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Fig. 1. Etching patterns: (a) Micro hole array; (b) etching unit of the micro hole array; (c) orthogonal groove array; (d) etching unit

of the orthogonal groove array.
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Table 1.  Sizes of the etching patterns and the detailed etching parameters.
R e
#1 #2 #3 #4 #5 #6 #7
ot /W 16 12 10 6 12 12 12
d/um 150 150 150 150 150 100 50
b/um 50 50 50 50 50 100 150
{/pm 200 200 200 200 200 200 200
AL 400 100 25 5 250 250 250
BISFLER A/ % 44.18 44.18 44.18 44.18 43.75 75.00 93.75
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XTFIEACIFERES), HGe LB i (2) 25 @ff?ﬂ@%%éﬁwgl Eﬁﬁ% i EEH?L‘UW%E{@
, LU R Z e R b A L T RO A [y SRR TERE
A-1-L () EEREN-20 V RGREE, BLRAS R LET, B ik

2

R T IRFNSE 4 Z 3R T SEY 1Y B Y IRk
N J5 7 A AR R THT O (A3 75 M el A Ak 5s), %
Tl e R 0 0 4 e S B R AE A FE S R T Y
250 nm JEE 1Y) 445 )2 DU i 55 10 2R T M0 Ok 19 5
m. A, AR RE: AT EAME
PR TR B 5 H - 1 25 b R o LA SR R ARAIE 4 B
FEMEARDC O] JLT IR BRI A A ST HL i AR R
T AR E 2 T ILg K 67 R AR S 56 v 5
&8 250 nm (A4 88 )28 KT HFRRARE. It
Ab, BT T 20 R B R RS A TOK T 2,
TERGTE R T 49828, Kt 250 nm B4 5%
JEX TR ITES LA A5 0.

2.2 REFIMK SEE FFERE

RAESH b, A BOGHE B M (laser
scanning microscopy, LSM, Keyence-VK9700) %
WOCZIV AT S AE i 1) 4B A HEA T 1 RAE;
i F2ER (scanning electron microscope, SEM,
Hitachi S-4800) X 2| ft fij 5 4 it 1) — 205 40 18 35
PEAT T SRAL. AL, SeI bl A BE R (R X G2k
7% (energy dispersive X-Ray spectroscopy, EDX,
Hitachi S-4800 FAAF) 43 5% AN [RPARAS T 4 i A 3R
TG R A3 7 T 04T, FE 5 SEE Rl H
MR E 2 2% SEE A5 P A58, KTIZRGER
BARSHOR A A A T AE SR [22] s T 1R 4
B, AR SEY MR AE S RRE R H ik, 6T
R it FEL ALV O TR A0 D B R 05 2 43 ] DL SRR (23],
AN e T BB b NP2 = i 2 il b )

MR ) R 242 A2 BB At 2 TG D T B9 HE R A T
T A i R, P A A L A A
Ig BV S L TSRO T 925 065 A9 HL SRR TR
PR Ip I BTE OL R, BE A SR RS SEY Al i
(3) AT

SEY =1- 5. (3)

3 H#ER53h
3.1 1SBES LRI B

& 2(a)—(d) Jfd FH LSM WL A5 2] 1Y i Z1
TR LRSI #1—H4 FEER I = 4EIESR, K 2(e)—(g2)
9 T 2 i T AE B R B 51 45— 4T Rt Y = 4B
l 2(h) 45 T RO EZ b Ab R 15 9% 4 R T
B = AETEAE AT RR. & 3(a)— ()4 H TR 2 H
L2100 = T 5 2T S S D O W IR 2 S i I ]
B S RAE LS SR RAFSL T, WA LSM 45
BIRESE =S5, $RIUCT 7 FhE 5 2548 B RFAE R
F (LRI IR R SE o R LA ALK, 3C55 10
R4 G AR E R A il 58 P R ). 36 2 8 i T 7 F
AR TE L (G0 H), PRARKE PR i TR 5
o g SR AL (A ) SRR S AL (8
RS ) Z . X RAEAEL IS, R SH bR
WE 1) iR, MALESE et (4) 2 HEARE]:

d

H= . (4)

XFFIESSIAERES], RS AREEANIE 1(d) B, H
Wt (5) XI5

067901-3


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 B ¥ R Acta Phys. Sin.

Vol. 68, No. 6 (2019) 067901

C
1000
pm

1000
pm

500 500

500 1000 pm

600 pm
! 400 100
200 200
0 0
1000 1000
pm pm

500 500

1000 pm 1000 pm

500

K2 ARG SRS =4EH
s (h) AR 2RO 20 b b B B4 9 9 4 2 T

1000 pm 1000 pm

1000
pm

1000

pm
500
500
1000 pm

1000 pm
500

(a) #LFEA; (D) #2 s (o) #3 FEah; (d) #4 B (o) #5 Rl (F) 46 FEah; (g) #7 FF

Fig. 2. Three-dimensional morphologies of various gold coated samples: (a) Sample #1; (b) sample #2; (c) sample #3; (d) sample #4;
(e) sample #5; (f) sample #6; (g) sample #7; (h) untreated flat gold coated surface.
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Table 2. Characteristic sizes, aspect ratio and porosity of the laser etched samples.
i G
#1 #2 #3 #4 #5 #0 #7
d/um 165 164 158 155 121 83 34
h/pm 437 324 253 181 306 373 416
Wil H 2.65 1.98 1.60 1.17 3.87 3.19 2.51
FLBRRA/ % 53.46 52.81 49.01 47.17 63.40 82.78 97.11

et
Rt "R

e
S-4800 5.0 KV 8.0 mm x 300 SE(M) === 50 ym

(a) (®)
3 SEM T #-#0 20 ke i i1 — 2RS40 T8 4

$-4800 5.0 KV 8.0 mm x 300 SE(M) === 50 ym | S-4800 5.0 kV 8.0 mm x 300 SE(M) === 50 ym

(c) (d)

(a) #1HEA; (b) 4 #E i (c) #5 FEfl; (d) #T Fe i

Fig. 3. Accurate two-dimensional morphologies of various samples characterized by SEM: (a) Sample #1; (b) sample #4; (c) sample #5;

(d) sample #7.
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Table 3. Quantitative analysis of atomic propor-

tion under three surface states for sample #4.
JLE
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Fig. 4. Measured SEE characteristics of laser etched samples:

(a) Micro hole array; (b) orthogonal groove array.
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Fig. 5. SEY comparison among some surfaces acquired by

various surface treatment technics.
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Fig. 6. Simulated SEE characteristics of laser etched samples:
(a) Micro hole array; (b) orthogonal groove array.
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Abstract

Multipactor is a frequent discharging phenomenon for space high-power microwave components, and this
detrimental effect is mainly induced by secondary electron emission (SEE) and electron resonance in vacuum.
Plenty of researches have verified that suppressing SEE is an efficient approach to mitigate the multipactor.
Therefore, low SEE yield surfaces are urgently needed for mitigating the multipactor in the field of space
science. In the past few decades, a number of technics have been developed to acquire low SEE yield surfaces,
including surface coating, surfaces roughening, depositing coessential nanostructure, etc. Laser etching has been
partly reported to be an advisable way to construct micro- or nano-structure on some materials’ surfaces, and
able to further suppress the SEE yield. Whereas, employing laser etching to obtain the SEE yield reduction on
gold coated surfaces is rarely investigated. In this work, by using the laser etching technic, we fabricate four
micro hole arrays and three orthogonal groove arrays with various porosities and aspect ratios, and we also
characterize their three-dimensional and accurate two-dimensional morphologies. In addition, we investigate the
dependence of SEE yield on surface morphology. Experimental results indicate that the laser etched
microstructures can effectively suppress the SEE yield from gold coated surfaces, and the suppression levels on
SEE yield of these samples are superior to those of many other low SEE yield technics. Furthermore,
experiments reveal that the ability to suppress the SEE yield is positively related to the porosity and aspect
ratio, as well as that the porosity influences SEE yield more strongly than the aspect ratio does. To
theoretically verify the experimental phenomena, we utilize the Monte Carlo method combining with the SEE
phenomenological model and the electron trajectory tracking algorithm, to simulate the SEE characteristics of
the fabricated microstructures. And the simulation results can qualitatively explain the experimental
phenomena. This work digs out an advisable method to sharply reduce the SEE yield from gold coated surfaces
by laser etching, which is of considerable importance for exploiting the low SEE yield surface engineering in
space microwave systems, and for improving the performance of the space microwave components with gold

coated surface.
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