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Fig. 1. Equivalent circuit mode of cavity with beam.

T SRR, AR RS 1) Z2MIBRIER
fR AT B4 A B TET B, I ELIR SR S AR A
XA s, RAEhIm AR, HIABR L3 R 142
Y; 2) 700 23 () FLfar 4400 3) HL -3 B2 O id /M
%, M ZBE AR RN ; 4) £ IR 2 6] 19 IR 4
XF T g o k. N T B i 14 v 37 4 A
P 2 ARl 28 BEE B — AN ] B A 1 Ak A b
N0, IBAHFAE N EBIEIRIES n (n = 1, 2, 3,
4, -+, N) B ¢ I 282 iR ] 2R K
E, = Eypsinfwt+ (n—1)7],
(n—1)L<2<(n—1)L+d, (1)

K By, A ] B R S R d R B TRI B AY
Vi BE s Lo AR B RO R w =2nf, fh
N [RIBUEAR I BRI 2 0 ¢ I 20 F7E N [H]
BRIERIE SR n A TIB A AL

. falp 3 TR N
d |l L lal T d
L a1 ] a i’
— B,
fa)pst 2 fiagt 4

Kl 2 ZEBIE R IE o8 & R 2 A
Fig. 2. Simplified F-field of ® mode in multiple-gap cavity.
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+ 4 (cos (B.L) + 1) [30g sin O + (2 — 2 cos Oy — b sinbg) (cos (BL) + 1)] }, (39)

1, 1, 1, G { 4 (cos (BeL) — 1) (cos 9.0 —1) (2.Si1’1 (BeL) - 2B L cos (B.L) — BeL) }
B 2<§Ume1+§UmBT|§UmB3) _ O\ —46o (1 — cos (B.L)) sin (B.L) sin fy + 6'sin By — 360, cos By — 36,
*3 Uz 1862

(40)

L7555 DU/ ] B 35 B 7
2.4 MERIEIREE BT ARHER S P U,
TR, T Ay 92 md T
S S = BRI TP AR e T e HLF T DUIR] B iR e 5 D
AN A BR S R A EERS I IE , A NN Y, BT vy =z, =10 + % [cos (po + 3B L + 6p)
DA = A T B 0 A 3 B o 1 3 35

- +36.L) + +2B.L
3. W T YRR T i B R N c0s (0o + 3BL) + cos (o + 28 L)
v, — ¢0s (¢wo+28.L+00)+cos (po+B.L+6p)
Z31 = {Vo + [cos (o + 206.L)

2, — cos (po + BeL) +c0s pg—cos (¢o+ 9(())] 7)
43

3L <z <3L+d. (42)

— cos (po + 2BeL + o) + cos (po + Be L + b)
Fr 7y A PR B I [ 4R 1 o )

— cos (¢o + B.L) + cos g — cos (¢ + bo)] }

X (t—73) + 2L +d, 2L+ d < z31 < 3L.
(41)

SR FH T L 3 v 1 5 3 3 T ] B2 v A [
OIMTTT, AT DU (AT PR I A4 2 O T Bt e A
RPN RV W)

4cos? (BeL) (2 — 2cos (BeL) — 3B Lsin (3. L))

. +28.Lsin (B.L) (2cos (B.L) + 1) + 12cos (8. L) + 3
SINWEY 80 (1 — cos (BeL)) cos (B.L) sin 6 + O sin By [9 — 8 (1 — cos (B.L)) cos (BeL)]

U.Go —4 (cos (BeL) + 1) [30p sinfy + (2 — 2cos By — Oy sinby) (cos (BeL) + 1)]
bind = 2602 2sin 6y — Oy cos By — By — 46, sin Oy sin (B L) [cos (B.L) (2 cos (B.L) — 1)]
BeL [8cos? (B.L) (cos (B.L) — 1) + 1] — [2sin (B.L)
+4 (cosBy—1) { + (cos (B.L) — 1) | [2cos (B.L) (cos (B.L) — 1) + 1] }
—(cos (BcL) — 1) (2sin (B L) — 2. L cos (B L) — B L)

2 (1 —cosbp)

+coswt

(44)
H R A28 PO TR B A U — A H 7 S 28R S A —f it T 2 i 4l
Gy =G4/Gy
:%{2 (1 — cos ) [4cos® (BeL) (2 — 2cos (B.L) — 3B Lsin (B.L)) + 2B Lsin (B.L) (2 cos (B.L) + 1)
0
+ 12 cos (B.L) + 3] — 8¢ (1 — cos (B.L)) cos (8.L) sin 6 + b sin 6y [9 — 8 (1 — cos (8. L)) cos (5. L)]
—4(cos (BeL) + 1) [30p sin by + (2 — 2cos Oy — Oy sinby) (cos (B L) + 1)] }, (45)
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By =B4/Gj

1
:202{2 sinfy — 6p cos By — Oy — 46 sin Oy sin (B L) [cos (BeL) (2 cos (B L) — 1)] + 4 (cos g — 1)
0

X { BeL [8c0s? (B.L) (cos (BeL) — 1) + 1] — (cos (BeL) — 1) (2sin (BeL) — 2B L cos (B L) — BeL)

—2sin (BeL) + (cos (BeL) — 1)] [2c0s (BeL) (cos (BeL) — 1) + 1] }} (46)

S DU TR B b H 3 5 i 2 R AR Y g
Py =U>Gy/2
~ UzGy

467

{2 (1 — cos ) [4cos® (BeL) (2 — 2cos (B.L) — 3B Lsin (B.L)) + 2B Lsin (B.L) (2 cos (B.L) + 1)

+ 12cos (B.L) + 3] — 86y (1 — cos (B L)) cos (B L) sin By + 6y sinfy [9 — 8 (1 — cos (B L)) cos (B L)]

—4(cos (BeL) + 1) [30g sin g + (2 — 2cos By — O sinbp) (cos (BeL) + 1)] } (47)

XF T DU ] BRI, 5 E ORI T Uy = AU, , AT A5 DY ] B IR 1 1) S5 00 L 3 S 480 R TR 7 2

Gy {COS (5.D) { [(2 —2cos (B.L) — 3B:Lsin (B.L)) cos (B L) + 28 L sin (B.L)] (1 — cos fy) }} (48)

L2
2(Po1 + Po+ Ps+ Py)
Gb4: U2
4
T 402 —0o (1 — cos (B.L)) cos (B.L) sin g
2 /1 1 1 1
By = — | U2 B —U?By+-U?Bs+-U*B
b Uf<2 i b1+2 m 2+2 m 3‘"2 mP4

2sinfy — Oy cos By — Oy — O sin b sin (5. L) [2 cos (B L) (cos (BeL) — 1) + 1]

_870(2]

2.5 FIEPEIEIREBRFREHENIBIESHT

X LRI BRI R I, HE AR AT YA R
iz By IE 05 U B B PR i AR ). 22 F - e 5
AR S HE AR EIE, IR A NI, BT
DLSE DU ] B b 17 Ak ) 52 B SRy 9 s T A ) it i
8)). F eI B 1is 3 T RN

ay
2 :{yo + =2 [cos (po + 3BeL + 0o) — cos (9o + 36.L)

20,
+ cos (o + 28.L) — cos (o + 28.L + 6p)
+ cos (¢ + feL + 6o) — cos (po + B.L)

+ cos g — cos (o + 6o)] } (t—74)+3L+d,

(50)

FL A2 TR B A s 3l 75 A

Gy BeL [8cos? (B.L) (cos (BL) — 1) + 1] _ (49)
+(eosth—1)¢ (2sin (BeL) + cos (BeL) — 1) [2cos (B.L) (cos (B.L) — 1) + 1]

\
d?z5  eUy

F = m sin (wt) 5

P BT ) B IR Js ) 32 A

AL < z5 <AL +d.  (51)

QL
Vs li=rs = 10 + === [c0s (g0 + 45, L)
20

—c0s (wo+ 4B L+ o) +cos (go+ 38 L+ 6p)
—cos (o + 3B.L) + cos (o + 26.L)

—cos (o + 28.L + 69)

+¢0s (po + BeL + 6p) — cos (¢o + BeL)

+ cos g — cos (o + 0o)]
(52)

S 75 S LT T LA B IR 4 P 1]

>R FH TR) AT B 4 O s L 1 Z5 % 3 A 0 [ i
FR R A AT 53k, AT A T A BRI IR I ) 565 11 ]
Bt = A R S LI N
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I5ing = U;gox
0o sin b [8 (1 —cos (B:.L)) cos? (B L) — (4cos? (B L) — 2cos (B.L) — 1)2]
4cos? (B.L) — 2cos (B.L) — 1
+28.Lsin (S.L) (4cos (B.L) — 1)}
—8c0s? (BeL) [(2 — 2cos (BeL) — 3B.Lsin (B.L)) — 168, L sin (3. L) cos (B L)]
2sinfy — Oy (1 4 cosby) + 46 sin O sin (B L) [2 cos (8. L) (cos (BeL) — 1) + 1]
BeL [8cos? (B.L) (cos (B.L) — 1) + 1] }

sin (wt) 1201 — cos6) (4cos? (B.L) — 2cos (B.L) — 1)

~4(c0s00 = 1) _ (9in(BeL) + cos (BeL) — 1) [2cos (BeL) (cos (BeL) — 1) + 1]

5B.Lcos (8.L) (1 — cosby) (4cos? (B.L) — 1)

4 (cos (BL) — 1) 2 BeL (1~ cos (B.L)) (1 — cos f)
+(2c08% (BeL) +3) | o i (BL) (1 — cos ) + 0 sin (BeL) sin 90]

+ cos (wt)

(53)
HT IR AT A2 A R BE U — A H 7 S A S U — A HL T R L 0
— G5 1
G5 = Gfo = @X
6o sin Oy {8 (1 —cos (BeL)) cos? (B L) — (4cos? (B L) — 2cos (B.L) — 1)2} +2(1 —cosby)
(4cos? (B.L) — 2cos (B.L) — 1) [4cos? (B.L) — 2cos (B.L) — 1 + 2B.Lsin (B.L) (4 cos (B.L) — 1)] )
1 —8cos? (BeL) [(2 — 2cos (B.L) — 3B Lsin (B.L)) — 163 Lsin (3. L) cos (3. L)]
(54)

B 1
Bs =22

Go 202"
5B.Lcos (B.L) (1 — cos bp) (4cos” (B.L) — 1)
2sinfy — 0o (1 4 cosbp) + 4 (cos (B.L) — 1) BeL (1 — cos (BL)) (1 — cosbo)
+ (2008 (26.L) + 3) —2sin (B.L) (1 — cos ) + 0o sin (B. L) sin Oy

—4 (cos 0o — 1) {BeL [8cos” (B.L) (cos (B.L) — 1) + 1] — (2sin (B.L) + cos (B.L) — 1) [2cos (BL) (cos (B.L) — 1) + 1]}
+46 sin 6 sin (5. L) [2 cos (B L) (cos (BeL) — 1) + 1]

(55)
55 NIRRT S A 2 I S B R

~ U2Go
462

1
P = 5U;GE,

6 sin O {8 (1 —cos (B.L)) cos? (B.L) — (4cos? (B.L) — 2cos (B.L) — 1)2}

4cos? (B.L) — 2cos (B.L) — 1 (56)
(4cos® (BeL) — 2cos (B.L) — 1) 44&LmM&LM4wM&L%—U} } |

+2 (1 — cos ) {
—8¢0s? (B.L) [(2 — 2cos (BeL) — 3B L sin (B.L)) — 168, L sin (8. L) cos (8. L)]

X T ILA USRI, 2 E LR E Us = 5U , FIAS LI BRIE IR I 19 A5 30 7 0 80 3 A Al 7 B 48
9NN
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Gos =2(Po + P2+ Ps + Py + Ps) /U2

—0o sin 0o (4cos® (B.L) — 2cos (B.L) — 1) + 2 (1 — cos o)
Go | (4cos® (BeL) — 2cos (BeL) — 1) x [4c0s® (BeL) — 2cos (BeL) — 1 + 2B Lsin (B.L) (4cos (B.L) — 1) ]

5002 ’
(57)

1 1 1 1 1
Bys = 2 (QUéBbl + §U£Bz+§UéBg+§U;B4+5U;B5> JU2

5B.Lcos (B.L) (1 — cos ) (4cos” (B.L) — 1)
BeL (1 —cos (BeL)) (1 — cosbo)

Go {10 sinfp — 56o (1 + cosfy) + 4 (cos (B L) — 1) { }}
x sin (BeL) (—2 4 2 cos Oy + O sinbp) ]

+ (2cos (28.L) + 3)

5002
(58)

\
PR ZRE OB IR, B 4 NI B.d 2k

2.6 HETFABEEMSEYSH R P 708 PR S G, A8 1] 0 o T 7 98

AL B SR M 51, 2% 2 H00] v 1 97 28
FL SRR T DA R A ) R &) 3 O T ) B IR f
D1 TAERE N oA, AR R 1] Bt b AL P A
BoL ZEACRT BT TR T Gy, Bt 5] B BRI A
Bod ALY ZE. I 3 a] LI i, xF T A [F] A9
BoL, FAE— B BRI A B.d, (EHRTES
I Z A SR I RE B fe R, A, HLa Ry B
BMAf B.d X B.L BZEAL+ UK, NI, 6.1 1k

0.20
BeL =m
0.15
O]
=
2 0.10
O
0.05
0 n/2 T
Bed/rad
0.34

0.32

Gps/Go

B.L = 1.03n

0.30
0 n/2 1.03n

Bed/rad

BL AL M £, th 18 4 AT LUE Y, X F AN R Y
Bod, LTS B ORAE XS I Y B, L A T2 51
HI[E 4 B AT LR I, Y B, L B R, B2 h
TS RER A =, SRJA BT Rt
e, IR RBOCR, FAE—1 B.L, [
DT IR BE R BROR, IR IR A i e T
PERL, FIREAAAE— oL, (L T s A4 i

1 BE B d R, X R BOR AR A TAES. B 5
0.30
B.L = 1.02n
§
2 0.25¢}
O
0.20 .
0 n/2 1.02n
Bed/rad
0.40/
B.L = 1.02n
S
=
<]
BoL = 1.04n
0.35 .
0 /2 1.04n
Bed/rad

K3 ILRIBREGE RS 10— i 7 S B 5 AR I OC R
Fig. 3. Gys/ G versus 0 of five-gap cavity.

154102-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 154102

BeL = 1.02r i, 7 [ [A] B B30 4 I 1) Pl TR 480
T Gy, BB AR A .d 2 bRy, Hil&l 5
FTLLF M, B ER 184 in foff F VR R i 4 2Z T 1
FHEAE S R, AR T S A e

1.5 T T
........ Bed =7 /4
i Bd=n/2 %,
LOF— — gd=3n/4 ¥\
. 05f
O
~
3
s L
=057
—1.0 * * *
n/4  m/2 m 3n/2 2n

Be.L /rad

4 TLRBEGER S0 — i TR S 8L BICHR
Fig. 4. Gys/ Gy versus SB.L of five-gap cavity.

0.3

Gipn/Go

0 n/4 /2 3n/4 1.02n
Bed/rad

5 A [ ] BRSO U 6 Y 03— fb F 7 57 38 = L
PSR
Fig. 5. Gyn/ Gy versus 6 of multiple-gap cavity.

1.5
........ N=2 Bed =m/4
1.0 —— N=3 A
Y[ —— N= !~
N=4 '/’\.\
N=5 h
0.5r .
=}
O o
A &
z
=}
O OF
—0.5} NI
\/
—1.0 L L L
n/4  m/2 T 3n/2 2n
BeL/rad

&6 N[ A) B A PR 0 T — f i T A B R U
AR R
Fig. 6. G/ G, versus 6, of multiple-gap cavity.

Bl 6 4 Bed = m/4 I, AS[R] ] BRAE IR 6 1Y HL 17
AT Gy BEAHERRIBR O B 8L Bk
M. HE 6 FFETLIE H, R ZE, BiE
AT AT W AP B S (B K. I8 RT LB Y T
IR 4%, BETAE SRR B, L Bt R BRI 34
AR, X T RCRAS, S TAE SRR 8. L B
[i] BB R G T sk /).

7 o ] BRI s G ) TAEASE 2 A
FHAB ] R O I AR B, L AR A A H Tk
YN B, BHE PR B A B.d B Ak Ze. mIEl 7

BeL =m
_ 1o}
O
<
3
Q
0.5 .
0 n/2 m
Bed/rad
B.L = 1.02x
1.0
<
O
~
2
Q
0.5
0 n/2 1.027n
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Bed/rad

Bys/Go
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Fig. 7. Bys/ G, versus 0, of five-gap cavity.
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ATV, 5B 3 AR, M RaEmg B, fE% &
(IVE Rl N B B.L LA BT S G, 21k
K. K 8 N BRI B B,d 2 A H 1~ 17 2 4
By, Fifi A &R MBI B b0 B VE B AR B L AR AL i £k
M & 8 AT LAE h, X TR B.d, B a4y
T RAERT L) B.L FEAHAE. I 8 1] LI
L1055 R ) 22 ) 48 ) 33 43 TG B g R A b
& B.L BAECERIRGIIAER. B 9 M B.L = 1.02n
BF, AN [ (1] BRSO i s 9 - £ 2R FBL 48 By, B )
PRECTRVE R A B.d b4, K 9 T LIA
(] B 118 248 o 4 Hb, 3 R e A =2 ) A L e 4 1)
TCURER R, BR A H S I IR TR IR R AR
L. & 10 K Bed = m/4 I, AS[R] 18] PR Ak 4% Jes
(- TR 2k FL 9 By, Bt R <08 1] Bt s 0 3 U 7 A
B.L LR ZE. I 10 [FIRERT LUE ) (Al BREi
2, 15 S 2 (A AE B A5 ) oD D 5B
R, BR300 TR s P 40 23 5 K

1.5

1.0f

0.5

Bus/Go

—0.5F

~1.0 . . .
n/4  m/2 b 3n/2 27

B.L/rad

K8 TLRIBRIERA B9 — L TR S 6.0 MK R
Fig. 8. Bys/ Gy versus G,L of five-gap cavity.
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\-
_____ -
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B9 AN [ E] BRSO IR 45 09 U3 — b e - (R 0 F 4 5 b
AR R
Fig. 9. B,y/ G, versus 6 of multiple-gap cavity.

1.5

Byn/Go

K10 AERBREERS WA b FREmNY
B.L MR H
Fig. 10. Byy/ Gy versus [,L of multiple-gap cavity.
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TR IR A SRR T, R/ Q MRS fIRHE
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BOE FLABERIE SAAMEIBREE d = 0.11 mm,
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YEHL R A 21 kV I, W] 45 B[R] BB O U R A
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Fig. 11. Gy versus U of five-gap cavity.
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v, ]
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Fig. 12. G5 versus U of five-gap cavity.
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TR, HAMRIR LS E N 3.2 x 107 S/mbP7.

HINEE il i

e

z

P13 4R ELAE O e A R A A
Fig. 13. Model of the extended interaction klystron.

3.1 FHAFEILELIZ T

i A R FH L () BB IR s, fIE Ak S ) B o
d = 0.11 mm FAHSF PR PO Z B R E L =
0.2 mm. 0% I8 D)% AR 538 i F A LAY O
AR AR, AR R FES BEE V,,, 5
AT P, Z A RN 2

8F)1nE Qext
— Q (60)

Ve = X
Qe In_ b
(1+ Qﬂ ) * |:Q6Xt (fO fin>:|

P f TR T PR, f Fon i AR
PR, Que R A TR S FLF B HFE.
Qn FRAETEIR I (1 2040, AL 4R 1 14 [ A 4
#& Qo T IR TERIIFE @y, R RO

1 1 1
@ == @ + @ (61)
SRR Q, i F X 2
Qp = ! R (62)
%-é

Hi (60) 2XnT AT Hh, 1E5 A DR —E i) 4 1F
T Y Qe = Qu I, FaI AT B 1 7 B it TR B
R, BLHHE S e A RS RN, BRI E 3
AT AR A FLIN A ZARE T3 R Y Q, Bl . 18
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o = HER LD TR R Q) = 413, R/Q =
110, 7EFL R 21 kV, ML 150 mA B, AI4% @, =
5070, It Q. = 380 I S /).

3.2 HHEMREEEF Qu

A R P R BB PR s, i o s e = AR A
Rl A FLA A A SR T2, it =2k
REAT AT AR Q) = 413, R/Q = 110, #i&
REM = 0.74. F I INE T F Que FTF
ez B3):

Uo/Io

RI
Mo
RAE B8, SR AR /1) = 1.2, 7]
13 Qexr = 1940.

Qext = (63)

3.3 ¥V EIEEAFRABZSRTESH

R T FIW S A B S R I T AR R e
T EAHTG AL TR R IR I SR A2 . PR
i SRR R T S 20
1/Qi=1/Qo +1/Qp + 1/Qext- (64)
7S G, WIEER, 2R B M
Wb W SCRE i, GRS O A T R AN
W, TR A B s BE SRR, DLRT @, > 0, Nk
A ARG, YT REBRS G, AAER, FR
T ML FTEISCRE 12, LR A T 3 M 1
WAL ) B K T 7R I BE B R RE R, B @, <
0ff, kA ARG, RZAS A AHIRYS.
Kl 14—&] 16 Rfan A o a] s RN s 5 T AR
2[R — >3 10 25 5 =X 1) Fi 3 0 Al ) 1 0 1T
B 17—[& 19 g AR | il s Fndi s Q, Bl T
YRR AR IR 2R, th BT LAE H, 7675 1 TAE
HLURIEFN, Q MR, BERHAS &4 AR

EEAHEIRIT

AL E = s i S 8N4 1 s, 1Ak,
L EE 42 r, = 0.1 mm.

3.4

5

|
g
>
2 o0 o
< NV
R \ /\, ".-{\ /_-: 1n/4 mode
v\ I‘-_V_-'—-—2n/4mode
I\ [. “._ i — — 4n/4 mode
'\ I' FSSEEELEEEEN 3n/4 mode
v = On/4 mode
-0.8 —0.6 —0.4 —0.2 O 0.2 04 0.6
z/mm

& 14

&R E, Wl i 436

Fig. 14. E, versus axial distance of each mode in input cavity.

5
T
g
Zo
=) s
Z ;
5 k ! 1n/4 mode
V_-\_ ] v — - — 2n/4 mode
Y / — — 4n/4 mode
'\ I' ------- 3n/4 mode
o = On/4 mode
—-0.8 —0.6 —04 —0.2 O 0.2 04 0.6
z/mm

& 15

TRl E AR B, W Rl i 4 A

Fig. 15. E,versus axial distance of each mode in middle cavity.

5

T
g
>
:é: 0
—
~
= \ 1n/4 mode
v \_ I VI —-— 27/4 mode
\ ] .: — = 4n/4 mode
'\ i %5 wreees 3n/4 mode
U = On/4 mode
—-0.8 -0.6 —-04 —-0.2 O 0.2 04 0.6

z/mm

& 16

i T A B, Y Al 1 14 43 A

Fig. 16. E,versus axial distance of each mode in output cavity.

R 1 G B RO RS S A S5
Table 1. Structural parameters of G-band extended interaction klystron amplifier.
IR YhJa] TAERE BRI/ GHz W1 it BT PRI Q. AL BT PRI Qe RS /mm
LN 2 niR 218 413 380 0
Hha] i ni 218.05 413 ® 4.87
i H i 218 413 1940 7.77
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240 T T T T T T T 0.5

P /W

- 1n/4 mode

- —-—- 2n/4 mode |
— — 4n/4 mode —0.5
........ 3n/4 mode

0On/4 mode t/ns

180 |- — —

160 * : ’ . ’
17 18 19 20 21 22 23 24 25 & 20  WEHHE A SR
Uo/kV
Fig. 20. Waveform of input microwave.

B 17 HABRESEX Q SHIE U)X R

. - . .2
Fig. 17. @ versus U, of each mode in input cavity. 0-20
600 T T T T T T T 0.151
L
550 T < 010
~
500
0.05
450
¢
400 0
- 1n/4 mode
350 _ —— —-—- 21/4 mode T 2/mm
— — 4n/4 mode
300 F e 3n/4 mode A P21 R L AR o 2 e £ 43 A
On/4 mode . .
250 . . . . . . . Fig. 21. Fundamental modulated current amplitude versus
17 18 19 20 21 22 23 24 25 axial distance.
Uo/kV

K18 A Q SRR U KA

Fig. 18. @, versus U, of each mode in middle cavity.

450

400

& 350
t/ns
- - 1n/4 mode
WL -7 e ] Bl 22 BRI R IY
"""" 3n/4 mode Fig. 22. Instantaneous waveform of output microwave.
250 | On/4 mode |
A FF, i A A B B8 7 AT L 457 T 78
o . . .
W37, WS B g A R A T R EE A
S ARBIEAILL Q SRIE G B WIS P D A B, 2
Fig. 19. @, versus U, of each mode in output cavity. iﬁﬁiﬁﬁﬂ\mﬁ%ﬁ%jﬁﬁ ﬁ%ﬂ@ﬁﬂy 129% Iz_l 99

WRAE EIRESHI SR, K = HE g {5 EL A ok AN 23 7531 o i 14 M i 11 Ak M 00 ) B el i 4 0%
TR, BB e an &l 20— 23 fizR. Bl 20 M WA, ol ke 2R 179 W, FG iRy
M i 1A S 0 Py st D)3, T R A 11 ) 218 GHz, % th Uy R, 78 TARBUR B L i
FRICIIARIN, AT B ol — 38 7 R HSCTE i A\ s e AAAE
b, — AR R T TR TR 21 A R A R R ) N T T R EA R e A
Py Rl B 3 A, AL i e AR FIPERE, 7B TR ALG SR AR IR i
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3 FELFE TR O A AR FE S it TR P TR TR
Ko BRI, S5 RANE 24— 27 PR,

Pl 24 Skt TR ARCR Bt A SRR ARk
ORI = I T IR R & S S NG D
BT R g 217.94 GHz, Iy 3l 36
185.5 W, HL TR N 5.9%, Witk 29.7 dB. M4k
SBT3 5 WAL, i 1 Do 0 A5 0
JIN A S AR A IO 3R 5 VR A 1) AT T PR A
% 218 GHz 2% 60 MHz, 356/ 2% Bl —34 4%

2000

1500

1000

W/GHz

500

0 L L L
400 420 440 460 480 500

f/GHz

B 23 G Th R

Fig. 23. Spectrum of output microwave.
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o S
—— Pout :
50 2
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0 : : - : —J o
217.7 217.8 2179 218.0 218.1 218.2
fin/GHZ

24 i th SRR OB S AR I 56 R
Fig. 24. Output power and efficiency versus input mi-

crowave frequency.
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150 6
g ‘.
< 100 TN
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25 i th DR L OB S AR DRI e R

Fig. 25. Output power and efficiency versus input mi-

crowave power.

EHTHFAEANTE dE 248075, ¥
FEH AR R 3 dB 4 964 470 MHz.

&1 25 Ay 0 D) 2 A 3 B A AT D 3R Ak
PSS, AT LA S5 A ROE TR/ 200 mW
B, i 0y S5 TR LR 3R B A i AT T 2R 38 o
MR, 5 AP ZRT 200 mW B, it o)
I R AR S N @R ) TR A A S
SRR TE S AT D23/ N TR AT R0, S A
i R ) R R P 3 R R P B89, i ik
SV 0 B B AR S B AR TR, B A DR, B
B, i HH ) R L TR B s A T R KT
B, M5 AR TR K AR A AT R, 72/
T B A AT O gk Bl R, Hom AR
R, s AR A AR, R A T EE R
fig HH T R H 5 N

&1 26 Ay B D R ARG F - R AR Y
T, ATLAE Y, i 0 D 2R Bl A H R A 3G oK.
MTAEHEJE/NT 24 kV B, B FRORBES BLE K
BEINME AR, M TAEREKRT 24 kV B, EFR0R
B 25 FL R A B I e/, TR E R AE T 24 KV
HL R Rk B fe K (H 6.26%, AH N i i T R ol

250 10
K
200 8
£ 150 f6
3 X
® =
=~ 100 4
50 *— P |y
—k—1
0 0
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B 26 il SR A E TR S T AR Y C R

Fig. 26. Output power and efficiency versus voltage.
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+ + + 1
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Fig. 27. Output power and efficiency versus current.
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225.5 W, Hi25 30.5 dB. XJEF NH FHEAD EEH
YEFH SRS g ShEt, Ao I Re e 3 o i
WeREHE, T S, A TR RS
FLV& 1 [R) 25 Ha P g — 2.

P 27 Ay i ) 25 RS0 Bt FL 3t A8 TR 1
ATLUE W, S TAER /N T 150 mA B, 4 TR
FIH FRCRBE A BT AN . TAE R K
T 150 mA B}, it 1) 38 B A R U %) 38 i3 oK
R A TR R A LU A B I T8/, = R
P = A N I 1 2 5 A o N e e
TP K K, H i Bk I R A TR
I FEREROIRAS, BT ARG HL i A 3G 0, 4 s TR A
L FRCR AR 2 3 0. Y e T AR e, 28
ST TR AT )| I = N N S I )
TR R C 2ad T R ERRORE, Frlit
B R PRI AR08/, AR R i ST 3R A 3
i, it DERATE IR B T AR R IR A G K.

4 # #

ARSI B B A HEE | BRI L I PR H far ST
fE A, AFST T HL T 76 2 (R BB IR I o b s v i
S TRV, e — ] i 281 ) i A ) H 7 71
L A TR AN A, T TR R ]
Bl v B2 | [) PR SCR ] Bi ) B S S 000) 10 S A
2 [ fi B 340 B R e RIS B s T IR ATR A 52 ). A
YR, ] B B G R F ek BAE R, AL,
B R B A N, H T B 2R F R R (R, 0
I [) B 501 8 2 (0 R I 28 P 7 5 A R 7
PRGN AR L, R, 7Eaf e R /R R
(R85 AR R VA s VR IR AT 75 5 PR 3 i —
TS BUERL, "I T — R TAETF
G P BERY P R LA s AT iR AR P A R
AN, UL TR 24 KV, BN 0.15 A, FiA
L1k 200 mW, Hlifa) 5| SRERRN 58 E A 0.8 T B,
TErRO IR 217.94 GHz 40, iUk 225.5 W,
HLFR0R N 6.26%, #8354 30.5 dB, 3 dB #7964
470 MHz, At G P B & B AF H 45 2
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Abstract

Extended interaction klystron is a very important millimeter-wave and sub-millimeter-wave vacuum
electron device with many actual and potential applications, such as space-borne cloud profiling radar,
communication, imaging system, precision guided missiles, etc. Kinematical theory and space charge wave
theory are extensively used to analyze the bunching process of electrons. Kinematical theory is precise when
electron beam is especially small because the influence of space charge effect is ignored, while space charge wave
theory is accurate when the modulation of electron beam is small since it is based on the premise of small
amplitude. Based on kinematical theory, law of induce current, principle of charge conservation in a one-
dimensioanl mode and small signal condition, the influence of electron beam on standing wave electric field in
multiple-gap cavity is analyzed, and the expression of beam-loading conductance and beam-loading susceptance
in multiple-gap cavity are derived. The influence of the direct current transmit angle of single gap, the number
of multiple gaps and the direct current transmit angle of between center of adjacent gaps on beam-loading
conductance and beam-loading susceptance are analyzed. The results show that the beam-loading conductance
and beam-loading susceptance of multiple-gap cavity can change to a bigger extent when the number of cavity
gaps is bigger, which means that the maximum beam-wave conversion efficiency and the range of loaded
frequency increase with the number of cavity gaps increasing. The results also show that the direct current
transmit angle between centers of adjacent gaps is the most important parameter for the beam-wave interaction
effect. Based on the above analysis, a G-band extended interaction klystron amplifier consisting of three five-
gap cavities is designed by an three-dimensional PIC code. An output power of 225.5 W at 217.94 GHz with an
efficiency of 6.26%, whose gain and 3 dB bandwidth are 30.5 dB and 470 MHz respectively, is obtained by
simulation. This study is of great significance for the physical design and process in engineering the G-band

extended interaction klystron amplifier.

Keywords: G-band, extended interaction klystron, beam-wave interaction, beam loading
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