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THE EFFICIENCY ENHANCEMENT OF S-BAND 7.5 MW PULSED KLYSTRON
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Abstract

Some developments are being carried for increase of efficiency of klystrons in Toshiba Electron Tubes & Devices
(TETD). COM, BAC and Kladistron are known as methods for efficiency improvement, all of them aiming to decrease
the electrons which are accelerated at the output cavity of the klystron. The possibility for increase of the efficiency by
exploiting these methods was investigated, and it turned to be able to evaluate by replacing the interaction section of the
one of our conventional klystron. A 2856MHz, 7.5MW peak output power pulsed klystron model was chosen as a target,
and the result of simulation showed the efficiency would be 60%. Two prototype tubes were evaluated, and they showed
higher efficiency than the conventional; the first one was 58%, second one was 59%. In this paper, detailed design and

test results are reported.

1. [EC®HIZ

WEETET NAARASHETEEBRIREOEE
Iz BHEL QO OOk Z2 L TN b, 7714 A
ML E B IR S T AR DO B BB O K%
WHE T 25— TRHRNMEL, TR E M EXE52
EWIEFITHZNTHS,

IIAAa L DRI 40- 70%&@?(“&5@ (g
DEREZW T LM BRI R DT DITE T — LD
/%éf_b@%ﬁ%fﬁﬁf%%ﬁoﬂ\é[l] IR
FEEBLFEO—DELTEAR—E TV ADEFE — L4
EEBIER T vV TFE— L7 T A AR (MBK)[1]23
FNHILTND,

—HTCRI/IN—ET VA HE — ADOHER TH A 1)
LA FIENTFENISILTND[2-4], ZNLHD
FIEEBRE U R, YoM FEIs 7/ A OfE A
TERMH ZEEHXDZECTHMN A RETHLIEN
Mol N—E T AL 1.8uP T, 32— a a2 FE
L 60%% 82 DR DR CEORE RGO, 2017
FIZRIEL S5 ORI Z1 TV [5]. 2018 ARIZek B L2
V258 OF i E1T -7z,

ARG CIEERFHRE R ERIEY T A A b OB ERER
AEROFEIC SN TR RS,

2. HEHEER
2.1 BEEE

VRPN ivMui&(RF)@t% S THDHIN, &
FE— LD BAERERICE T BT E 22 HH“CRF&
MEAMEAL TR F T, HAZEIRT RE BHBED
Hanaz il otoft%rbm@ﬂ’%;éﬁbﬂ\é ITA AN
Oy DONEE A EXWATDIZI, ) ZE A i L7
HBOBTFOTRILF— 75:72@5/\</J KRB IDITHEAE
1’Eﬁﬁpﬂ%uxﬂ+?“éz\%i7bx%é AWK HH%DHJE{JBT

HIET2EFIIH DTN RN 28D, =

# kenichiro2.suzuki@etd.canon

FUTD 72N TN E LY,

Fo NN FLEBFNLINEL O LT —5HD
HZ#ES5ELTH 1ZERDE F75>mf¥’a°>:>é: NFLTE
F RN F =T E > TWDIZDIC, TR LF—D
KEWEITH S22 Hﬁ%}@ﬁﬁ“é*ﬁf‘l*/lxﬂ?%@
INEWE A ZERRC Ny TS THIfTLCLEN D
ERBHD, FEOZEN, ZEIROE R DAL 5 [ D57 4i
R o TWAIDICEZAZEND D, BNl 5HE
74*F‘/*‘yﬁ/lz%f%ﬁ/ﬁﬁbf%éi‘)&#@@H’Eﬁﬁ?@ﬁ
K& B7-0, BEITETCOELDBITURWVARB %
RL>>H )2 Hﬂ@/f/t**ﬁ/x%[—KTéJ:O %
95, U baFEldnl, mRIbOFEEL T D
IR FENEZHND,

® ) ZERTINRS NS E %D 70<$ %,
® E 1 DTRNF A/ NS T D,
® N ZENADF AAR MBI O BRI A2 —12 D,

TWERDOFRETIL, FFlZE/ N—E TV ADITA ATy

2BV T 1 ZE 2 I S DAL AE T iliE 328 723
ZF-oTEY, TNAEBEHNAIZED DT ENIEFITH)
RETHD,

IITARNR Y FRHRAED FIEE LU TRE
Oscillation Method (COM)[1] 1%, MNERNAZAHIZ
TR 2 PN AR IR D DT L J:of?}Hm%r’?Lét‘

TW5, & 75>7“HHTJEF“ uﬁ?a}x FHE, ST HIL

*%i Eﬁﬁ“?j%#mb\t W EDIZDAIAN
/%0)%15110)* ZE AT R DMRLS LI ED D
ZEMTED, %@71&5 B ERWIREEEITSE52E
“C/\/?"EP LD, lif“?ﬁk IR LHDITHKIL | SMEIDFE

iﬁﬁuﬁt FHREEITARD(ET AL —ar), IRD

2R L AEP TEBICELDE - E AN TFHOLITED
5;&#?%6 IAEDOHE T, I —a3T90%
PLEDOBhRERLNT-ZENHESITNBD[6], LvL,
B OETHEBENEL D102 74 A DR EL
FelRDEVIR DD D,

COM DFsJEE L L THEZES 4172 Bunch Align Collect
(BAC)[2] VA1 i Iz 22 il 2 o 3 1 4H 0D Z2 il 2

éﬁ’bt Core
LT

- 969 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

PASJ2018 THP062

LT COM @éﬁ%%@u\Eﬁﬁﬁﬁifﬁhﬁéiiﬁf&;éo %
72| G 1% 25 L (bunch)., 207G/ LT
/L\O)é%ﬁi%‘fiy)(ahgn) BRI =R THHHE 3D ZERT
N F MU D EA %S F LD D(collect), H52.
SO CTERMIZaT AL —ar ERICA/E A E 3
EXBLZETHAEREOBMHZ ATHEEL TD,
COM DFfRi%, ZEMEM N RICLDEFOPLEAE
AxFIHLTEY., B X—E T ADIIFAANTATKL
TEHENENZETHS, COM IZITH A/ERENELR
DHEVIRERBHDHM, F2 i ZE Hﬂ%ﬁﬂﬁ“é_kf
e T HZENTED, £2T, COM T8 25 i 22
LA DD EO A REME A AR T 5720 éﬁ:@
BEAF 7 FA AN A SRkt 2 A Z A MGt
T2o BEF7 A AP DOBREIZH T - Tl mh R
DORFEDT= FREDIH 052 BB LT,
® E2ETRIK ZERN A RE THDHIE
®  EFEFENHY, VERELLENR G ThHIL

22 %i‘ffﬂnx n+'ld:%

R E R EA T O A A R ELT, S AN
VRV AZTA AR E3TT2A B3R E LT, RE &K
X 2856MHz, ©'—2 RF W JE T 7.5MW, /X—E7
VAL 1.8uP Th Db, B EEEhC M I EE S S L2 O F
FIT, FHAAEHEBICO A @ Fa et 2w LT, £ D7
DAL E T — ABUER R — L0 BEAE
DERIANVEMHTHZENTET, Figure 1 1
E3772A L@ bR ikt O BAE R OWiH X 27~ T,

PERILBZEN IR CH-T-b DA 10ZE I L . +
0)5%%47“}%7}:;%6 CHR D 2->% 52 AR ZE R & LT
W5, BREHTIL PIC 32— ara—R o ECI[7)%1#
FLTe, ekt @GO oL —vafi e
Fig. 2 BX W Fig. 3 TR~

Figure 2 1IN AR THY | HERREHCITar4 L —
TarEBEAE A0 FIRAITLERERAITETNDD

WXL, R Tl B MIC2 R B A S ETWE,
IBIT, WERFRFCIEFEAZEIAN G SZERIIINT TA

BN F o T 2D TODDS, BB EFCIIE T~
Hj)':ﬁ“ﬂﬂfﬁ& W TF U T B EITSE NS, BT~
ZE MR iﬁﬁ@ EiAL0H RESBEERH S TEY  ARWEE
T{ff\/z B EED TS, 2R T i O AR D
EXIIPERRR G L LR L TR THY , N T NE

DT RINVF = HD/NESNZERDOND,

Figure 3 (XE— A7 077 A/ CHY ., sl )7 m & -5
T DEA A EFRL TS, ZORKNSHERRFTIE
H 122 A TN SN D EF N A TFRHICEDEN TS
o> TCVDDIZK L, BRRFREFCIRIEEAE K ST
RN EDN3IND,

Table 1 ITBEFEZ T A AR D E3TT2A BLOE R
At D BRELFE RO RT A= Em T, RSN R
1T B —AEED 145kV DEXIT 62%E730) ﬁéﬂ%px.:
X0y 13% EFTHZENRIAENT, BIEL \ZBd
LTI, =V F—n—H~AF AT fiéaﬁ% ;H: —A
TEEN 145kV LA ETRATHZD, :@ﬁriomb‘ﬁﬂ
WCIXEMER E N ES, £2C, BIfER Y
LW R CTHIFREY OB RPN ESL D)% TR a‘é
720, RIEZ A A e ZREL G-I TH)Z e LT,

I;Z3772A
U )
(- i (T
| | m— —— ——— It
[ [ ] -
High efficiency design

&IZBJ—Ll-l——:I-L——

Figure 1: Cross section drawing of E3772A and high
efficiency design.
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Figure 2: Phase diagrams of FCI simulations. The upper
(a) is E3772A, the lower (b) is high efficiency design.
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Figure 3: Beam profiles of FCI simulations. The upper (a)
is E3772A, the lower (b) is high efficiency design.
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Table 1: The Parameters of E3772A, Design Target and
Design Result

. E3772A | Design Design
Parameter Unit design targgt resu%t
Frequency MHz 2856 2856 2856
Output power MW 8.1 7.5 8.9
Efficiency % 48 >60 62
Beam voltage kV 155 145 145
Perveance “A/Vy2 1.8 1.8 1.8
Drive power W 80 <160 130
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Figure 4: Appearance of prototype klystrons.
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Table 2: Test Results of Prototype Tubes

Parameter Unit Test Prototype | Prototype
target #1 #2
Frequency MHz 2856 2856 2856
Output power MW >6 6.9 7.3
Efficiency % >60 57.8 59.2
Beam voltage kv - 136 140
Beam current A - 88.3 88.0
Perveance | A/V' | (1.8) 1.76 1.68
Drive power W <160 60 72
Gain dB - 50.6 50.1
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Figure 5: Transfer characteristics of prototype klystrons.
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Figure 6: Saturated characteristics of prototype klystrons
and E3772A.
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Figure 7: Outline drawing and appearance of E37306.

Table 3: Simulation Results of E37306 and High

Efficiency Design
Parameter Unit E37306 HE design
Frequency MHz 2856 2856
Output power MW 50 65
Efficiency % 42 55
Beam voltage kV 360 360
Beam current A 330 330
Perveance “A/Vy2 1.53 1.53
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Figure 8: Oscillation spectrum of diode operation.
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