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Fig. 1. Structure of the Kaufmann discharge chamber and

the scheme of measurement.
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Fig. 2. Diagram of optical emission spectroscopy based on least square method.
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Table 1.  Xenon spectral lines used in this work.
75 K /nm i 5 A /nm TREk
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Fig. 3. Diagram of optical emission spectroscopy based on feedforward neural network.
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Fig. 4. Definition of error radius and eccentricity.

095211-5


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

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 9 (2021)

095211

5 #R53tb

AAIGr A 3 AT E AR SO R
LW 2 M2 BUIZREAESS R, Z 5 7 HrFiie
/N IR AN M SRS W T IR R ZE R, OF
il F 4.3 719 v SRR R 22 A4 A i L BE XS WA 5
TEREAT YOS B, W HE PRSI 5 12 i B S 6 K
PR EL.

5.1 EMKIZRKEIGIE

AR SCYINZp 28 I 265 Jr (i FH %) 55080 Pl A e 6 55
BRI A . A BN R R Y Tom, 16 HR 51 4
T, A7 A n (EF P ALA AL, L3t 2397 F. fr
WBENSHEEN T, =510 eV, n, = 5 x 1010—
6 x 10" cm®. RZEGIATTE RIS FTEER 16 i
LRV T 15 MR FREL, 1 FH-30%—30% Sl
P 60 A~ BEMLECVE ARSI 22, 5T AR gL
o IO )4 T AR . DA ik 2397 B T-n, HLA1EN
lf 42 4 S A5 AU A A S8, TBE & 900 FhiR 2251 A7
= A 2397 x 900 LHEE DG AR A, H
TNz M.

% BRG] i ) A R RS e T T
] (R E, AS SCfft 34 iR 254 i Ok i . 51 5
JIT 7% B4 S (P 9 e 580 L AL 2 R T e o 22
LREER T, R 2% PN RIS O T A AR s
IR iR 22, m Rk b i M s il 5
Yk HAREES T 22458, & 5 il 0L, EAR SCRF
TE 25 LA FLE AL T, USRI 245 25 A i
FCAIERA 7 i Foe DR S 8 N e/ N B 22

] 6 JIT 7 1Y 2 F IR RS A 25 2 I 2 B
BRAIR 28 X 2% P 25 S B 6 R e 2. W] LR ), TG
RN ZRAER MR, (1 XURZ M 8 5 T L
FIE B A T3 I 545 2] 110 D) 45 #60 TT L el 3 0
P, 905 28 I 4 N 2% SR A IR
5—7 eV, HTHE 1 x 101—3 x 101 ecm 2 1S
BUE B N RZEBR, Ak - T, i zs R S
HFRMEMERZENT 1%, n, BIRZETINES 55 H s
HIRZEY/INT 3%. 18 5.3 X # 4 R 4512 W7 )5 ik
Flipe /N W 7 2 R LA v 8 DBLSE 2 )
LR R FETC LU AN IE AR T RN 2R I 45 1B A T

5.2 m/NZRIZETHFIEMBENKISEH A
EIRESFERXTEE

T Rt I A B O 22 X e /N 3R T A R T
EATERIST. 3 Lol FH A Ot 25 P il s SR ABE 78 A= ol
FEIEE, i FHA A D22 AR A 7 i/ —3fe
A, BHLSL BR 12 W v 3 il B0 A7 7 22 1B
A3 7RSSR BTl FH S A R A A 1) i 25 % B/ s
TR R IR BT RN SR A B, LT
TR AL 25 BEAE S 28, HAW S 3 A2
BEE N5 A R G s AR R (.

Bl 7 7 B R TR 1) il 5 B O i2 Wb 2
FAU A 881.941 nm FELRXT I Y I BESL A #R IR
P s A 5%, 15% F1 30% A 22 1, R
T S0 N T ik AR B RIS X B AR
P A 0 S 1 ) S 80 (o F IR T =
7.5 eV, HFHEEn? =2 x 10" cm 3.

Bl 7(a) & LA AR S | 5% 19
ZEIF, FRIETE S AT B L. R a2k

100 I I = - I ! = - I I -

101 WRIESMLE  — b p EMLIE - WRIEBML T

[ [RVAEES o0 RIS ] BV ]
1072 g T F T F

i [ ] \

ﬁ 1073 :_ 5 - ] = -
= 10—4 a3 a \.\ =
105 — — = F
10-6 | - - = -

[ 1 1 | [ 1 1 a N 1 1

10 100 1000 10 100 1000 10 100 1000
BRI R BRI

Pl 5 A ] 000 2% 95 VB LE AL T 16 AR A5 1 4% 7 % 22 Bl AR B A8 1

Fig. 5. Variation of mean square error with the number of iterations using different network structures and data normalization

methods.
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Fig. 6. Corresponding relationship between the network prediction result and the training target: (a) Corresponding relationship of
the electron temperature; (b) corresponding relationship of the electron density; (c¢) prediction error of the electron temperature;

(d) prediction error of the electron density.
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Fig. 7. Fitting results obtained by the least square method (in order to improve the readability of the image, the intensity of the ion

spectral line is amplified, and a bias is introduced into the wavelength of the fitting spectrum).
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Fig. 8. (a) Average error radius of the diagnosis result of the least square method; (b) average error radius of the diagnosis result

of the neural network method.
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gnosis result of the neural network method.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

Plasma optical emission spectroscopy based on
feedforward neural network”
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Abstract

Optical emission spectroscopy (OES) has been widely applied to plasma etching, material processing,
development of plasma equipment and technology, as well as plasma propulsion. The collisional-radiative model
used in OES is affected by the deviation of fundamental data such as collision cross sections, thus leading to the
error in diagnostic results. In this work, a novel method is developed based on feedforward neural network for
OES. By comparing the error characteristics of the new method with those of the traditional least-square
diagnostic method, it is found that the neural network diagnosis method can reduce the transmission of basic
data deviation to the diagnosis results by identifying the characteristics of the spectral vector. This is confirmed
by the experimental results. Finally, the mechanism of the neural network algorithm against fundamental data
deviation is analyzed. This method also has a good application prospect in plasma parameter online monitoring,

imaging monitoring and mass data processing.

Keywords: optical emission spectroscopy, feedforward neural network, collisional-radiative model
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