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Klystron Specifications

QutputPowve 46 MW
RF Pube Width 4.0 s
Efficiency 45%

Penveance 2.1 uANA? SLED
Beam Voltage 298kV ‘\
RepetitionRate 5(Hz KIyst ron
Modulator Specifications HEANGEL
Max Peak QutputPove 108MW
Max Average QutputPove 30KW
Puke Trarsformer Ratio 1:135
Primary QutputVoliage 225kV
Primary QutputCureent 48kA
Tctal PPN Capaditance 0.6 F Pulse Modulator
Puke Rise time(10:90%) 0.8 s
Puke Flatness(P-P) 0.3%
Pubke Width 5.6 s
ThyatronAnoce Voliage 45kv
ThyatronAnocs Curent 18KA Pulse Transformer Tank  *
Thyratron Average Anoce Curent 13A
RepetitionRate 50Hz

KEKB!) =7 YRFiR : 605 {#
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PEESWA T FAOV)E FE>TUL =AM RRIZCE DI o1=, 1963 F R IZ L
HIgHOT=-/KFEAYHASrOVFIFERALIBOIREIC DN ST,

¢ WABWAIGKRAYSASROY

E—VEEE ANAVE— T4F5AUME T45AVME

=] S R =T 1] —=E
BE IR AR = FA—BE T a7 - *
{51 kV kV A \Y; Q \Y; A
3G45 (1G45P) 3 3 35 >150 <100 6.3 25
4C35 (1G35P) 8 8 90 >150 <100 6.3 6.3
5C22 (2G22P) 16 16 325 200-300 500 6.3 10
5948 25 25 1000 700-1000 20-50 6.3 30
1257 33 33 2000 1320-2500 20-50 6.3 40
8479
(KU2T5A) 50 50 4000 1500 100 6.3 75
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HASAOVF-201DIREEFEAE

E—4EX 6.3V

E—%ER 70 A(&XK)

JH—NEXE 2.5~6.0V

JHF—N\EiR 20 A(FX)

E—o7/—F&E 45 kV (8 K50 kV)

E—47/—REHk 4.8 KA(BRK10 kV)

7 /—FER 1.3 A(BKS A) _

7 /—RERIL LY 5 KA/LS(BA 10KA/ Litton E2V a

—rEntl RS S S
AL Hs(3 Hs) L488SB CX2410K F-241
E—o®#7 ) yrEE 1.0~4.0 kV
HET ) vRs L RIE 2 ps(70%fET)
CX2410K F241 L4888B

Heater (Vac/Aac) 6.3/75 6.3/65 6.3/70
Reservoir (Vac/Aac) 5.0/17.5 4.5/15 4.5/20
Max. Peak Anode Voltage(kV) 60 50 50
Max. Peak Anode Current(kA) 15 10 10
Max. Average Anode Current(A) 10 8 8
Max. Anode Heating Factor(10° *V+A+pps) 300 250 400

HASrAVDHE

Driver circuit
eKeep alive has ~250 mA dc current at 100 V
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g 10[B] H ANN1E S
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Reservoir
failure
G1 arcing
Failure of
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HA5rO> O FHHERFR(MTTF) : 33,400 BfE (28, 2008)
ADBARNER/MILTERER D HIES

KEKT® B &
o ZIFANEGER (Acceptance Test)
£t (vendon) T T LA TZILE TIIHERER T Lo TNELY,
1008 8,8 &5 TBreak down rate A% 0.05/ 1 hour LA R CTHAHZEEFHESR
Switching Jitter A% 10 nsSLL F TH A EFTER
Anode delay time DR
o FlmfuIIHERTICAHZ R
KEKZA4 92601 =vbM5%, B L EEGE S (NN Fv—Eb. ASTER. BEFZE
M E R F) TIR2EDEERR M (~14,000 ) ZBRICHMO YA SOV IR HT
B
RP|EIN-LDIILBRMEZEEDENI=YNTHFIAZIT,
o REBEVRABZTEHMICITD
Reservoir voltage. keep-alive current, switching jitter
. FHEIJUVREXDRE EERFIC
o TEHIMALTFUOR(BEZ2BED vybT O BFEN)
HASLADDLUDV T ERBR MDA, EMEEIIVIDER. 103 —OvIEERE
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*Es=42 kV, ) F—/N\BEEE XA —HIEEETC2HMULEDI— 5%, &
B L C TRDEIEXRBICHEEL-YASOVEE1KET S,

1. Break DownZ&< 0.05 [B]/hour THHZ &,
2. Jitter <20 nsTH D&,
3. Anode Delay TimeDFENIEFE THS &,

: H%Eﬁ%@] L/ti(:\u&
(VF—/N\EEICE>TRELEGLELNC L)
e ANAERFER
20014 E (CX2410K) 1€ E27%(3/11)
20034E & (CX2410K) 1 E73%(8/11)
20044F ¥ (L4888B) B 183293%(14/15)
20054F & (L4888B) £183100%(15/15)
HASkAY D ITIEKER
CX2410KDIBE

* 50kV, 6.5us(FWHM), 6kA, 100pps pulse.
* Reliability test > 8 hours (Run time ~ 17 hours)
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Accelerator Laboratory

S/N: 68(95)

B 96-10-11: 5-2HR Y {1+ S/N: 55(95)
-F BE{I_ J: BE{E 02-11-12: HV-ONE§ Tlkeep(H,L)ITL 96-10-11: 5-1ERY{F 17
02-11-18: HV-ONBE¥ Tlkeep(H,L)ITL 03-01-30: HV-ONEF TlkeepHi AL 70

03-01-08: iE#5FIkeepiR 7LD
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(200842 5 B2 )

CX24 =- F241 L4888B
Minimum HV(kHours) 6_01%:'%“':l 6.4 79
Maximum HV(kHours) 52.3 66.0 97.5
Number of Thyratrons 34 19 21
Mean(kHours) 32.8 38.9 28.5
E{RF Y Fan =33.4k FFfH]
/— >
BEEUTLVS
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Tube Type: CX2410K
S/N: 65-9605
Lifetime: 18,432 Hours
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Tube Type: CX2410K HY—EhbG1EHYR—EF %H/NE%R
S/N: 85-98450 3mmIZE D ESIVVIERMICT —5
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352y EDAEIE
[CEBEEEE,
53y oiEE D RS
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Anode Delay Time

o 13-y ] N m b
Grid Trigger & Klystron Voltage Waveforms

Anode Delay Time vs Reservoir Voltage

Tek 51t | & 1
S A 10.0v
: ' 1@ 0.00V
............................. iAT 48%0ns
1@ 0.005s
”Ii
2506(3
W 10.0V |Ch3 5.00V  M/1.00Ms| A ChZ v —3.00V
18 Apr 2005
W[13.20 % 07:58:43

Rsv=4.6V
(Recommended Rsv=4.6 V)
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Anode delay time vs Time
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2kA

1.3kA
1.7kA

3.6kA
2.7kA

CX1826A
CX1154C
CX1174

CX1154
CX1154C

CX1175

CX1174
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Accelerator Laboratory

Structure of SI Thyristor

SIYA1) XA
e SI Thyristor (Cathode) Cathode
° Diode for Inverse Current Buried Gate T Channel
Isolation Band
e Gate Electrode -
Gate § 4 3 R
2 = & A
¢ 92 mm SRR
L \
SI Thyristor Anode Current Flow
Wafer Diagram of the on-state Sl thyristor
*\oltage 4.0 kv
*Turn off current  600A
*RMS current 600A
dl/dt 150kA/us

2013/8/4-5 F10E B ARNERFS - FTHES

*Normally-on type device
Vg=-20V
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Accelerator Laboratory

A=A DO R E BA A DR RAEBT-DIZ
SI-Thyristor and Gate driver circuit EE e
Capacitor
+HV —aan
5 stacked Sl-thyristors switch
& 1 .
72nF g Gate Circuit Fll Tpr;ig;r

3Q0.4d AH

\ Equivalent circuit
Diodes

Photography of the test circuit
Circuit inductance(~136nH)

2013/8/4-5 F10E B ARNERFS - FTHES 39



45kV SI AR ZX 1 vF

Accelerator Laboratory

e Hold-off voltage 45 kV

[ J

SIY A1) X2 1553 FE 5 &6k . EETSECV‘JTQ?[,‘ t E'ﬁgo §
e Repetition rates 50 pps
e Device SI-Thyristor[NGK
:RS1600PA40T1(4kV)]

N e Connection 15 devices in series

e |Insulation Oil
e Cooling Forced oil cooling

700 mm

T ~.

Gate driver circuit
and

e S Sl-thyristor
2013/8/4-5 %10E B AMEBL S BiFHES vr 40

Switch assembly Basic circuit diagram



Accelerator Laboratory

SIXRL Y FDitEE

ATFCE#TOHERER ER

2013/8/4-5

Operation Parameters
e Peak output power

e Hold-off voltage

e Peak current

e Pulse width

e Repetition rates

e di/dt

 »

136 MW
45 kV
6 kA
6 us
25 pps
10 kA/us

F10E B AR IEHFRFR - RIMFHES
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eMeasurement of switch losses by means of calorimetry

/’f—\ Temperature T1

N
PFN PFN Switch Details of switch losses
Outlet
Voltage | Storedenergy]  Losses Balance Gate Devices —— ue e I
(kV) (J/pulse) (J/pulse) resisters Circuits (J/pulse) g_‘;’i‘Tca':‘k
I
(J/pulse) (J/pulse) Pump
20 162 9.4(5.8%) | 0.98(105%) | 0.8(8.5%) | 7.6(81.0%)
30 365 21.3(5.8%) | 1.92(9.0%) | 0.8 (3.8%) | 18.6(87.2%) Saamar
40 648 32.8(5.1%) | 2.77(85%) | 0.8 (2.4%) | 29.2(89.1%) ‘
4—.
45 820 41.1(5.0%) | 3.10(7.4%) | 0.8 (2.4%) | 37.2(90.7%)
T
I ‘ i Fan
Inlet ‘
- N R =] =@ B8 Temperature T2
45kVT5 % DR F 7 8K (FRRE)
130 W/°C

2013/8/4-5 F10E B ARNERFS - FTHES 42
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Switching Current

Thyratron : EEV CX1536

2013/8/4-5

Switching Voltage

Thyratron Switching Time(90-10%): 40 ns
Solid-State Switching Time(90-10%): 208 ns

F10E B ARNERFS - FTHES 43
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MIEES L /=RF
R DRARIZERINSEF

BIEEL > 2-0.3 GHZLL EDEIEEETIE IS4 ANA Y A REDRFRT
$H5,03GHZLLTDIGE L. FEMKIGIEES. 10T RURIBELEDIFEH
Nbd, BEEDEMDMagnetronPTWTIEHFYFERASINGLY, FE(K
EIEEE R EIFEAENBFET/INIATH S,
REBHE—IRI/ILXF—FNEEHEE: KETFTNITEWNSAFTVITT &,
QR EW, EIINEBEENELGLSD T, EN. IMRENTOREEZLT
[CHIZ AN EE,
fiﬂ%&jﬂﬁ—v‘-“:—%4ﬂ4 LK/ N R$EV IR1EEBEE, CWHNESS T
BE,
G - FRIEIEISEEET S, SFIBETHAIENEELLY, —HRIZHS
AARAVIEEFFTS0dBIEBZ THSH, —AIOTTIEAAR20~25dBT
H5 MBELGEFRIZEFFTHS, EBHAFEO—FTIE5-6dBHZL
LY,
ST EME 95/ XCAVITEEREER T /AL A THY . NIMEEH
zﬁ%imbmzfmb%b@ﬁ*ﬁ%ﬂ:iﬁi?&éo MEBTIIEELIE
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AVERAGE POWER CAPABILITY OF MICROWAVE AMPLIFIER TUBES PEAK POWER CAPABILITY OF MICROWAVE AMPLIFIER TUBES

Accelerator Laboratory

1000 Mw

ME - B L=/ R \

8
=
2

AVERAGE POWER

=7

A
L~ /r
—— Pl
I'/
PEAK POWER

\~ \ e
B IWIRKBHEIDRTE \

QT i \ KLYSTRON
WIE 7 D AT FELRF IR D NN
HTIEOFA RO 5 FEH] e N ~
GRlDDED \\ \
‘  emon
RBETINAXTH S, N e \\\\ wre Y \\\ B
°I ‘ ' o] - m .I_m!leucvteun
FHEN & BRE INVARERESN x BlRE

o

Efficiency (%) Bandwidth Gain Relative Relative
(%) (dB) Operating Complexity of
n Voltage Operation
N El\

%.*E R F'JE‘ @ J:I:' XJ Gridded Tube 10-50 1-10 6-15 Low 1
Klystron 30-70 1-5 40-60 High 2
Magnetron 40-80 High 3
Helix TWT 20-40 30-120 30-50 High 3
Coupled Cavity TWT 20-40 5-40 30-50 High 3
Gyratron 10-40 1 30-40 Low 5
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RS COEEL/ VS A—— Perveance

Accelerator Laboratory, KEK

PerveanceDEE

. L EODHK
E(uperv) = IjT7'* x10° i

(%) =90 — 20 x K 1perv)

N

O N

CNIIZEREBERDERFEMATDD
DT, BEFDREEREICRE R

hE2 X perveance 25/ AkAY
7o ARERET S BT SATMERE
FL
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Accelerator Laboratory, KEK

ZI\DybiRFiﬁabtﬁ%éhTL\éo (a) EF®EmMAN {b) RFEFEm2H
RAE® 200MH:z BEY 2856MHz
mEEgy i g

542 EL(40~50dB) HERL AV B (4 )

B E BB T, RIBLHHEL DT, (WEEELL

TWTD KD IZ[AHE TIEGRLDAYINERR (& = _ .

Pttt 43 PRE — —cinu XJW\—nnﬁna
BN FTEE, (~150MW) THs1s | [craa]

PRA F GIQA /\
HaY —-" 4 ™
L

RCA46158 GIR#
294X bO v I-”,bzxﬂ
PRA — GIZH PV3030A
L] ol
AT
]
Y GIRH
RCA76051 250w
R aw
_ R e *'J%?ﬁ‘ﬁt\f:&)li?ﬁﬁfi =Ry 57
I5AAAY DEEEE % BB RK
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