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We applied neural networks te quantitative chemical analysis. The input data corresponding to the spectra of X-ray
phetoeleciron spectroscopy (XPS) and Auger electron spectroscopy (AES) were prepared by the sum of two or three
peaks with a Gaussian distribution. The neural networks with Kohonen’s self-organized feature map and with a back
propagation algorithm were used. From the results, we found that it was possible to analyze the patterns without deter-
mining the number of peaks, the shapes and so on. Therefore, neural networks are thought to be useful in analyzing

XPS and AES data quantitatively.

1. ¢ e

X IR BFOIEE (XPS) 4 — U = B F 5 Hil (AES)
ko TRIEN ALY haid, B, <o~
BHRS>TND, THREDARAY h b b O3S
WERITOIE, Ry 77590y RREREDE S oF—
HMIMBHBE LD, e, BEBAFETII0E, A
TR EENTHNAY -7 DR AE—ME, Eae
B L E— 7 OB EERE LARTRIER b0, L
2L, %< OBF —~F i RREELPHENESENRT
BY, ERBSWIZDBERANSD, —fiz, XPS* AES
ARG MORIRERB TR, Zroh—730 02
R E O RMATRI X Y BT — X i ¥
TiZifibhT&i" 2,

—H, =a IRy hU— S OREEEEY YT
(SOM)*™ 8%/ w & /B A% — 3 3 2 (BEY™9k i
RBIR Y b T — VA RSECEASRTNS,
i, BPEEM W3 BERR oo —5 %y b7 —
ZEXPS T — X QB AT ICHERA S Tna®, L
L, Ry U7 QOEBER S5 TS, BES
W — & ORI BT E R T B It B b kT,

AR, ThoOTiREsUET L L bizmn—
AFoy BT — 7 SRR TR T X ARk
FRTLZ L EAREMICHERRER N CHL T
Do

REOLCH, CHLODHF — & BEFT A nbic=
2=IAFy N2 RERA L, FOBDEEH BT
T 5, BARMITE, XPS % ABS A b c %S5
ANF—=EEHRL, ThEEFERT A MNHOA F1
H=E LT L, AWAZ L UTHE LS
— 2, FUARHAEEDLHBNNIZI 0O~
RBERAF =2 THB. 2R G EOESENLR DT,
ERESRRBIT S =2 —F Ry 17— 7 OMRES T
THZLHNTES,

2. Za=-SNxy  NI—-2

2.1 BUHEEMbEY Yy 79

Fig. 1i3, SOMEHA W 2BHEEN =2 — S 1 3 v
ho—2 (BIF, SOM-NN &#3) B2RLTnE, 51
BRANET, BoBEREAETHD., SOM A LT
—ZIEMR B — FO2REEA LDy 72T
L, NFA-FLLTOBRSY Py m= (s fines

— 35—



HmE - R

Wl TER" T ATDH/, — Fi LER b D, &b
2B E T x={E, 2w B ERVEWEDAD
Sy BN LTTARATOZ -0 bEE LTINS,
T, iIBANED =y BT, BBy
FERLTWS, —MIZEFNLOREARBR = a—

Fig. 1 Structure of SOM (Self-Organizing feature Maps)-
NN (Neural Network). The units in 2-dimensional
map (output layer) are combined with the units in in-
put layer.
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Fig. 2 Example of neighboring region. @ represents winner
unit.
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Fig. 3 Structure of BP (Back Propagation)-NN (Neural Network). 1-layer and M-
layer represent input and output layers, respectively. The rest layers are
hidden layers, and one hidden layer was used in this work.
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Fig. 5 Patterns used in a 3-peak problem for learning and
test.
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Fig. 6 Result of SOM-NN in a 2-peak problem. The patterns of 1-11 shown in Fig. 4 are learning data,
The result was obtained by reinforcement learning.®
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Fig.7 Pattern corresponding to the dot between 5 and 6 in

Fig. 6, where the patterns of 5 and 6 are alse shown.

gs?_hi31_n.cod - Dim: 80, Size: 4121 units, bubble neighborhood

(1998)

5,

Fig. 843, 2 ¥ — & [IRRICH 92 SOM-NN O R %5
LTwsd, ZIZTid, Fig 6 DALY bEW A x -
EwS SE, 2EAX-VHIE <o Ry FAEET
Doy TRERLE. BICRENE X 5, 2%
RE—s TMic3s0 Ry b @, @, G 8
Fek iz,

Fig. 9%, #EAH—15 7L Tig 10D Ky b,
@, QMYTBIANAE—2ETLTVWS, 2E3x
— i LTOREEAE -5 TORETHBH,
Ce@idtinT a7 — i ERFER A — 5 T
Y. ZOZ L, SOMNNK X B ERE TR, 29
F—EOHEETIHEIFELCEETEA I 2R/ 1LT

Fig.8 Result of SOM-NN in a 2-peak problem. The patterns of 1, 3, 7, 9 and 11 shown in Fig. 4 are
learning data. The result was obtained by reinforcement learning,
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Patterns corresponding to the dots of 3, @ and (@) between the pas-

ferns of 5 and 6 in Fig, 8, where the pattern of 5 and 7 are also

shown.
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Fig. 10 Result of SOM-NN in a 3-peak problem. The patterns of 1-21 shown in
Fig. 5 are learning data.
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Table 1 Results of BP-NN for input patterns in a 2-peak
problem. O and @ represent learning and test pat-
terns, respectively.

Intensity of peak A Intensity of peak B g tagt pattern

theory  result  theory result O learning pattern
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090 09 010 004 ®
00 100 0 0 o
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Fig. 11  Patterns of theory and result in a 2-peak problem for
the pattern of 4 shown in Fig. 4.
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Table 2 Results of BP-NN for input patterns in a 3-peak
preblem. O and @ represent learning and test pat-
terns, respectively. Fig. 12 Intensities of peak A obtained by BP-NN for input

patterns. BP-NN of (1), (2) and (3) represent 80 (in-

put units}-2 (hidden vnits)-2 (output units), 80-4-2

and 80-6-2, respectively. The patterns of 1, 3, 5, 7,

theory result theory result theory result 9 and 11 shown in Fig. 4 are learning data.

0 001 0 0 1.00 098
0 001 020 0.01 080 094
020 020 0O 0.02 080 082
0 001 040 020 060 073
020 020 020 018 060 058
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0.60 0356 040 040 0 0.m
0
0

Intensity of  Intensity of Intensity of & test pattern
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WHLTHARRALBERTHS., BHETE -2 A
DEMEA 010 L 090 @ & &, B LEORET VTR
%u%ﬁ%otgEwaAwﬁﬁﬁﬁzmaoswﬁ%
BSHEOBZZON UTChoT e, E—FAD
Tj"lﬁ‘ﬂi»m“"ﬁﬁk%‘ﬂ’&?&)bﬁ*%’) £, HRRE L O
BMECHTEE S BORIPBNLE—F A DRSS 2
Hb’c&;otu
Fig 1143, /3% — 2 4 OHRE & 2huic 4 5Hih
HEANTHRLEERTHDS, ZheOFHEML, &
T —F OERICIEBP-NN b £ +EHTER D
b,
Table2 i, 3 ¥ — 7 BRIICH307 5 BP-NN Off# % R
LTnwd, 3—2ZMETH, BE L -t
FE-BLTWAN, FAMRF -V LT 28—
FHBOBELY DEEARZ . ¥—~F A B CO
MEEA 6, 0.2, 0.8, 0, 04, 0.6, 0.8 02, QDL &,
HRRE & OB REHT 02 <SHWTHY, FRUA TR
B & DR RBEN 0L $H W Thd, 2P — 7 [HE
0 LR L OBIENRE L DN, FEF—F O
e ksl 3R LBCED L Bbh
BHo LIEH 7T, BENNEBWTIY - 2BETHH
AIRENBERTI DO —F A, B, COMESHERE
TE, ERENTHRTHD,

0.80 092 020 0.03 0.01
1.00 100 9O 0 ¢

ClejCle |0 e C|9|0|e:C|8|0|le |0 @|Cle|C|ealO

LT3, Zhid, FigdicmrE3hi L, 3, 5 7, 9 11 Fig. 12 /%, B =y MEMREAEBS BE-NN D2 Y
%ﬁmﬂﬁ—yebfxbb FE Lo (X - w&M@kkHé?%%bew . BP-NN (1), (2)
T LTRY N7 — 7 OBEREAR D LS icas (3} DBz y M, FhEN2 4, 6TH

v i\ﬁ-ﬂ@i‘i%ﬁ?ﬁwkﬂ;éﬂfcﬁé), 1~ DAHAE— %30 WHEOA N, ¥—27 AOWAEEE, vt AT

— 4 —



o O P R ik S 1) T e e 195

06 S . U —

output

—+—theory
-=- BP-NN(1)
., —+DBP-NN{(2) .
x BP=-NN(3) [
- BP-NN() |

0 0.2 04 0.6 08 1
input

Fig. 13 Intensities of peak A obtained by BP-NN for input

patterns. BP-NN of (1), (2), (3) and (4) are 80 (input
units)-2 (hidden units)-2 (output units), but were
learned by different input patterns. The learning in-
put patteras are 1, 3, 5, 7, 9, 11 in BP-NN (1), 1, 4,
8,11 in BP-NN (2), 1, 6, 11 in BP-NN (3) and 1, 11
in BP-NN {(4).
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