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Design of compact directional coupler for X-band relativistic
triaxial klystron amplifier

He Changjie, Zhang Wei,  JulJinchuan, Xu Liurong,  Cao Hongchang
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: To realize the on-line measurement of power, frequency and phase of modular relativistic triaxial
klystron amplifier, a compact directional coupler with high directivity and bandwidth is simulated and experimentally
studied. Based on the theoretical analysis of the pinhole coupling theory and the phase superposition principle, a dual-
hole compact directional coupler is designed. On this basis, the main and auxiliary waveguides are connected
orthogonally, and the coupling holes are distributed along the axial and angular directions, which further shortens the
length of the coupler. The parameters of the coupler are optimized by electromagnetic simulation. The simulation
results show that when the center frequency is 10 GHz, the coupling degree of the ordinary dual-hole directional
coupler to the TM,; mode is —60.68 dB, and the directivity is greater than 20 dB in the bandwidth of 250 MHz, and the
coupling area length is 3.49 cm. The coupling degree of the improved directional coupler to the TMy; mode is
—58.1 dB, and the directivity is greater than 20 dB in the bandwidth of 300 MHz. At this time, the length of the
coupling zone is only 1.8 ¢m (about 0.64) . The cold cavity experimental results of the coupler are in good agreement

with the simulation results.
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Fig. 1 Porous coupling model

1 ZALEmG R

2 {RE&EH
BOTE A A A% e B PR E A | RIS RS, BRI TKA fi i s DC A, RIEA2 2 35 mm (915 9

053004-2



ARG T X BUR S A A 18 3 1 7 0K 5% 18 22 T & 1 58 o 5 1l i 8 i

(5OHEEYRMIET & L TKA f b imEa —80 o @IS 1 Xk Bed H bR fE 4R 2 %5 BJ-100(22.86 mmx
10.16 mm) .
21 EENILEEBE R
FE2EFLANG 25 (CRAALAR A ) 2 25 A0 B (AT SR AR5 25, T8 0 I8 0 R A L B AR R U 5 BE 1) L B8 T D S B — o 1
MR o B SERRAS, o 10 PEAS i, M LA S B 7 FH 26 125 D)o B0 A ZE 2l e X v o A5 598 2 AL R & 45 AR 08 38 i 1Y
AL, ARG LA | LI BR S S EOR ARG B | 5@ Wl R 5 5 v g, BFLECE 3 i 32 TUAS o
B KRR 8 AR, 2S00 09 S PR S AN, T LA 1 5 /0 (LR SE BRI A 28 A PR RE TR SR R — R TR
I —E T S ARG, 20T EBCE AL, RIAT (45 7 55 2 X 09 A AL 7E B S P TE 1 AR T
B8 Y R ] A T AR T

Ay . .

LT P (it =1,2,3,)
o ) 1a=a (3)
] | A (- ] (i-=0,1,2,---)

A, \mTa) RS

P A, 2 E IS My, B S K AR RIS TE o BRI o DA, FIARY 22 R B AR K, fdi Al 4 A
2R AE B 5 b 1 1) AH T 3 5 935, FLIRTEE S ¥ 23R 5 K, T A — At A 2 1) AH - AHTE 9 07 7 .
R BRIS 115 v 15, fLIAIHE $=26.3 mm, i id CST 15 & 0

B 9 optimizer D AEXHE & FL AR, B A JLBE L, FLIM) 20 A
B B R/, B A R SR T A AR A, 7 '

0+

m
g
THMEROME MR E 2R, —— oupiing costfciet
9.8~10.2 GHz 305 165 FH A, T 1 AL 52 1 S 4 2R & g 20T g soetlicient
FERASE 7E (60=1) dB LA, G FIPETE 250 MHz IO S8k T & 0]
20 dB, 7E—EH N I T RAFIOMAYERE, IWAHBAK Y § 00p
KB 25 3.49 om. E g /\,\/\
22 HHBNWILEREE S ~100 - - - -
9.5 9.7 9.9 10.1 10.3 10.5
'f’g%/ﬁg ) *%%%%lﬁﬁﬁﬂ“—ﬂﬁﬁ AL FLAR | FLEE . E‘Liﬁﬁt frequency/GHz
SRV RS G L PR TR SR, X AR AR E Fig.2 Transmission coefficient of the directional
B SRR AT R AR T, A AT gk O b S R Al e K coupler with two holes
(8T, R 2 A SO R O i . A s — A B2 BAZEHe#0RRRN

AV T B RE G L 53 A AT B i R 1] P R U R 1 RS 2

A AR B PT RT RIER 2.1 719, 8 2 Rl 1 S AT AR R 4 R 15 B Bl 1) RS, A 2 T S
U5 G0 BE IR AL U 0 SEBE T T dxe, dz J7 1 TR A AL, AR BT, X 28 /N LR B 3 RE RS 1 1) AR -

TEVZME G P, AR S 78 U T P T de 07 A5 4%, 75 RIS T dz O7 1) A 88, nT U 78 de, dz PIASTJ7 1)
P /N FLE L B R AL AR A 5 o I HL AT LI S 75 dz J7 1) b 38 I FL B 80 F R 0 AR 5 4 1l 5, DAl
BB B AL 1 T B n] AR B A R 4 AR S A A B 1 R

P 3 3y WUAL RE 1) 48 e B 0 L2, e LA Sy Sl F 5 %) R S ik T S B O IE B M o A3 1 1 A TM, A
AP AF 5, A5 5 Wb 11 2 i, /N 255 0 el R 1 FLA £ 2R v, AR J5 R (4) P Hh O RE DU BE, m]

PLR B E RS LIS EL
A* = a7 +azeiPinBa) ﬁ port 4
{A = afe’j’;“‘Z +aye (4) é port 3
coupling
TR (4) h, A7, AR 10 3 HI 11 4 (15 590 B, B, dZT hole
B 0 AR ol R K LT 3 3 1 port | oo
dz AT DA i i A A7 7E RIS ob 9 2, DA T 4% o i 1 3 y
AR, AR A SR A0 R LT B RAE . T — s
iB * *EJ%%%E 5FEE ] j‘f ] By % *"J % ?% s 24 ﬂ] Al DL dz Fig. 3  Structural diagram of cross coupler
ok S BLHE G A 1 BRAH MR RE B3 R A A L AR

053004-3



wmoOoW e 5 K TR

7E L % {7 EAR AT CST microwave studio 7, X dx Al dz MEZEATBLALIL o doe B HUELA REME WAL A A & HOA
REHR I I 5 5 BE (03 [, 45 & TR SRR, 9025 B dv=10 mm, B0 dz A9 BUE, J7 [mPERE dz i 28 TR A8k, W&l 4(a)
7R, 2 30 mm i 3k B R (B . B dz=30 mm, /)N BOE de B9 (PRUERE & #1958 1), RE-A 4% O [ 14 114

AR ANTE 4(b) B, ATAL de=10 mm iy SR AL
35

30 -
25

20

transmission coefficient/dB

28 30 32 34
dz/mm
(a) with different dz

24 26 36

transmission coefficient/dB

35

30+

25+

/

/ \
N

20 -

. \\
olb—
80 85 9.0 9.5 10.0 10.5 11.0 11.5 12.0

dx/mm
(b) with different dx

15

Fig. 4 Directivity of the designed coupler with different dx and dz
Pl 4 JrimPERE dx, dz BUEAE Rl 2R

IR Rl A /A Y AN BN NN DR 2 S B ke
SR RZ W, JE— 0 AT B AL, 2R A2 1 T ST,
WA 5 R, #4280 400 MHz 4 58 9 FER2 25 4k, 7 10 GHz
T ARSI R T M4 —58.1 dB., [A] i}, J7 [ % K F 20 dB 1
5 B 24 300 MHz, i TKA (752 I 42 44E 7 4 ) iy
Gi. WEERE, LB o8 4 mm, PIALLE dz J7 1) b AR B
R 10 mm, F5 G XAl 1) K E— 25 46 K 1.8 em, (U B S
FE ARG AR 4%, 38 2 A B B RN 2L 0, RS
il RH R 5 em.

25 1 O A AE T BT LA LA 4k S R AR A AR 1
A G, [ B AN G G 2 0l B A BRI A
A E R

40

g 2
g of
&% —— coupling coefficient
5 20} —— isolating coefficient
3 —— directivity
5 —of
‘g 60F
2]
§ 780 W

—100 +

9.8 9.9 10.0 10.1 10.2
frequency/GHz

Fig. 5 Simulation results of cross coupler

Bl s 5 BRI E v I 0 A5 2R

®1 BABEUSHHE

Table 1 Coupler parameter values

number of holes 7/mm dx/mm dz/mm hole height/mm bend waveguide/mm
2 4 10 30 3 10

23 HWBAFAEIZS T E/(V-m™)
7 10 GHz 304, JH T, BSOS 11 1, 455 A% 0T
0.5 W, KL £ 7 T 1 F) 1t 0 43 14 W FET 6 0% o I 1 0
IF 2% 1 P 3R 3 5 W {24 M 656 Vim, PEHL E,0, =50 kV/mm 330
R EA R 2R, TR 2R G AR TR B R 2.9 GW, %@% ]
S VAI B 08 T LA 1 588 20 0 R A AE 2 Ik 5K EE

3 A2MEIE

BT AT LA S, 0T T 50 ek A X B
FLSE RS A 2 (B 7), I Halh AT T Ik . v I & e dn
B8 1% o Fh 2% Bk IO 265 43 BT 407 A B TRl 35 53 3 T™ L, 3%
Jil 5 T A B S 1 R o D v, U A i U R 4K
S 160 B 4 98 5 U S RE L LA A T AR 1 e £

053004-4

L
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