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This paper describes the backscattering correction for Auger quantitative surface analysis. The energy
and electron incident angle dependence of backscattering coefficient for 10 elemental solids (Be, B, C, Al,
Si, Cu, Zr, Ag, La, Au) were investigated using Monte Carlo (MC) simulations. In conclusions, the back-
scattering coefficient 7, at incident angle « could be described as

7, =(0.017;" +0.84)ln, /(0017 +0.84)] "

where 7, is the backscattering coefficient at incident angle 0°. The Love-Scott equation [J. Phys. D 11, 106
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(1978)] for 7, was superior to the others in wide incident energy range. Using these backscattering coeffi-
cient equations, we have proposed an improved equation for backscattering correction in Auger electron
spectroscopy, which can be used for wide incident energy range (3-30 keV) and incident angles (0-60°).
The parameters in the equation were determined from the curve fit to the backscattering factors at normal
incident angle in the 3, 5, 7.5 and 10 keV electron incident energy calculated by Ichimura-Shizimu [Surf.
Sci. 112, 386 (1981)] with MC method. The root mean square (RMS) differences for backscattering factors
for 10 elemental solids calculated by Monte Carlo method using continuous slowing down approximation
and those from proposed equation were less 3% in the 10-30 keV (over-voltage ratio U=1.5-100 and inci-
dent angle a=0-60°). In the 3-10 keV energy range, we have also compared the proposed equation to the
calculated values at incident angle 30 and 45° by Ichimura-Shimizu with MC method. We found that they
coincide well each other. Then, the proposed equation for backscattering correction could be applied to the
quantitative Auger analysis in wide analytical conditions.
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Table 1 Comparison of backscattering coefficient.

Incident energy(keV) 25.2 17.3 11
Element MC* EXP** MC* EXP** MC* EXP**
Al 0.15¢ 0.151 0.16, 0.159 0.174 0.171
Cu 0.31, 0.307 0.32¢ 0.310 0.33; 0.310

*Monte Carlo method
**Experimental value [15]

-1 -



Journal of Surface Analysis Vol.14, No. 1 (2007) pp. 9-19

EACELAFIE |. [ALS

HBEX S —CrEFHHEICHITEE
E
0.8 T T T T T T T T
v ¢ B
. 10 keV y
. v . A ] o ¢
g 06 | v Y o A . 1 A A
S v v v o R [ M
© ° o A [ ] * e Si
S 05F o ° L] ® 2 7]
3 5 A a u . A4 B Ti
o H o
o0 04 [ - ° = 2 ] . G
£ ° !
E * ¢ i = . 2 ] 2z
B 03 [ - B A o B r
= ° © ]
_(‘% [] a ] A Ag
o 02 , ° 2 4 g B
a a a o ] o La
0.1 _E g g E ° 7 v Au
0 PO RN EIN PSPPI PSR PSPPI AR S S
0 10 20 30 40 50 60 70 80

Electron incident angle (degree)

Fig. 1. Electron backscattering coefficient 7 at 10 keV elec-
trons for 10 elemental solids (B, C, Al, Si, Ti, Cu, Zr, Ag, La,
and Au) as functions of electron incident angle. The 7 values
were calculated from Monte Carlo simulation using continuous
slowing down approximation.
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Fig. 2. Electron backscattering coefficient 7 at 20 keV elec-
trons for 10 elemental solids as functions of electron incident
angle. See caption to Fig. 1.
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Fig. 3. Electron backscattering coefficient 7 at 30 keV elec-
trons for 10 elemental solids as functions of electron incident
angle. See caption to Fig. 1.
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Fig. 5. Mean and median values of backscattered electron for
10 elemental solids at 10, 20, and 30 keV incident electron
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Fig. 6. Curve fit results of equations (17), (18a), and (18b) to the backscattering factors at normal incident angle calculated from MC
method by Ichimura-Shimizu [4]. The parameter a and b are described by

a(U,)=2.727-6.028(1/U, )+ 2.606(1/U, } »
b(U,)=2.933-1.8161n(1/U, ) 2.688[In(l/U, )|} —1.007[In(l/U, )] —0.109[In(1/U, )]

where U is the over-voltage ratio. The constants in the above equations were determined from the curve fits. The solid line shows the
curve fit results. Solid marks were cited from Ichimura-Shimizu [4]; @: E,=0.1 keV, A: E;=0.5 keV, W: E,=1.0 keV, ®: E,;=2.0
keV.
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Fig. 7. Comparison of calculated backscattering factors at 30° incident angle with MC method by Ichimura-Shimizu [4] and those
from the proposed equations for R [Eqs. (20)-(20g)]. The data of @: E,=0.1 keV, A:E,=0.5 keV, B: E,=1.0 keV, and @: E,=2.0
keV are cited from Ichimura-Shimizu [4]. Solid line shows the calculated values from equations (20) and (20a-g).



Journal of Surface Analysis Vol.14, No. 1 (2007) pp. 9-19

HBEX 4 —>zEFHHEICHITEEE

E

M = (-523791415048371Z - 1.613T32° 90,
+0.007162° )x10™*

G(2)/1, =(~1112.8+30.2897 206)
~0.154987> )x10"*

Uy=— (20g)

Thd. ZTIT, EJIIRNRET D5k nl ORHTX
NFX—, EJIEFDOAF=RLVX—, Z T RF T
DFEFE S ((LAEWZ TITEYFEFES) Thod.
QROKDEHIZHT- > TIE, BFIRO NS M %
B2l ZOWEHEBELEFOEWEICE L TKEZ
BWTWDDT, AGHAEZE 2 T2 IR E & el gt
THZEBRMETHD. £ZT, ZDQRO)- (20g)to>
HWWEE MDD S 1212, 10, 20, 30 keV (28T 5
Be, B, C, Al, Si, Cu, Zr, Ag, La, Au D75 ﬁﬁ&ﬁfﬁﬂﬂé
BOHBEMEZHNT RMS f@Ea k7. A&
0-60°, over-voltage ratio U=1.5-100 O #EPHIZF VT,

2.5 LR B B B L L L B LA N LR
5
[&] n
£ 2L
m L
£
8
E= L
o 15|
2 I
(&)
S L
m L
0 10 20 30 40 50 60 70 80
Atomic number
2.5 LR B B B L L L B LA N LR
5
[&] n
£ 2L
m L
£
8
E= L
o 15|
2 I
(&)
©
m
1 Liceitoes st vl loveitreialoivslisng
0 10 20 30 40 50 60 70 80
Atomic number
Fig. 8.

BELAFIE |. [ALS

WA TR B EFDE B AHIET DG

RMS #4E1T 3% T Th o7z, L7eh- T, (20)5

1L, 0-60°DET-HRASHAE, B RN ELE 10-30
keV TIXEHMICE BERNZ E3HB LT,
SRR 3-10 keV OFIFHIZ IS 1T B ERHMEE #HEET

%7212, Ichimura & O ASHA 30°, 45°1281F % 5 1H
LR SR D MC 1R X 23 RME[4 L i L=, =D
AERA Fig. 7 (NS4 30°), Fig. 8 (AHHA 45°) (2
R KAURT XL H1Z, (20)=L Ichimura & OFHH
fEIZH K< —F,LTEY, AV over-voltage ratio T
b, 10 keV AT OEFHINEEEHEBE TS, ASAH
BEAY 30°, 45° CTHRIERSHENTE L VWA D, 5
B2 AES 73 Hr~oii FIZ & 5 o FEMZ Rk #[25]T
WET 5.

4. £

AESIZ X D REEERSIICB W THERE O
A BELIEIC DWW TRRET L7z, B O3 iELEREL
DANFHAFERIENE, BLOZ D= RLX—DFHHE
BLOFREIZHONWT, BT B aiEE VT Be,
B, C, Al Si, Cu, Zr, Ag, La, Au ® 10 fEEE Dt H 2>

15[

Backscattering factor

0O 10 20 30 40 50 60 70 80

Atomic number

15[

Backscattering factor

0O 10 20 30 40 50 60 70 80

Atomic number

Comparison of calculated backscattering factors at 45° incident angle with MC method by Ichimura-Shimizu [4] and those

from the proposed equations for R [Eqs. (20)-(20g)]. The data of @: E,=0.1 keV, A:E,=0.5 keV, B: E,=1.0 keV, and @: E=2.0
keV are cited from Ichimura-Shimizu [4]. Solid line shows the calculated values from equations (20) and (20a-g).
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