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Complex

KEK EF -l EFA 5775

e-Gun
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[Photon Factory |

e- 2.5GeV

e+ converter Target

| KEKB Collider Rings |

High Energy Ring (HER) : e- 8.0 GeV
Low Energy Ring (LER) : e+ 3.5 GeV
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EZEmis BT-KEK

AStE—L

- CPXIFAED BN AEERA, Ring HER LER __ PF PE.AR

oz - 8 — . . HF EF BEF EBF EBF
“BIARBEDILE /S T4103%cm s 1T ZER, THRLE— 8GeV  35GeV 25GeV  25GeV
NOFHRYDER 1nC 0.6 nC 0.2nC 0.2nC
AV = UGN TF 1ns
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Klystron Specifications

QutputPowe 46 MW
RF Pube Width 4.0 s
Efficiency 45%
Penveance 2.1 pANV2
Beam Voltage 298kV
RepetitionRate 5(Hz

Modulator Specifications

KEKB E-FBEF>1 7 DRFIE

IBEER

SLED

Klystron

FHEBONYLER

Max Peak OutputPover 108MW
Max Average QutputPove 30KW
Puke Trarsformer Ratio 1:135
Primary Qutput\Voliage 225kvV
Primary QutputCureent 48kA
Tdtal 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
igﬁgmgz \Clgi?ﬁ :Zkkx Pulse Transformer Tank !
Thyratron Average Anoce Curent 13A § §
RepetitionRate 50Hz
KEKBY) =7vRFiR: 605 &
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{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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HASrAOVF-201DREEFEAE

E—42EE 6.3V
E—4ER 70 A(FxX)
) —/N\EE 2.5~6.0V
) —/\ER 20 A(&xK)
E—97/—REE 45 kV (] K50 kV)
E—47/—REHk 4.8 KA(BRK10 kV)
EHWT/—RER 1.3 A(FRK8 A) ]
7/—RER LYE 5 KA/S(B K LOKA/LS) Litton E2V "
—FERILLEYER S S
= HELs H L4888B CX2410K F-241
E—o®l#Es )y EE 1.0~4.0 kV
FET )R L RIE 2 us(70%fET)
A CX2410K F241 L4888B
7 Heater (Vac/Aac) 6.3/75 6.3/65 6.3/70
Caniml SuiC Reservoir (Vac/Aac) 5.0/17.5 4.5/15 4.5/20
t(\lrll\(::l(d?; \ Max. Peak Anode Voltage(kV) 60 50 50
o Y —— e oy A Max. Peak Anode Current(kA) 15 10 10
i - — Eii:(;z;"" Max. Average Anode Current(A) 10 8 8
2%V ’ Max. Anode Heating Factor(10° +V+A+pps) 300 250 400

Grid
Pulse

Cathode

Keep

® 3 BAIAVDERE

Driver circuit
eKeep alive has ~250 mA dc current at 100 V
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HA5rO2 O FHHERFR(MTTF) : 33,400 BfE (28 . 2008)
ADBARNER/MILTERER D HIES

KEKT® B A
o ZIFANEGER (Acceptance Test)
£tt(vendon) TIEA T LETIILER TIEH AR (E P> TR,
1008 5,8 %5 TBreak down rate A% 0.05/ 1 hour LA R CTHAHZEEHESR
Switching Jitter A% 10 nsLA T TH B xR
Anode delay time DR
o FlmfUIIHERTICR T EE
KEKSA4F+v9601=vbM5%, B L EEGE S (NN Fv—Eb. ASTER. BEFZE
MERE £ %) TIX24F 0OEERRFHE (~14,000 ) ZBRICHED YA SbAVIIRHBRT
B
RPNV DIFLBHEEEDEN A=Y FTEFAZITO,
o RIRCHBZEZEHAMICITS
Reservoir voltage. keep-alive current, switching jitter
o HWENJUVFEBEOHRHE EERIC
o TEHIMALUTFUR(BZ2BD Y vybT ) UBFES)
HASrAV DDLUV T EFRBRDIRM, BEBEEIIVIDFR 103—AVIERE
B )Y—NEE. I UYREXDREEREDHER

2013/8/4-5 F10E B ARNERFS - FMTHES 23



©
e B ASRAY OB ANRER

«20044EFE KU SETHE

*Es=42 kV., ) F—/N\BEEIXA—HIEEETC2HHULEDI - 5%, &
B L C TRENEIEXRBICEREL-YASOVEEKET S,

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

-FFRIZEEILGLN &,
(VF—/N\EEICE>TRELEGLEGELNC L)
R ANFERGHER
20014 E (CX2410K) S8 E27%(3/11)
20034 E (CX2410K) 1 E73%(8/11)
20044F £ (L4888B) B 183293%(14/15)
2005 4F &£ (L4888B) £153100%(15/15)
HASrkAL DI IEKER
CX2410KDIBE

* 50kV, 6.5us(FWHM), 6kA, 100pps pulse.
* Reliability test > 8 hours (Run time ~ 17 hours)
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1R ICEDTIETZIZPre-trigger/ \ILRZ AR M) A —RIIZHF TKeep-alivel BEZFER LS B 515
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Bt iikeep-aliveBIEEMNTEADLENH D, BELILNH LD THEBELLHLETHS,

2013/8/4-5 F10E B ARNERFS - FMTHES 25



©

Accelerator Laboratory

LS T (Y F—/ YEEHE) DY

YA SO DEYE R DI

L2 TR DG
Tube Type: CX2410K

HRED TG E

S50 T T T T T T T )
: Thyratron: F241 ]
40 Es=36.3 kV ]
Z f ]
:5 S

2 20 - Conducting Po'mt-:
10 .. r -4

; Y

e o e

0 1 1 L 1 L L yy

28 3132 34 3
Reservoir

TIRIE

2013/8/4-5

3.8 4 42 44
oltage(V)

L RRfE

7 L 1 I | L 1 I
(o] o]
6 - o [ ] i -1
:; ° ® a a a
T 5t a | a 4
el [ ]
=
= 4 F 7
-
-
.‘5 3 L —
&
b » L i
o 2
(=74
l . —
O 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
Time(kHours)
S/N: 68(95)

96-10-11: 5-2HXY 1+

02-11-12: HV-ONB Tlkeep(H,L)ITL
02-11-18: HV-ONB Tlkeep(H,L)ITL
03-01-08: JE#rFIkeepiR ALY

F10E B AR IEFFR - RMTHER

S/N: 55(95)
96-10-11: 5-1ER Y4+
03-01-30: HV-ONF§ Tlkeepii ALz LY

26



© YISO DEFEREERHT
(200842 F BB )
ﬁ%iﬂithd)ﬁ»ﬁbuyﬁﬁﬁﬂ%l%ﬁ . 60K

2 8| — ]
L 2410
a - 24 -
P -
c _ -
o 4} 4
..g " -
. M\ML et
0 "H ... 0. 1
0 10 20 0 60 80
'?lme(lﬁzlours
? EI./O)%np 7474:
LA | frrfrrrprrrryrrrrryrrrrrrrrr .‘Eiiﬁrﬂﬁ
H; 8 L CX2410K | 1998%9H-~2008%2H
S cHELRURYEVLDEDORER
= 6 L 4 EAPOFENVADRE., FEE
o BEIZEDELD TR =,
5 4L -
E
Z T 1 BEICAEHATYHHS
0 u :.,:.:: ::,:::..j 1
0 10 40 50 60 70 30

“Time(kHours)
2013/8/4-5 F10[E HARANMRFZES - HifTHES 27



© EV1SFO>DF G

(200842 F B #)

, J— : e 5 ,
o (= oenn] | N |
7] 1721
2 2
=] =1
~ = 3F 7
s k=
—
2 g2t 1
g g
= =
Z = i
0 10 20 30 40 S0 60 70 0 20 30 40 70
Time(kHours) Time(kHours)
5 —
sk E, 1 Cxodmpe=)  F241 L4888B
@ Minimum HV(kHours) 6.0 6.4 79
= 3 Maximum HV(kHours) 52.3 66.0 57.5
ol [] ’ Number of Thyratrons 34 19 21
c Mean(kHours) 32.8 38.9 28.5
22t -
g
Z
1k -
A
1L L LTI 6 =33 4k BT
0 10 20 30 40 50 60 70 BELEVDTLNS

Time(kHours)

2013/8/4-5 F10E B ARNERFS - FMTHES 28



©

Accelerator Laboratory

Number of Tubes

Number of Tubes

YA SFO DEKETE—RFEFbT

2013/8/4-5

0 30 40 50
Time(kHours)

30 40
Time(kHours)

50

60

R R TE(7%)
E—%B8{%(6%)

7/ ~
E(1%)

Number of Tubes

Number of Tubes

70

F10E B AR IEFFR - RMTHER

—

Tr T

”fﬂ —_

Tlme(kHours)

it £ A~ B(32%)

20

7 7747 351[55(25%)

CX2410K =
F24]

10 2 Tlme(kﬂoure) 0 o0 o

29



@ FEPRR Y10 DAER

Tube Type: CX2410K
S/N: 65-9605
Lifetime: 18,432 Hours

Grid 1

Lower Gap
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Anode Delay Time
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Grid Trigger & Klystron Voltage Waveforms

Anode Delay Time vs Reservoir Voltage
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Structure of SI Thyristor

SIFA1) X3

e SI Thyristor (Cathode) Cathode
° Diode for Inverse Current Buried Gate T Channel

° |solation Band |
o Gate Electrode

: : ir"\ /]
' -y (E N
¢ 92 mm Y
: LS ,f : Anod & \
SI Thyristor e s node Current Flow
: Diagram of the on-state Sl thyristor
Type : RS1600PA40T1 ‘ ﬁ\
Repetitive peak off-state voltage: - ° T .VOItage 4.0 kv
4000V ‘ '\M *Turn off current  600A
Reverse conducting type re *RMS current 600A
Non-alloyed Flat-wafer pellet Depth 1.5 0.2 $60=02 Cathode °
o wafer p N ) dl/dt 150kA/us
-pack ceramic housing 26:05 y Tal A _ £
High reliability e —— :
X *Normally-on type device

?1'5 @ -~ “N‘\L\.
032=02 //L/:D . finode Vg='20V

Depth2:02 | 492 max A .EiRiE—‘E.O)%EE
BEERESA TR

»
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SI-Thyristor and Gate driver circuit EE e

Capacitor

+HV —aan-

‘72nF

5 stacked Sl-thyristors switch

_______ 1 )
. 1—Trngger
Gate Circuit . "
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Photography of the test circulit
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Circuit inductance(~136nH) \
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45kV SI AR ZRX 1 vF

e Hold-off voltage 45 kv

[ J
SIY A1) X3 155 FE 5 . EETSZCV‘JTQR” t 2’3‘3" g
e Repetition rates 50 pps
e Device SI-Thyristor[NGK
:RS1600PA40T1(4kV)]
e Connection 15 devices in series
e Insulation QOil
e Cooling Forced oil cooling

700 mm

Gate Trigger Circuit

Power Supply

Basic circuit diagram

Gate driver circuit

and

e S Sl-thyristor
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2 Parallel PFNs

9 sections
NN Nl e
High Voltage | | L 4 .t 1
DC Charging T T
Power Supply 3 : '
SN s e
4 L .[ I Pulse Transformer
T T 1:15
EOLC CcT
<P CT
/ I Gate Control Circuit I——b | i
X : ;
|r Supply for Gate Cir n|_ 0 Sl
ower Supply for Gate Circul
3 > CD

Operation Parameters
e Peak output power 136 MW

e Hold-off voltage 45 kv

e Peak current 6 kA

e Pulse width 6 us

¢ Repetition rates 25 pps

e di/dt 10 kA/us
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eMeasurement of switch losses by means of calorimetry

m 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_‘l"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
[ ‘ l Fan
Inlet ‘
- N RN —] =HE 8 Temperature T2
45kVT5 % D RAF 7 B K (FRE)
130 W/°C
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Switch current(A)
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Switching Current

Switching Voltage
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-1000 -l = . i i i i ]
",O . —— e — © I - P — T —

2 0 4 " 8 10 12 £ S

Time(us) -0.5 0 0.5 1 1.5 2

Thyratron : EEV CX1536

2013/8/4-5

Time(ps)

Thyratron Switching Time(90-10%): 40 ns
Solid-State Switching Time(90-10%): 208 ns
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AVERAGE POWER CAPABILITY OF MICROWAVE AMPLIFIER TUBES PEAK POWER CAPABILITY OF MICROWAVE AMPLIFIER TUBES

1000 Mw

ME - B L=/ R \

8
=
2

AVERAGE POWER

=7

A
g / i
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I'/
PEAK POWER

- \ T \ \ YRDTRDN
B, VLXK BEH DR TE \

| | ﬁwT\\ 1 N \x/— Sy
W Z /5 D A BEGRFIRD \\ <
HBTIEFO 1R OB FEH e N
S N
BELT /AR THS, ) \\\\ j \\F\
EWEH %t n,&’,ﬂ INJVARBEE N =t ﬂ,&’;&

o

Efficiency (%) Bandwidth Gain Relative Relative
(%) (dB) Operating Complexity of
" Voltage Operation
: %

%.*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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