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Fig. 1. (a) 3D cross-section and (b) 2D cross-section of the Ku-band single-ridge waveguide within dielectric filled.
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Fig. 2. Relationship between the impedance of the dielec-
tric-filled segment and the dielectric sheet thickness when

the operating frequency is 11.85 GHz.
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Fig. 3. S-parameter simulation results for the designed PT-

FE-filled and PI-filled ridge waveguide devices.
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Fig. 4. Spatial distribution of the electric field within the
PI-filled single-ridge waveguide.

AU EIFRE SEY MK 57

TR A RO R, TR IR
PEAR R R B T ) SEY BUE. A TAR T ks
(R 1 b, SRR R T X R 1 3 el dn A 43 Ry
PTFE, PI R G 4. Wit feh, R AR
41 H Y K T R S s A 142 g B
PE LG PTRFE, PTAEEMRS A 4 3 KRR
SEY, M4 L anf& 5 th i s, 3845 SEY il
WEHEE, 76 CST #44r) SPARK3D i
Vaughan #5751 2 SCEL SEY ${E L&, 153 3 Fiks
BHY SEY BI4 4k, BIALER A 5 Hli g s,
PTFE K SEY fH (fATic A 6,,) H 2.1, ffif3 SEY
J 1S — I FERE I (RTC 8 Epy) A 40 eV; PI
) 6, N 1.4, Epy 4 65 eV; PEEURE 4R 6,0 N 2.0,
Epy 45 eV. Il 5 ik iitadiork B, 3 bk
IR R S AL AR (A 0 L 25— S e

24

PR A ke b P A5 SR R R A
g — 2ok, RIS 2R S IS RAH LB, fETS
P T E R R 5 Lo e ) R A e e
L.

20
1.8
1.6
Ve S
E 1.4¢ — PTFE
0 19 — PI
“l — YR AE S
1.0r | HliRea S
J + PTFE
0.8F e PI
0.6 A PR A4
200 400 600 800
EP/EV

Bl 5 RZAFLR L PTFE, PIRISEIRE & 410 SEY I
A5 R B A ik

Fig. 5. Measured SEY results and fitted SEY curves for the
untreated PTFE, PI, and silver-plated aluminum alloy.

BERESRBBSEFES T
B AR O B, 72 BAG
SR B I SR A A% A5 R IR 3 53 A A 1
FA SPARKSD Hr, [A] B WA 15 A TR 5 I
PP ER ) kL TR A R O B e
FLAA 11.85 GHz, #4451 3000 4, IFFIH
5 Hig 2l ry SEY 4k & PTFE fl PI DL K& 4
JEA R SEY HI£R, S 2l m R AL B 74k
WALy s R, WE 6 Fi. PTFE Il PTH TS
1) T 5 00 S 4 A BB P TR (L 7 B 45 SR 49 iRy

2.5

@l DB (b)) B 0:
. . PTFEHZAE : PUHT
soool | I : I
| |
o 6000} | l
o | i g || AT
2 4000l k 5000 W | 5000 W
| | 7500 W ! — 6250 W
. : 7656 W L 6875 W
| { RERTRS 7813 W l . ---TI88 W
2000 N ; 8125 W " 7344 W
DN —.-8750 W 7500 W
=il — 10000 W[ & < —.-10000 W

1 2 3 456 789
If18] /ns

0 2 4 6 & 10 12

18] /ns
6 FRHF TS [ A TR T RH Y A
FEARZ AP PI
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Fig. 7. Schematic illustrating the suppression of secondary electron multiplication by microporous surface treatment structures:

(a) Flat planar dielectric; (b) microporous-treated dielectric.
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Fig. 8. Surface and fracture surfaces of PTFE and PI sheets obtained via SEM: (a) Microporous PTFE surface; (b) microporous PT-

FE fracture surface; (c) enlarged view of microporous PTFE fracture surface; (d) microporous PI surface; (e) microporous PI frac-

ture surface; (f) enlarged view of microporous PI fracture surface.
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Fig. 9. Comparison of surface SEY curves obtained from
PTFE and PI microstructure samples after femtosecond
laser etching treatment with the SEY values of the original

surfaces.
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Fig. 10. 2D schematic of secondary electron trajectories: (a) Without RF electric field; (b) with RF electric field; (c) influence of RF

fields on electron trajectories via Monte Carlo simulations.
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Fig. 12. S-parameter test results for four sets of ridge

(a) #15 PTFE

waveguide devices: (a) Ridge waveguide filled with PTFE;
(b) ridge waveguide filled with PI.
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#3, device filled with microporous-treated PTFE; (b) Model #4, device filled with microporous-treated PI.
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Abstract

Multipactor is a critical reliability issue in space high-power microwave systems caused by secondary
electron emission (SEE) avalanche. This effect degrades the performance of microwave component, or even
cause failure of spacecraft in severe cases. Dielectric-filled microwave components, known for their high @
factor, low loss, and ease of miniaturization, are increasingly employed in space microwave systems. However,
introducing dielectric in microwave components makes multipactor evolution more complexity since SEE
process induces charge accumulation on dielectric surface and further affects the electron trajectory. In this
work, by taking microwave ridge waveguide devices filled with polytetrafluoroethylene (PTFE) and polyimide
(PI) as the research objects, we conducted device design, modeling, and multipactor evolution research. The
physical mechanism of SEE avalanche for the dielectric microporous structures was analyzed. The theoretical
results demonstrated that constructing microporous structures on the dielectric surface can effectively reduce
the SEE yield (SEY) and significantly enhance the device's multipactor threshold. Then periodic microporous
arrays were fabricated on PTFE and PI surfaces using femtosecond laser processing. SEY testing results showed
that after constructing surface microporous, the peak SEY of PTFE decreased from 2.1 to 1.4, a reduction of
33.3%, while the first crossover energy (Ep;) increased from 40 eV to 95 eV. And for PI, after constructing
surface microporous, the peak SEY decreased from 1.4 to 1.1, a reduction of 21.4%, and Ep, significantly
increased from 65 eV to 205 eV. The microporous structure raised the multipactor thresholds of PTFE- and PI-
filled single-ridge waveguides to 12374 W and 12109 W, respectively, representing an improvement of
approximately 5000 W compared to original devices’ multipactor thresholds of 7734 W and 7265 W. This
research provides an effective approach for microstructural treatment of dielectric surfaces in high-power
microwave devices, and holds significant engineering application value for anti-multipactor designs in various

microwave systems.
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