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Fig. 1. Schematic diagram of chemiluminescence reaction level transition of NO and Os.
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Fig. 2. Schematic diagram of chemiluminescence measurement system. V is adjustable pulse high voltage power supply; MFC is flow

control meter; CL is chemiluminescence; PMT is photomultiplier tube, T}, is NO measurement mode channel; 7T} is NO, measure-

ment mode channel.
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Fig. 3. Dynamic measurement results of 63.3 ppb NO, and

39 ppb NO mixed standard gas by chemiluminescence de-

tection system.
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Fig. 4. Different NO, standard gas concentration measure-
ment: (a) Original measurement signals corresponding to
5 cycles at different NO, concentrations; (b) voltage signals
of different NO, gas concentrations and their linear fitting

curves.
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Fig. 5. Allan standard deviation of the voltage signal of zero

gas and air for the measurement system.
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55 AR AR A EE IR PR AR L AR FEAS [R) 2 = (R4
AHXT Ny, PR R AL, S5 5RE 6 s, AT A
R, AT RK G, W RARFL L N
100% B, S 55 0 45 B AH X 3R K R 52 R 0.73, B
25 KR T AR K2 27%. LT, CO, 1Y
VRO T, P SR SE e i i CO, B, AH
X YRR R BRI & 2, A O E 55 E R R B
50%. LAk, A B AHXTRERE R AU 2 1.115, 5
AR, MOYT SRR R AR AR, TR
JEAN SR R S KB [ 25 57, XN i 45
JnPMEIE.

2.0
= Ar Ar: y=1-0.48z
1.8F o O, Oy y=1+40.115z
a CO, COg: y=1+1.0472
1.6F — &G O,
— g co, - Seed

FXHAERREL In,/ I

14 — SRS A AT
A
1.2}
1.0 @
\s_l‘
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Fig. 6. Relative quenching coefficient of the third gasP! .
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2 ROCHRIN RGeS B i, (H 25 RS A A
T N G124 R, AT F R R 48 M
T Y R A AR S B AT S, W R R AR
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K (Ny: 99.999%: Ar: 99.999%: O,: 99.5%; COy:
99%) o NO,, ¥R BE7E1 7 s

ST, A Bl R ORIE S Al AR
SR, BB, fh2E ke i s gl <tk NO,
FR I B TR IO N e . e SR R AN & 7
TN, SRR Z S5 22 E IR TAEAT NOy A
o7 (L1agi3k) 3 NO sy (#Etaisk), an, 4 O,
NO, HJE(F5 4 0.3 mV, NO H/EfF54 0.11 mV,
ML A5 3 F1 1. Horpas S NO, 7 i ey
FHEEHTEMES . TAHR s Y, «B50 2
W 23 AR LAt T e A R R R R A T Ao U A S 1Y
S, Hod i R E AL AL o S0 SO, PR AR
e Fas g5 R, H NO, &#1R{K, NO & NO,
WA 2 ppb 44, W05 1 FR.

3.0

25T AVno: ~0.08mV ~0.62mV ~036mV ~0.06mV ~0.7mV ~0.11 mV

20t Aoy ~0.12mV ~1.02mV ~0.4lmV ~0.67mV ~0.16mV ~0.30 mV

L5F it

1.0} 1wy

HHE/mV

0.5F Ll el
of w7 e[ | et

—0.5F R wmpen

—1.0

7 A B RS NOo VW i
Fig. 7. Measurement of NO, concentration in air, zero gas
and high purity gas.

F 1 ARG E SRR NO, 54 7 B LI 45
FUEIEMH
Table 1. NO, conversion coefficient of different high-purity

gas components and modification of measurement results.

WA ( ‘*"E%%%%)
G FM(m)  De/w PR

NO NO,

0, 0.115 1.115 ~1.4 ~2.9

CO, 1.047 2.047 ~ 89 ~2.3

Ar -0.48 0.73 ~0.5 ~5.2

N, 0 1 ~3.9 ~4.4

TR AHRARR REUR,, TLHARR,, = 1+ m*d{ MR,
K m R EHAA BB { M) MR . BLAALS
ST LSRR [31).

I F AR -y SRy i e SRR
NO, P45 B 403 1 i, COy H NO & 14
X, 290 9 ppb, LT Ar, Oy, Ny 25K
o7, ARG A R AR 1L

TRAEEES B TR IR A TR AL, %A
SMRIE 2 NO, 22 U, Bl 7 8 IR P45
H (7—8 MPa, —20 C A7) #EATRALAE R, NO,
AN R AE AR, TR — 2L 75 B AR AT
R (R, EIRR), CO, Ak S5 R
BRI NO, <K, i1 T NO, By s F1 CO,
W SR, CO, R el AR I NO, 4o Xt & S AR
( ppb B, HFE 4L CO, SAMRHH) NO, &=
A i . HAh 3 v 4l AR Sl i s AR
PR3, oy S0P i NO, R B2 5 AR,
TR 215 19 NO, 2% BT B2 IR, 7 2 A 5
o i THAER, 2495 NO 5883500, (k1.4 ppb
Lo di, AR NO, W BE A T K, 29°4 2.9 ppb.
Ll Ar SR, NO & HARMK, 2975 0.5 ppb, {H
H NO, e S A, 297 5.2 ppb, X A[RES R
AR 18 B %) YL AN 5 A 6. FE4l AR &R, NO
TEZN 3.9 ppb, NO, 210 4.4 ppb, HUHZE
RAKT NO SRS T e AR R, 5 275 TP A <
ARG BY e BE R B 22 . e W% S 10 ppm
NO FJH & 4l Z S FE 2 20 ppb B, w2l &<
1 2 ppb NO 22251 A2y 10% IR B iR 22, A
SCHE R R BEIE X AR AT BB, B T Rl
N, 245 ppb Y NO 2 iSRG | A R B
ZEIEIMPMELE, SEHE = 2R G000 62 ) R 1.

5 % @

ASCEF b2 RIS P A AL L AL B
W T —ER AP & R, < A shY)
#7752 ppb B 4% NO, Y B 1 Seif il & . bR
FILER R, RGN AT E NO F7
LM N, HAUGFHICREL R? 4970 0.99967,
) 2R Ge kA5 23 SR 37 IR AY Allan 7 2253
I, MBraF R 2 285 s B, RGEHG 12 AR Al
PRASIE TS 25 A i e/, A T BRZS R 25 ppt,
g5 UL b4 RO AR T HAL R Ak (FRifk
W) 5, EA R T AR T B A I
Wi J 23575 TN R S SR AR KBRS AN [
TSR =S AT, B EIR R G L
1 4 FE A AR ) ppb RN A ALY T
H, Hirp CO, I NO & 8, 298 9 ppb /&£
11, HAth s a5k sp i) NO S RAK (< 4 ppb),
FEH T CO, $ELlAR AT HoAth 3 Fhimg 2 SR 25
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Abstract

High-purity gases are widely used in semiconductor device manufacturing and fuel cell industries. However,
the impurities have a significant influence on the processing accuracy directly. Thus, it is particularly necessary
to carry out the concentration diagnosis of key trace impurity gases. In this work, an integrated system for the
simultaneous detection of trace NO/NO, is designed based on the chemiluminescence spectrum theory and the
catalytic conversion mechanism of nitrogen oxides. The test experiments reveal that the measurement system
has the advantages of high linearity (R? = 0.99967), high sensitivity, low detection limit (~25 ppt), and easy
operation. Subsequently, the measurement method for NO, with different high-purity gases are established
considering the quenching effects of different background gases on fluorescence and phosphorescent. The
detection system is then used to measure the ppb-level NO, impurities in four commonly used high-purity gases
(Ar, Oy, CO,, N,) in the laboratory. The results show that the NO impurity in CO, gas is the highest,
approximately 9 ppb,but relatively low, 0—4 ppb, in the other high-purity gases. The NO, impurities in all four
high-purity gases are very low (< 6 ppb). Finally, the NO, impurity content values in high-purity gases are
evaluated and analyzed based on the gas preparation and purification approach. The aim of the work is to
provide a reliable diagnostic approach and data basis of the impurity composition for the fuel cell,

semiconductor and other cutting-edge technological fields.
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