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1 Np-Oy BB TR
Table 1.  Ny-O, plasma chemical reactions.
e s FAvE:N AL ES 27 ik

Ry e—i—NZ—>e-|—e—i-N;r f(e) (29]

R, e+02—>e+e+03' f(e) [29]

FEL R AR S R; e+0F — 202 1.4 % 10%(300/ T,,)** mol-s™! 29]
R, e+ 03’ 420 2.0 x 1013(300/T,,) mol-s! [29]

R; e+202 — 02 405 2.0 x 104(300/T,) mol's *m ¢ [29]

Rg 0F +0,+N; — O +Na 2.4 x 10* mols 'm [29]

R; N20;+02 N ()XLJFN2 1.0 x 10" mol-s*m™ [29]

Rg N20;F+N2 s 02++2N2 4.3 x 10 mol-stm™ [29]

Ry OF +2N; — N>OF +N, 9.0 x 10% mol-s t'm6 [29]

Ry 0, + Nz+ =Ny + 02+ 6.0 x 10" mol-s ''m? [29]

Ry N;+N2+02 — 0, + NZ’ 5.0 x 10 * mol-s 'm ¢ [29]

T Ry 0, + Nj‘ 5 ON, + O;’ 2.5 x 106 mol-s '-m 3 [29]
Ris 2N, + N;r — N, + NZL 5.0 x 10* mol-s '-m¢ [29]

Ry O;r +20, = ()ZLJFQZ 2.4 x 10*2 mol-s 'm ¢ [29]

Ry Ozr +0; =30, 1.0 x 10" mol-s tm™ [29]

Rys 04+ +0; +N2 — 30, + N, 2.0 x 10" mol-s '-m ¢ [29]

Rz 0F +0; +0; — 30,40, 2.0 x 1077 mol-s m™ [29]

Rig 0F 4+ 0; +0; — 20,+0,, 2.0 x 107 mol-s L-m © [29]

Ryg O;L + 07 +N; = 20,+N; 2.0 x 10" mol-s 'm ¢ [29]

b R H Ry, Ry B HL B BE Ae 43l H
15.6 eV 1 12.06 eV.

XTI 05 B BB B 2 A i v S
BRI RIR G YA BIRSEO R
THRBCEE N 1 x 108 m 3, Oy W6 B
1 x 102 m 3, Ny"WIIRECEE 6 x 102 m 3, N,/
IRBURE 1 x 102 m 3, O WIIR B BE2 < 1012
m 3, O WG EUEE 1 x 102 m 3, NyO, W] 1A %K
BRI 1 x 102 m3.
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Fig. 1. Discharge schematic diagram.
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2 KM
Table 2. Surface reactions.
\ B H AR (B M FE B (AR )
FF5 B
ot ei/eV v &/eV
Ry et NS 5N, 0.05 4 0 0
Ra e+ Nzoj — Np+0» 0.05 4 0 0
Ry e+ N}' — 2N, 0.05 4 0 0
Ry e+ ozr — 0, 0.05 4 0 0
Ry, e+ ()Zr — 20, 0.05 4 0 0
Rys e+0, -0 0 0 0 0
wm:<%ﬂ>“. a2 VREERCRIRA TR R L, FI
i T AN 22 PR B Y s TB) A I DL A TR Y
PR AE B R BRAR 1 3h S 2544 % i HL T T [ B ARG B L35 B S 0/ NN ] 2(a)
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ST\ V2 Je HA RAE AN W ) BB A BE T DR 85 E AnT&T 2(e)
o= (221 (1) I 2(0) B IR LRI b,
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PERL RSB RE L 1, AR i DB TIEREE, vy,
Vg, 1> Vi, o 3 0I0E LT B 5 PR T I PG %
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o HHBEREG ¢ W i B TR E, i = 1, 2,
3y s VAR RS REL

A 3 E X COMSOL 444+ () PDE (i
o IR ) B ST B, BT R A TR
TCIE, 7RISR AR B T 1] J5 4 1) () 20 3R 3R
25, SRAFI ) A0 EAE 38 W JE ), Home R b
KN 100 s, |/NARLKR 1018 s, Hp i FiF
% S5 R L Rl 4R 5 7 B 83 i) 3 o SR i 3 IR 2% =
Ty RERNZE v 6 R AR B AR T A ) i)
AN SO X3 F = A TE 45 EA T A Sl 43, HLAR R
PR KRBT R ) K 1.13 pm, /N EAITRSF N
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Fig. 2. Electron density maps at different times: (a) ¢, = 0.1 ns; (b) &, = 0.3 ns; (¢) t3 = 1 ns; (d) ¢, = 100 ns; (e) 5 = 150 ns; (f) {5 =

200 ns.
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Fig. 3. Curves of electric field strength with time at differ-

ent positions on the central axis.
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Fig. 4. Time-varying curve of applied voltage on the negat-
ive plate.
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Fig. 5. Axial distributions of positive and negative ion density at different times: (a) ¢; = 100 ns; (b) &, = 140 ns; (c) &3 = 150 ns;

(d) ¢, = 200 ns.
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Abstract

Based on the principle of micro-scale discharge, the micro-nano ionization gas sensor has the characteristics
of fast response, high precision and easy integration. It is expected to achieve rapid and accurate detection of
gas. At present, there is a lack of systematic analysis of the inter-polar discharge process of the new sensor. This
paper uses the fluid-chemical dynamics methodology to create a 2D space discharge model of the No-O, mixed
gas at the micron gap and the nano-tip field in ambient atmosphere at normal temperature and pressure.
Meanwhile, by analyzing the mutual coupling between the space electron transport process, the discharge
current density, and the space electric field strength, the paper clarifies the dynamics of space discharge in the
field, improves how internal discharges work in such micro-nano structured ionization gas sensors, and analyzes
the pattern of influence of different polar distances on space discharges. The results show that the electric field
in the space remains constant as the production and consumption of positive and negative ions reaches a
dynamic equilibrium in the field. It is reflected in the field strengthening effect of positive ion groups to the
cathode plate and of negative ion groups to the anode plate, as well as in the field weakening effect between
positive and negative ion groups. The resulting stable and strong electric field of the cathode makes sure that
space discharge is maintained, and the discharge current density stabilizes. Initially, as the polar distance
decreases gradually, the electric field strength between the poles and plates increases. It plays a leading role in
the accumulation of electron energy and in the increase in the number density of electrons, thus leading to the
increase of the output current density up to the peak value when the polar distance D = 50 pm. As the polar
distance decreases, the field strength between the poles and plates increases. Despite that, when electrons
accumulate energy up to such a level that gas molecules can be ionized, the necessary movement distance and
the distance required to increase the number density of electrons decreases. As a result, the degree of ionization
weakens, and the field strengthening effect of positive ions decreases. In other words, the increment of the field
strength caused by positive ions at the tip decreases, and in turn, the discharge current density decreases. This

pattern serves as a theoretical support in the optimization of the micro-nano structured ionization gas sensors.

Keywords: ionization gas sensor, discharge process, space electric field, current density
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