing
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420V Marx Unit
50 Hz 550V AC/2kVDC/Flat Pulse
3¢ 20 kHz -6.4 kV, 140 A, 1.7ms,

10kW 5Hz 17
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Size 1.6 m(D) x 3.3 m(W) x 2.3m(H)
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Marx cell parameters

Parameter Value

©O Marx Cell(Ex)

Marx Cell

Input voltage -2.0 kV Tk .
Output voltage -1.6 kv | wuw;“” i)

. F Ite L e
Capacitor voltage droop 20% mm
PWM frequency 50 kHz

= SIC FE 3P2S SiCISBL 28 IGB
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SiC FET 3P2S
IGBT *"3F

656qu :1.33uF SiC SBD 2%}

N
|

— 5500

i 400mm=300mmx75mm(H)

*SiC power devices(1.2 kV FET, SBD)
“HAEHNZNE:93%.

Circuit diagram of Marx cell
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——SiC_FET_## 55 [mJ)
—Si_IGBT_3i&%=[mJ)

ON 50
0.2 € > 60 0.2 60
0 I~ I 40 0 P — 40 e
-0.2 20 0.2 20
5 30
$-0.4 0 304 +—-P 0 g E
- - -
8-0.6 20 g 8-0.6 20§ 85 ]
0.8 403 g»os 403
-1.0 60 -1.0 P r— 60 10
-1.2 —IGBTR T 80 -1.2 p— S 80
—IGBT = /i —FET® % 0
14 -, /i -100 1.4 FET = 7it -100 0
0 10 20 310 40 50 0 10 20 30 40 50
Time[us Time[us])

Si  IGBT:IXGK75N250 SiC FET:SCH2080KE
2500V, 75A 1200V, 40A
2S3P

*Frequency:50 kHz, Duty cycle :75%. Charging voltage :1 kV

25 30

Switching loss(1 cycle)

20
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Marx unit
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MARX-CELL 4 i cheree 6.4kv
Chopper
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apacitor| =< -Order
{oek = Control Board
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€ [ CPU
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1 Dis-Ch. - k-
MARX-CELL2 | ow<"ree 3.2kv = A
i< o|
5 \o, (S:CV 9 Chopper
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T
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Capacitor] o FPGA
- — - -
I S
I "
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B
i 0|
CI Chopper PWMZ_
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BUS VoItaJa
-2|‘[ Bank = ePwMi—
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Marx cell (SteEZdown converter)

Block diagram of Marx unit

Marx unit parameters
Input voltage 2.0 kV
Output voltage -6.4 kV
Capacitor droop 20%

Number of Marx cell 4

wowow o a

455mmx650mmx382mm(H) 21
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Charging Pulsing
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DC T_V'N i SWe, T R1 -2kV T L3
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(input) Charging switch OFF

: : Chopping switch(50kHz)
Chopping switch OFF Charging switch ON 22
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Droop ratio: 20%

PWM duty cycle is increased from 76% to

95% in proportion to time.
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e 11
Order
0 =5H.
(o ] |
1000 |l ' ”H ‘ ‘H‘“H WW“W ? “ —k—2us 10
ARV AR . ({41 " ' HwWL‘“V',WWW!Mmm.u,l P ey Frequm 0w
-2000 VOV R R Duty_Start Duty_Stop
PWMI et o e o on on o o -
CELL S 1
—-3000 —1st stage voltage Dis-Charge .
% —2nd stage voltage — |F90 00o— k——
8-4000 3rd stage voltage - Sli\;vgg _I—LI—LI— ------ -I.I_I.I__I
§ 4th stage voltage Dis-Charge =1 vl
5000 —Output voltage |& ______ 18002  k—
CELL 5!2“23 — I | I | I " " |
Dis-Charge |%2700
-6000 — 2700y |
CELL sizggi —_ I | I | I " " |
-7000 Dis-Charge
0 02 04 06 08 1 12 14 16 18 2 Pulse Width=1.7ms
Time[ms]

Ripple ratio : 52% > 6%(for Marx unit) Each cell gate signal is shifted by 90 degrees.

24220y HEEHRHELT)YTIEERT S,

24
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@ Klystron voltage and current waveforms
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82kV, 46A, 1.7ms, Ripple 0.3%, Duty cycle 86-97%, Flatness 1%(p-p), Charging
voltage 1200V 20
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F1—F Lt : 86 %~97 % Fa1—F 1Lt : 40%—>60%—>70%
—75%—>79%—>81%~97%
- BW/EE : -1.0kV . KBEET: -1.0 kV
o | IR 1 44 Q . L - BITEHER: 44 Q .
- = Output voltage -—Output curremt 0 = Output voltage ==Output curremt 0
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—-1000 | 30 -30
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g,m L 60 g 60
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-4000 -120 . -120
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