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BA, KA PR IC o0 B 5 155 VTIS 4o iR 1 3
TR JE S0 A, X VTIS #HE I NS # & 1
£ A BHF R B AT IR Th 2 8 2% . e B MIIT /)N 2H 4
IR — 3K TR 3RS T Bk 45 M A et bl s 56 it
()2 TH &5 7 BF ) r A 2 4, LRSS 30 i 7 (b)
Fi7R.

S v, RE HLAR b BT 0 i) A2 AR H 1R
Uy = 600 V, JiZH f = 10.2 MHz, #HEMEHER Si-
SiOg, PS-PSO LA K 3 5§ = Ft REFhoAA AL 1 4 i S
43 NS HIVTIS BiFh£Eite). K2R Si-SiOq 4 IKEA
S5 T2 & KB A = pg i &, 23R
BTSSR R, B AR A )
B VTIS &5 #4 %F Si-SiO9 #F A4k, B 972 VTIS
HINS 4544 Si-SiO4, PS-PSO 3 38 4o & 1) 2 T 25
TR O Y B R A, RSB RS AR
LAl RS 5 71 B BA VTS AT NS A i 26 T
THH B AR, H S, VIS Jof Jee i 25 250 A e
%, BRIk, AT BAR/IMef IR F 3R 45 R (D (4b) 5X0), M
TR Nt SRS B8 7 BB R B s . W, VTIS
S5 K6 1) Si-SiOq 4] JiE 1 B T B BH IR 9 0.127 eV, #H
X NS 2514117 0.106 eV, INER T 20.22%, F+ HA4- 74
T AR A 24 SR 11 0.128 V. K PS-PSO A3 7%
Hob IR R AR K A LR BB, BT A BRI,
PR 02 8ol AR 48 25 44 K, B LA VTIS &5 44 %
AT BRI A K, FHEET NS g0, R T
0.07% #110.04%.

FRAE (4a) 2, AR h 2451 2K (1) K /N5 4 IR 1)
SR S IEM L. VTIS 4 ml LI /N IR & 4
I HLIL, FEARAT R S 80R T, BRI & 4 IR D) %
BRI NS H R /NMEZ. B 10 /2 NS fIVTIS 45
4 Si-SiOq, PS-PSO Fl 3% 35 47 Je< 2 TH1 25 1~ B 1 4
I Bk I ) 2R 450 2R, B o A2 AR FEL T ) AR A T ) A A
A, BT RIS R R, B Si-Si0s 4 K
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HIRECR, P AW DR RIR K, NS 4544 Si-Si0,
R IR 5L F) 1.94 W, VTIS [ Si-SiO,
o JE B S 35 Th 2R 5 S AR T NS BRI T 54.55%,

50.88 W. VTIS 451 PS-PSO Aot Ji& Al B 785 4 Ji
[ Ty 235 56 43 ) b NS 45 44 1) PR A% T 62.67% Fi
62.3%.

0.18 - 0.18 - 0.18 —
—=— Si-SiO #}JiE —=—PS-PSO#}iE e PIERE
—+— VTIS-Si-SiO, i —+—VTIS-PS-PSO#}JiE —v— VTIS-BIEHE
0.12} 0.12 0.12f
d d 3
& ¥ £
0.06 & 0.06 & 0.06
or . . (=) oL . . ‘(b) 0L . 1
0.8 1.2 1.6 2.0 0.8 1.2 1.6 2.0 0.8 1.2 1.6 2.0
Y i /mm Y 4 /mm Y HhEE S/ mm
9  f#H Ansoft Maxwell B4l[f] VTIS #fJK 5 NS # K MR W & F U Y #EHA S (a) Si-SiO2 #iK;
(b) PS-PSO #E; (c) BIEHE
S50, W —=—PSPSOHK O
4 —v— VTIS-Si-SiOx#}JiE L =—v— VTIS-PS-PSO#iE
ar z
z z 2} 2 o
2T < B 2R
3 3 3 X 20
R - = — =
) =7 ST RN z
% 2 %
o 0 | o O | o
0r (a) (b) —v— VTIS-BJFEIE  (c)
0o a0 s0 0 40 80 0 40 80
i) /ns i) /ns 1) /ns
10 ffiH Ansoft Maxwell BHALFIFT R AR THEERIR () Si-SiO2 #1K; (b) PS-PSO #K; (c) BHIHIK
5 & % SE 3K
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Substrate effect on surface-electrode ion trap and hybrid
design for ion trap

Zhang Jian®  Chen Shu-MingY?"  Liu Weil)

1) (College of Computer, National University of Defense Technology, Changsha 410073, China)
2) (Science and Technology on PDL, National University of Defense Technology, Changsha 410073, China)

( Received 14 October 2013; revised manuscript received 30 October 2013 )

Abstract

To analyze the trap depth and ion heating rate of a surface ion trap under the influence of substrate power loss
and voltage loss, in this paper we proposes analytic expressions of trap depth and ion heating rate. The results show
that the voltage loss of Si substrate can reduce the trap depth by 17.19%, and the power loss would accelerate the ion
heating rate by 13.37%. In order to reduce the influence of substrate effect, a new surface ion trap with low self-heating
and voltage-loss is proposed in this paper, whose substrate is insulated by some vacuum trench to reduce the equivalent
conductivity and capacitance. The simulation results illuminate that compared with the surface ion trap with normal
Si-SiO; substrate, the one with vacuum trench insulation exhibits a 20.22% increase in trap depth and a 54.44% reduction

in power loss.

Keywords: surface ion trap, power loss, voltage loss, heating rate
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