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Study on High Efficiency High Power Klystron

Chicory Hirano™, Minoru Sakuma™ Kiyoshi Yoshikawa™",
Miasma Ohnish#*, Hashish Yamamoto**, and Huskily Toku™

ABSTRACT

This paper is intended to examine and establish the methods to enhance overall efficiency of
high power klystrons for the transmutation system, done collaboratively by Kyoto University and
PNC., ' '

We examined physics models and simulation codes for following items, and refined existing codes,
and established a new algorithm:

(1) Electrons in the gun under space charge and magnetic fields,
(2) Interaction of electrons with RF fields in the klystron tube,
(3) Energy recovery from spent electron beam energy in collector.

The FEM-based electron gun code KUEGUN based on plasma direct convertor simulation
KUNAITUS has developed and compared with the SLAC EGUN code which has been used for the
designs of the electron gun for the PNC continuous high power electron accelerator. The KUEGUN
code is found to be very effective and to be able to include more detail electrode geometries. The
gun design has been improved using this code.

A new klystron simulation code based on the FEM-based algorithms developed last year has
further developed. The each component. program has examined its accuracies and required
computational resources. Algorithms have been modified so that the codes can provide required
accuracies within reasonable computation time. Some preliminary klystron tube simulations were
also carried out and problems are identified for future studies.

* Frontier Technology Development Section
Power Reactor and Nuclear Fuel Development Corporation
* * Institute of Atomic Energy, Kyoto University
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. ABRAB LU FE
.l BRETFTVBIUEHRE

IS5 A4 AP0 HOBFOERBLIVERRE. ETOHMKNEBEH AR AL
X UMaxwe |l A B TR ERIND, LrL. fIAEHEBEZROLKRAKUT
SREORERBZLHICE. 2.2 2HT®RET B LI, ZHBFOE LML
BERMIECOE000MEU LABTHY., 734 A o yo@fEEzBFIITEL
THaxwel | AR M HETEDWELHERTHHE., B2 ERMH,
HEBABRTET 3,

FIT. HERMEPEMTLILHI, BRAOHEHEIWFCE (Field Charge
interaction) I— NV DOFEEEZFERMLL, T b, BMR E , B 2ETLE—
LADVED EHFERST Eo, Bo, HRBFAOEIEUARD E., B B LUSHEM
WHE B oA TE5,

E =E, + E. (ll)|
B=Bb +Bc +Bf (11)2

E,, Bold. HEZRA2BV-EET, Naxwel |l FER EEME2XI PAVB XU R
ATERF VY NVOBEBMHFBXEMRTHES, —H. E., Bli2owTiR, ik
ZHOBEEE—-FOBERROEEC), HM(n) 2 FHHELTHE, EREAT v
TRBVTH., EEBEZEROSTERAERER VT EORE Talt) k(D B %
HETS, bbb

E(r1) = T en(t) En(r) (1.2)

Br) = o T halt) Hulr) .

DL FEERLZIZ LT, FHAKFOEROEZ RIBICHE TS I &
ATE, ALHEBABRBBIUVHERMTLIBEORVWHENSTES, H]. 1K
BEANZ7O0—F ¥ —bERT,

Wi, BT 93 ECEHALRREZUTIRE LD D,

DEFHIALAHINAE —LEBrillovwinBEINTWVWBE LT E, ZOREM
BRUTZRFa—TAORBITEE —LDOAHEHL, U—LDEZBER
B Ev, ByDEBEREFENEZXZONS, HERETFHBERWVWAEZEFYV 7 bFa
—THBDOATITY,
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QETOVMERRIMHFRTHE2 LT B, LFELA TFTORBPIZ DT, HiEH
MOEZEOEIFES, Tbd. R FOHEBIIREI.2ZERLE LD BT
‘ringU A MO, BEOME., BLUNEEYTRINS,

QHBEFRICI KRB EBAYEARBERLLE—FN (FERXT—F) 0H
PRSIV, ZOWMOEKRE—NIERE - FIIERNTHNESERTES D
DL, E., BAHWRADELIREAE-FDETREINDIBDO LT B,

.Ec zenEn - (1-3)1
Be = po hn H, (1.3)2

1.2. BFOEB

@m%ﬂfﬁ?‘ébcﬁb)‘(‘ *ﬁ%@&E%Y = ( 7,2 )‘ Eg%” = ( Uy , Ue 4 Uy } é:-é_
DM ERFERIROLIILR S,

du; E - ) 2

o Bt ue B - wBe - —— o, |+ 2 (1.4),
di moy C' ’ ¥

dite ’ ' E . ) F 8

z = 4 E: + #U, Br — Ur Bz — H He - i (14)2
duz . E - )

R | E. + u; Bs — ue B, — Eu 7 (1.3
dt o ¥ c ]

ar .

= = u, (1.4)4
dz

- = o 1.4
% - (1.4)s

el gB L Um BALFIrigEWR B IVHLEEETHI, TNOOEHMSTH
BRXEEBUFROVWTALYY - 29 ¥ETEL,

1.3. BEFE—-—ADEIBERRD
BYE-L0f2ERMARSE. MIKRLALLI 2, HEEEZR VAN
ZRAT, KATKSINDBEHRET Vv Vg, BIUT 4, OEBFEXREB VT

"oNns, vabL, EFU-L0BWEE2,. EMERE:2 J . HETORE
REeo. BEREZuE LT
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Vo A - iz aa—{ =0 (Lorentz Gauged 2&1f) (1.5)
' s
g
veg L 89 _ 2 (1.6),
2 3 £q
i 1 %4
.V“A—-?F=—HOJ : (1.6)2

b= g e (=7 )& 2 - 2. ) (1.7,
v 2 7.

Jeg¥ —— wd(r—r oz -2) (1.1)s
Do,

AW, qRAIFringDER. SEDiracHOT N IHBTH S,
UOXEZZNZFNOBEREFOBLTHE, FoNid, , b2 RAVWTE A
DEZBEHF Ev, BRERATEX BN D,

—ng—% (1.8),

\YAR | (1.8)2

E

B

1.3.1. HMREH

(1) FYTrFa2—-78 (H1.3XBTS0 )

BMREEE, Fa—-TEINREEATHEZE L TnXE, =0, B, =0B LT
Lorentz gaugeDEF(1.)ArbEXLN, KO LI D,

1 4 1’Ab.r
g = 1 A7 An)

- Ab,n = Ab,z = 0 (lg)
r dor :
2) E—2aAsE (B3 KBWTB:)
7542 BB TE, BrilloninB /I N LY -2 EFHLLAHIN

50 bf:ﬁi‘?f\ t'_'-tf-\)\girﬁ&::iaw_%iﬁﬁ%ﬁ:}iﬁ‘b,s = Eb,z = Bb,r = OBJ:U
Lotentz gaugeDEHE(.5)EXnbE 2N, KO LI TR B,
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a¢b aAb,u 6Ab|z
9z ° dz dz

(1.10)

(3) =Ll (HL.3icBiT5rs)

E—L0HUIRBHTER., BHESNF IR L HOKRZzELIKT S
st (IREMUEN) 252 3,

dg e 1 dgy
_ 9% 1 - .11
| at dz * c 0 0 ( X
A, WM, 1 A, '
dAy 1 - b1
dt 2z c a0 ( )2

1.3.2. ZEMEHOMMIL

Po , AVDHER=ZAK_KEZLTHOLARERETT ok, “KEXZ RV
EEHE, EBAET Ev, Buodde , AdDTEMWAZHAVWTRINDEOT, ¢,

ADELEZ ZBHERO _KARBEHRTRS., E,, By FELBAERM CHEE

ERBEINTE3RHTHS, ZOBXD2WTIEH2).IWMTEET S,

S, AvDOHEFHBEZARLEZTEL. ¢, e HAFERUL.ORXDTTHE
B2 EREREZRAVWTHBME TS E. dv, Avr, Ave , Aoz TRFRITDWT,
ATFRART LI Bt il 28 g NE LR 3,

2
Lx+ﬁl%~kN£i=f (1.12)

-

LW, EHBFONEA0HEnElE LT

¢b r Ab;r 1 Ablﬂ if\:‘i Ablz @Eﬁ;‘f—it‘:ﬁt’j‘é{g%ﬁbcﬁﬁl\
Tem N7 RV '

S o T JeE R LR E o TR T AR TEOm XS R
L M.N : mXmEHEETY |
1.3.3. HBMREE .

“HEoOEHSAERAIDRIEB VT 3 = drjdt LEL &
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= oy (1.13),

Z N (f-Lx-My) (1.13)2

Eixh, —HEo¥mAaARBREREEIND, 2o 13)RE. KT O R X8
MAEXON. DK EILS TNV YT - Vv TETHESL, _

(LIDADOBALETH D dicid. BEIAKELM EHDIEREIDGPETE
SLBEXRHB, RERKER. ZHBFOXBRHIROMBIRE LOr . 518D %K H I8
D2 T HERATREND,

¢ Al < —Br b - & - (1.14)

VYAPZ + NP

EHORIFEIARFELEEIRESTHY., KEEMFI. XETEHRT >ERE
DN BOEHEHI =B FORESIZB IR VWIEICHEAET S, BITIKELT
BALFRc A = 0ThELRD EIIILEAL,

1.4, HEZEROHELZERFED

.41, BHEE—-FHE

HEZFOBFET MR, ANWBRUCUNIEFRTENNEAREORELH S LD
M T2V, LAL, BEFE-LLHEFERTSHMAETREFMMNRTS
D HILOL)AREREOEROLRWEROBEBREET - NFTELT S I LAH
Kb, MHFIMNE-FRLUTOLIXEFZOLNDS,

BERECBTIERAMBTZYM & LT, BHFEBE

V2 Hape - }2 Has + k2 Hmo = 0 in (1.15)
ﬂ Hn,! ’
(7 Hnpo ) =0 on I (1.16},
ds
Hpe = 0 on I: (1.16)>

Dikn, Huo % I TED ORI

_—]_ aHnIB
kn 2z

En: = — (1.11),
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] a( an‘d \'

mz = - 1.17

E - dr ( )z
Ene = Hor = Hpe = 4 (117)3

THEILORNS,

HEEEE AR KBRS, BRAEEUIDXOB L TUIHADE
BrARBEHELRZ AV THELT2 L. RADTIHOBRBHMBILRHFIND,

Mz, = k.2 N1, . (1.18)
W, BTFOEABEZzZn@BELT

Zn D R BT S He DEEMZAENTzm X7 b
M N . mXmiThH

THd, (LIDAKERBAREETHRVTE Hye 285,
1.4.2. SHEKAFER

1.DARDOFE S en  hnld, MI KR T LI LEMEROBEF/RUVERI ZAWT

(1.19)

THEx2bh3, LEd>T, EHELEZROEFMERSFERNZERHMAT v 7B
WTRATEZALN W BRELEMALBTEa BN S,

! L]-Encﬂ/ | (1.20)

iy = — 7=

LALl., 754 A OV OHBERTRUEARE VLD, SHERFERXZE
BEAETH,iOLSERNHELS, BHERBRLZELS DI R2HER
MizE5 5, flad. 74N Z=ROBE, FMEAKAERRZ

) di dzi ;
:+CRE+LCEE"=% (1.21)

THEhbH, iOLBENYBERE
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(1.22)

FEA2. %LLINIC 72 B R L 42

., MiEEe=i=0&L7EHE, 1Dk
ap(— th) = 0025 LV, 7534 A ba 0B ERAMET £ LT
f=37:=29 07 (1.23)
n fo

L b, TAFTEROMWWERBTFEETHLIAL, AMEER2E83 DY
N G S A (RN &

TRBOHENSLREELSE, EIT. BOERZEDLHIZHI

drTEE AW,
HAZFEOFMERARENICBENT

v{t) = vg + Re[ V(£) exp{ j 0 t ) ] | _ (1.24),
i(f) = ig + Re[ I{{) exp( jw t ) ] (1.24)2
1b(f) = iy,g + Re[ Ib(f) e:cp( jat ) :] (1~24)3
LB L, i, v, VIOWTOHER
R
vo w]-i-RG (1.25),
- ib:O
g = 1+ RG (1.25)2
ﬂ _ G+jwC B 1 1
S =T o Vo ltgh (1.26),
al _ 1 _ R+jwl
7 2 vV 7 I (1.26)2

. e R7 A A OBEARBERTHS. (1.26) KRG

HELNE, TZ
DL, EHFMIIBYTRATER S,
(1.27),

Rellv] = ?2,; J:_r iv cos(o 1) dt
(1.27) 2

20
Balt,] = - = | v sin(e 1)

(1.25),(1.20)RE BT, (1.24),,(1.2),RTrv, ik Frxhid L\, 2T, &
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HRETHe i3 AR OBRF LW TS &dVid = did =0THD
DT, MHEFEHer AT 200D DI

av G+ 70C ] ]
E=a[_—é‘-—-—V—E,{+ "E]b (128)!
df 1 R+jal

O S 7 LS ol .

a [ 3 ! ] (12802

ERWTHIV OBREREDLRZV, a2 KE ENEMROREITHL 2D A,
aZ RELS LT ELLHBBATRERL R BEND B, ﬁﬂ;?ﬁ{-i-fri WL F 8 B) 1% A7
OB AEE A & LT,

wa At {1 (1.29)

THD. BECBELTEoa Al = 038 L, SO, aid20~1008E (Al OFE
VHicEs) &3, ‘

1.5, E—L0DASE&H

BFORE4D ML T EE T uall DT, ZRAWHAHFTH LI &, bikADIEHR
AEBBRORTFMNEY LD,

:—g=moyrus—erfla=c (1.30)

W, LEBEYTOETFOLagrangian, CREHTH B, 7I A4 AT
BFHEOLN Y —FLETRHRERAMBENXFELLZVOTA =0 ThHY, £
e = 0CTH3DT, (LLINAKDODBHC = 0TH2, T, ¥ —LEHEEDOHED A
FEHN RN BEHB W HEANTHSIEHATEL LT DL, 4e = Br2/ 27T
HEOTCAHBFOAEFARERKRRTELDRS,

He = ¢ Bra 7 (1.31)
2 mo y

Kie. AMBFOEYT PV E—E 1. BIGOMBEE _ Vo It £ 5L A
¥eoVo (G0) LD BEMERET ¥ v L a(r) (0) KIS 2B, wbth
HITHERTFINEBEESEER., BEFoMAFmIr VY —E.i&
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1 : 1
Ekz = Ek - E Mg u52 = g Vu + 8 ¢(?) - E mg uaz (132)

T B, SERI R B 50, | 2E T BBril louinM AR WAL, WL
MBrilloninBHANT VLB ETHE,. ¢ BBHWEHBETES, ZOLE. Esid
KFOLBRAEMANLBI LoF—RHERY. KRATEHERLR B2,

Ewz = ¢ [ Vo p 7" { 1 4 2 bﬂ[T—w-”j (1.33)

4 EQ 7b

TI, pRBE—LOEHEE., B E—LHE. B NUTINF2-TOHET
B, TOEEFHFE->T., HFMEEuw.2XA00 51,

1 4 Hre [1 _ [Ei]z]ulfz | (1.34)

mo ¢?
Tl ¥EFEEE = 0& Lz,
2. MEER
2.1, HEZFOZWVWFV T FF1-THOY - LABEBER

AT, HBEEFEHZVWBEONY 7 b Fa—THOEF Y — L HUER T
FRL. BETEYRABIVE - LOEIBHARDHBEAEOZAHELIOWVT
LET D, '

2.1.1. HNBEBXLZVWHEESOE — LHE

Z5nn, B3 120D R 7 b Fa—T, BREEpBILIUERER J ¥
BHRAK—HT I, =Jo=0 DFFE—LZAHLEBEAOY - LHEBHER
2E2. 1)~ @R T, AFHE—LF¥EETENENR ~10,6.4,1.5[mn]. € —A
BRBLIVE —AZFINVFEF—BVTFRLOBE 224, 0keVTH B,

EFOHEREFAFEEw. X AR EEw XTI nBElE. E—4AD
BELbHWHEE (—HRAKe = 0OME) PEDOEH:L. U —A¥ER(E) LD
2, V= 2LADZEHMEMPRRLLIZ2RB N —LBH50FEI BEARMBERICLS
BEALZZRLTC, KOEEMBYILDWI EHRAILNRTVES,

R
z \/Z_K . (2.1)
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I, z2=0TOUE—LYEHEER, . Y—LBH%I. EFfDLorentzE{ %2y, W
FREESL, =u./cek LT

X = -g-u— ' (2.2),
) dy

Rx) = f, Now (2.2)»

K = el - (2.2)s

2nenm Bayec )?
THD. Flhl Ay) /) xB3x =230 XTBKRIE].085% & 5,

DT EMb, H2.1()~()DFE. V=LA FNY) T rFa—TI2% 3 EH
BENENI00,110,8mmE HBEaN., WDOBEBEIEE (r=2.35) TH3, =h
L. ﬁfﬁﬂﬁ#:i%%%lﬁ%ﬂ%‘ﬂioo,ll4,91mm'f‘%‘9- e RBL —#
LTw3,

2.1.2. Brillowin®&®H L — A

AV —FLTHBOERAMBAVITHB LI ETFHEIr AT SN, EH
ERpMW—HRRBF U — L. WHTE O — 5 58 RIS B, A

By = 1’2&’_ ' (2.3)
. Eo € ¥

THEXON., E—LEHENEZMFMBEAABREBICERTHFIIInE &,
BrillouinfBHE N5, 20L&, 2TCHOEFHBALUARECHE L., HEEE
Bl LD EFS. ZHEMYDRL L2HKN. BLUEKEWOBRLAMNELL
T, E—L¥E2EXTETTS2,

K2.2(a) i, ¥ — LBW22A, C-ABEWKY, E— LA F B 0mOEFEY — 4%,
Brillouin® REMHFHEFHBe. = 223 [gauss]PRASH LE-BEOHERFTLERE S 7T,
E—L¥FF—FBIRELZNLTBY., BrillowinBERINTVE I ENFR D, KIT.
B2.2(b), () ZENENBe, = 200,250[gauss] DB OMERITEREFT, v
THOHESNEHBEIBrillowinBRESEE M I wird, P—A¥EN—F
WRENTHERWEITO, '

KT, BrillowinBHREE —LADHF IR, AHTEF V¥ Vg, RBFTHICE
T, E—L¥gE%Rn, NV T M Fa—-T%8% L LTERATEKDLENS,
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I .
- lnlr—] (r > ry)
2 neg Uz LT

dolr) - o (2.4)
' 1 [ Tw ] r |2 .
— —— [ﬁl——J + = [1—[—] ]} (r < 7u)
2 neg sz 4 2 7y

2.340. Brillouin® v —4M2.2(0)DHENG, OHEEHFEAFOHREDS &
VEREE2RT, BLY). AEELBREIRS -BLTwRI LH8T2 5,

2.1.3. ZREHZXAVKAREZRBEOENEIIH T HEAMYE

LA 2E T RZESW., 7I9ARPIVORTFYIalL—Ya3r2T3561K
3. EETHROQUEABVWED B AR ERMEET S, #l2 . BERNMATI
nsec (A ICH) OBEITR. 14 2B TRREZEIRFETHEREEDLLL
TH. BIEOnsecHHBANTE 22, 2L, BEMABA & (1.14)
RTEZbNBLEEMEHB, FU T FF2—7HE GEEIZ15~20nn) O A8
Ark0.5mm& L. FUZbFa—7F (0.5~1n) OHAEAzZAr £V b+ FK
FE o T AL, AtD LB . Tpsece . HEXT v 78600008 7 v
T ERB, Tl Ar/hz B—BURLELEALA R/ T B E, BEAKIR
2242 FHERXF vy THIMEE Y, HERBEESHIRS, ZOXILHEENL,
JIAAPODLYDYIal—Ya v TREBHATSABEELT kv, 205
& —REZLPAWVWEERBEZEES. ENETRRIBRZ LI LEEIEL D,

Az omm. EX1000mOANLBUBORVFY I M Fa—TI. E— LEH22A.
E—AIZANVF—JkeVDEITE—LEAFHLEHEGEOWT, BERT Yy b
DHEr —KREZB IV REZLPRAVWTE —~LAHERT 2T 2. WTHLDH
SLEHAKRBI00ME. Ar =0.5[mn]. Az =10[on] TEHF LIz, L. BEOKX
XX, AW FRTEINZKEZR—KREZDOETH S, _RBEEZDEE
DEENHMAEH2.4MKFET. /. At =1.20psec]TH B, ENRFhoOHiHE
BHER2H2.5(), (MDIKRT, .

FFo vy NVOHES-REZTIT2RHE,. M. XIREBIHNENE
OhDEILLED., WhbWBR T4 FRAYTF—alryBELE, ZhiZ. AATFKET
YUY VG FRBHEABTEMULZDIC G, /) yMNBERZRMTTEE LD,
EFZBOBREN KB E 2> TCETFHALIII N LEDEEZI LN S, :&%
Z2AVWEELIMOBERERINLIRBELERRbAR W, BA=ZAK—KE
i’&ﬁﬁbsfﬁ%%%ﬁ%ﬂbt%%ézb;t,_Fﬂﬁﬁﬂtvb')ﬁxﬁ?iiﬁ:(l.lz)imitl:y&
EREOEAFRRELEA—-D O RIDOT,. ER/ETRT VY Y VEHELL
BARLP—REZOBSGLRAUBENEL S, LT —RIZ. F7r¥ vy
PHRVWTBEHBAYEX5BAKR, “REZ2F->LEARBEREOAN—-KESE
EE-TBEPESELNS., BALHAKOBWETEIVREAGWVWEE RS,
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2.2. HEEFOBEAT - NIHE

AT, HEEHOEEE-—MNOHEERERT, 9. BABOT L > T
WABERERIZODOWTHELLER2RLTHERBES LUVHEREIIPVWTH
B2L, K., ZER222-BOoSERAEBOZTLONT %2 RT,

2.2.1. MRFMEDEE

CHREHBRIAMEBIRE LB LTHEREZEAD LM, BKTHE
Ni-EEn, BEX OB ERAOBETHEHEE— FHESR T4, “0OBE. &
BEMBBA.ID,UIORIBHNICEBT T, EXATMyg, 0cE—FOBEBEBEH. .

1
Hu="‘—"“"“"‘—_]|(k1 ) (25)I
Vi Ji(kor) o

THEXL3, TZIW J B—&DBesse B, ko BEFET. ERDBessel BHEL
J[j @‘ﬁgmg.§k0| =2.40483?%%0 if:Er .Ez bi&itf%i%ﬂ%o

E, =0 - | (2.6),

1
= —— 2 (2.6)
r—nﬁ(ko;) Jol kot 7 ) | »

EHAAERU DR, FREZECBIHIZEERBOMBEESTRINS
B (EAMH) 2B TCQRTEHEBRBATAE YN 2 258X 1) R 2 E
BN, (LWINRAKEOFFEAMBEHT CHEERA T L ELE AN
LTRET I, TIT. KRARTZBVOHETEI 2T 1)ROFHHITS
M, N%ZiHEL/K, ' '
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@ TECHNICAL DATA

VKP-73890

MULTISTAGE
DEPRESSED COLLECTOR
KLYSTRON AMPLIFIER

470-810 MUz

DESCRIPTION

The VKP-7990Qis an axtornal, lour-cavity, liquid- and air-coolnd
klystion, aspoclally designad lor UHF-TV transmission. Fiind
with appropriale cavity boxas, a singhs lubs covars the anlira
UHF-TVIrequency rangs, 47010 810 MH1. Tho dasignloaturas
amullistage dapressed collector (MSDGC), providing the maeans
lor anaining very high oparating siliciency, The VKP.7990
opatatns in slandard “collocior-up™ axlernal cavily magnat
assamblios, Cooling is provided by liquid lor tha cotloclor and
air lor tha cavilins, body, and thn magnoel assombly,

FEATURES

High Elficiancy — Uso ol the mullistage doprassod colloclor
provides lor collection of varieus elnciron groups laaving
tha ol structura atthaie oxit velocitios. This Inads to a mueh
lowar spanl-beam powor loss for tho samo owiput ralings
and tha achievamant saturated aliicinncy on tho ordar of
75%. With thoe implomantalion of beam pulsing loch-
nigquas, tha Figure of Marit (FOM), which is the ratio o
paak-ol-sync outpul powor lo avaraga do inpul powar, can
reach §.3 or more.

Ampla Bandwidth — § 0B bandwidlh of alloas 6 MHz is raadily
atlainod and varins no mora than 11 ¢0 ovar tha Tull black
lo white amplitude ranga and lrom -1 MMz 10 4 5 MHz from
Cariar,

Madulaling Anoda — Provides 1ha maans los oplimally adjust-
ing visual beam currant and for awal sarvicn whon a
common baam powar supply is used, In visual sorvica,
convantional mod-anoda pulsing can be applied lor addi-
lional power savings.

Anocdn Control Elaciroda (ACE} — Low vollage baam pulsing
using1he ACE alnclrode is nasily accomplishad by holding
ths mad-anode al a consiant vollage, applying lixeg bias
10tha ACE during tha vidro iniarval and pulsing to calhodn

polential for nach sync inlerval. Pulsn vollages ol anly a lew hundred volls are required lor ACE pulsing compared with
thousands of volis nacassary lor mod-anoda pulsing. Tha reducod putsing vollage allows the usn of lolally solid-siale

modulators wilh thoir grealos reliability. Tha ACE 1arminal, localed an tha cathode assambl
tha cathoda lor convanlional mod-anoda conlrol and pulsing,

M 19 1.53M

y. can be easily lied eleciricalty 10

Pelnteal In UL 5 A

varian®

microwave power lube division  « 611 hansen way - palo alla - ealifornia » 94303

figure I,
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% OF ELECTRONS WITH ENERGY 2eV,
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FIGURE 2. CALCULATED ENERGY DISTRIBUTION OF THE SPENT BEAM FOR THE
VKP-7555 KLYSTRON
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FIGURE J . UHF-TV MDC DESIGN FOR EXPERIMENT #1
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FIGURE 4. KLYSTRON AND MDC POWER SUPPLY. SCHEMATICS
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90% SATURATION DESIGN 4G (3177),
HGUN  9/4/85 [TERATION 6

COLLECTOR PERFORMANCE (WITHOUT SECONDARY ELECTRON EMISSON LOSSES)

ELECTRODE v ! P(COLL) P{DISS.) TOTAL DISSIPATED POWER = 2.676E+04
5 0 5.044E-07 1. 238E+04 6.063E+03 TOTAL RECOVERED POWER » 3.446E.04
4 6125 2.716E-01 4.991E+02 1.365E+03 SPENT BEAM POWER = 6,122E4+04
a ~12250 7.7B0E-01 2.508E+03 - 3.530E+03
2 © -18375 1.,242E+00 7.605E+03 . 5.00BE+03 COLLECTOR EFFICIENCY = 56.29
1 -24500 2.056_E+00- 0.CODE+0Q 1.079E+04 ELECTRONS RETURANED TO BODY = 5
10.0
|
7]
% 4
o VOLTAGE 0 25V 50 Vg 75 Vg Vy
=
= . ELEMENT 1 2 3 4 )
& 1 - 2 E
% -
= 5.0 - MAGNET
b POLE
5 PIECES
0 .
hit
o
<
o

5.0 . 10.0 15.0
AXIAL DISTANCE {INCHES)

FIGURE S, ELECTRON TRAJECTORIES FOR 30% SATURATION QUTPUT
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SECONDARY ELECTRON EMISSION YIELD
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FIGURE § . SECONDARY ELECTRON EMISSION YIELD AS A FUNCTION
OF PRIMARY ELECTRON ENERGY
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FIG.URE 7. OVERALL TUBE EFFICIENCY AS A FUNCTION OF RF OUTPUT POWER
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COLLECTOR EFFICIENCY
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FIGURE §. MDC KLYSTRON COLLECTOR EFFICIENCY AS A FUNCTION OF

RELATIVE RF OUTPUT
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