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Fig. 1. Etching patterns on alumina surface: (a) Porous sur-

/
A
A

face with square hole array; (b) etching cell of square hole.

2.3 TiN HiRH &

Sk P B UG T S ) £ TIN R, DI
AR (<2x104 Q/m) B N BIEE R (5
] 100), ¥EHL 5 H T ESEGHI TR, AT
REAS SR A SEY R 1) TiN w4 T 2.
ST, MU FH PR | TERS R 2l K et I A T
HEIVE, AWK T, IRSHE R M4l TiN P %
B (21K 99.99%, BEAEA 76.2 mm, JEEEN 5 mm).
WESTHT, EANARIRES 2L T 3x10 Pa, WS
iR ARA (Ar, 4R 99.99%) 1E R TAES
7, AR (N, 405 99.99%) VA RO SR,
it 900 2 TS BRI R RS B s . S P
S 0.25 A, TAESJE 1.2 Pa, Ar it 15 scem
(1 scem = 1 mL/min), N, it &R 0, 5, 7.5,
10, 15 sccm, 5 4 1.4 S BRI FE AR IR IE N
TiN#1—#5.

2.4 FREFEFK SEY Ak
O BB (Keyence VK9700, HZAR)

XPHOGCZI e S =4S BR A7 3RAE, TR0
B (AFM, Bruke Innovation, %[ ) % TiN j#
IR TEAEURE 00 T A, TN o A V5 B S i 1 i el
T BB (SEM, Hitachi S4800, H A%) Wil #% i
3.

RS SEY MK 2 4175508 TiN AR
R RAF, SR AR FLRIA AT SEY M, AH
M w25 5Bl 278 S0k [26]. BRI TR
g SRR N 4500 VD, 7R —AE R
PP ASG, A0 R 32 1
1R A1 AT, S A St 3t el R it PR VA A R 3
i 1y R S IN-20 Ve, SR AR Rl —
RES AR, ZIREFERA WML T 2 HR1EH
TR e B L, DA AR SRR L. 1, 5L
ZEE R AT, %251 1 B (e ED
HZAGTRER T ) SEY.

YT, BT R H AR R A 2 ORI AR
Wikl SEY. i SEY Ml-F & A R4k, {43
Ao 2 A (hAe 1 5P 2) B RATEBR
A TR T A AR 2R, AE DGR ] S Sk [27).
ELRM R BRAN T . B eI 1 A RE AL
TURHL R T A SCER BRI, DA U
W Igp. ZJA X AR SR TR, Vg R V,
Vs > Vg, WP A 1 &5 B R EK
IEHATEE Vs = Vg &AW 2 J53h3F & 4168
H250 300 eV HL T, it SEE i fE 4 S8R
FREIE LA, 77 AR 1Y TE fL ey 5 R af R AR R fLF
AL HE Vg > Ve SRJE ARG 2 SCH, g
LR HR R A EHE Vg = V. RN
HHSE U, TN — DG T RER (ICA E,)
J SEY &

TR P R 00 3K P PG 22 28 B R A T B R A
RN RS8R, 20 L D R e RSt 2000 W
DLIN Y% 22 0%, AR Ry 14 GHz, HL.25
T 1x10°° Pa, W] SE LAY PR DA B R
~70 °C #4150 C.

3 R 546
3.1 1 SEY #1545 B IsE

P 2 S W T CST B s S 4 8 4 AL 40 B
e A [+ Al (0K 0 e o 1 BB Y. CSTT i LA
RFW]: AR TAR S R A 2 Kb ot g 3 XH

107901-3



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 10 (2023) 107901

P2 [V O i O AR 7

Fig. 2. Simulation model of designed coaxial low pass filter.
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Fig. 3. Simulated evolution of electron number for the four groups alumina-loaded devices with various input powers: (a) Group 1
(5111 = 437 Epm =500 eV); (b) group 2 (6111 = 367 Epm =450 eV); (C) group 3 (6111 = 2'57 Epm =400 eV); (d) group 4 (6m = 1'27 Epm =

300 eV).
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Table 1.  Simulated multipactor threshold of the
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Fig. 4. 3D morphologies of laser-etched porous alumina samples: (a)—(d) Sample #1 to #4, similar porosity but different depths;

(a)—(d) FEM#AL—44, LR LA RUIEREARR; (d)—(g) FEM#4—#7, WE

(d)—(g) sample #4 to #7, similar depth but different porosity; (h) sample #8, untreated original alumina.
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Table 2.  Measured feature parameters of laser-etched microstructures.
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Fig. 5. SEY curves of alumina samples with surface microstructure: (a) Samples #1 to #4; (b) samples #4 to #7.
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ized.
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Fig. 8. SEY curves of microstructure alumina samples coated with TiN thin film: (a) Sample #1 to #4; (b) sample #4 to #T7.

# 3 UESHABRE SR IYEE TIN MRS SEY RHiES8Eit
Table 3.  Feature parameters of SEY for microstructure alumina samples with/without TiN coated.
280 #1 #2 #3 #4 #5 #6 #7 #8
BETING,, 1.87 1.28 1.09 0.79 1.07 1.49 1.75 1.87
WTIN E,,/eV 615 588 694 470 528 605 908 357
TeHE)Z6,, 2.12 1.75 1.39 1.10 1.50 1.70 2.09 2.46
Aby, 0.25 0.47 0.30 0.31 0.43 0.21 0.34 0.59
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Table 4. Measurement results of insertion loss and mul-

tipactor threshold for the fabricated devices.

RABFERMACREIE  A8F#1 SPF#2 2ePF#43 deff#4

i AiFE/dB 0.17 018 024 024
AR = /dB — 0.01 007 0.07
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K1 SEY. M X ge 43 1Y X sk 42 K it AT 5
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AT A 1 A4 8 1 ok e R (B B AR S, TR E
650 W, AH LU T #8141 B0 0 (B 58 4 B K 3
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Abstract

For the high-power microwave (HPM) components applied to the space environment, the seed electrons in
the components may resonate with the radio-frequency electrical field and may further lead the secondary
electron multiplication to occur, triggering off the phenomenon of multipactor. Multipactor deteriorates the
performance of the components, and in severe circumstances, it is even possible to result in the failure of the
components or the spacecraft. Alumina ceramic possesses good dielectricity, high hardness, good thermal
isolation, low dielectric loss, etc., so it is widely used in HPM systems including dielectric windows, and many
other microwave components. However, alumina ceramic possesses a relatively high level of secondary electron
yield (SEY or 6), indicating that the devastating effect of multipactor discharge is likely to be triggered off
inside the alumina-filled HPM components in the space environment. In this work, the model of alumina loaded
coaxil low pass fillter is simulated to verify that reducing the SEY of the alumina surface is effective and
necessary to improve the multipactor threshold. After that, we use several technologies to achieve an ultralow
SEY on the alumina surface. Firstly, a series of microstructures with different porosities and aspect ratios is
fabricated. The results indicate that the microstructure with 67.24% porosity and 1.57 aspect ratio shows an
excellent low-SEY property, which is able to suppress the SEY peak value (8,,) of alumina from 2.46 to 1.10.
Then, various process parameters are used to fabricate TiN films on silicon sheets. Experimental results indicate
that the TiN film achieves the lowest 8, of 1.19 when the gas flow ratio of Ny:Ar is 7.5:15. Thereafter, we
deposit TiN ceramic coating onto the laser-etched microstructure samples, and an ultralow §,, of 0.79 is finally
achieved on alumina surface. Then we implement a qualitative analysis to explore the influence of surface
charge on the secondary electron emission and multipactor for the microstructured alumina surface, discuss the
mechanism of low-SEY surfaces mitigating unilateral and bilateral multipactor. For verifying the actual effect of
low-SEY technologies on the suppression of multipactor, we use the technologies of constructing microstructure
and depositing TiN films on the alumina surface which is filled in the designed coaxial low pass filter. Finally,
we obtain a significant improvement in the multipactor threshold for the filter, which increases from 125 W to
650 W, and the improvement is 7.16 dB. This work develops an effective method to reduce SEY for alumina,
which is of great scientific significance in revealing the mechanism of multipactor for the dielectric-filled
microwave components and also is of engineering application significance in improving the reliability of HPM
components.
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