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Abstract: In this study, a method to measure the thickness of thin film by EDS (energy dispersive

spectroscopy) is suggested. We have developed a model which calculates the thickness of thin film from

the characteristic x-ray intensity ratio of the elements in thin film and substrate by considering incident

electron beam energy, x-ray generation curve, backscattering and absorption of x-ray, take-off angle of
x-ray and tilt angle of the sample. We obtained the relation curve between the film thickness measured
experimentally and the x-ray intensitv ratio of elements. The film thicknesses calculated from the model

agrees quite well with those measured experimentally. Therefore, the thin film thickness can be measured
rapidly and accurately by using the model developed in this study and the x-ray intensity ratio obtained

in EDS analysis.
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Fig. 1. Schematic geometry for EDS analysis.
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Fig. 2. Experimental data of EDS X-ray intensity ratios
of Icue to Isike as a function of thickness of Cu film
deposited on the Si0:(500 nm)/Si substrate for various
incidence electron beam energies(Ey). The tilt angle(8) is
0°, and the take-off angle(y) is 35°
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Fig. 3. Thickness profile of Cu film sputter-deposited on
the sidewall of the trench (width:10 pm) measured by
using the EDS method. The thickness of the Cu film on
the wafer surface outside the trench is 1 pm. Circular
marks indicate the film thickness profile experimentally
measured by the EDS method and solid lines indicate the
film thickness profile simulated by the Monte Carlo
simulation [1].
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EAEA A X-4 @4 FAHL g Ad7AE
o3 Aol g, 1 F HEAY RewE 23 ¢
A3 A4 o] zgto g AW Yakowitz-Newbury
59 [2], Gaussian #+2 43§ Packwood-Brown &
d (3], F e e 23 cEte zgtoz Hud
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2 BEHY, pz>15rd M Al Zolo me}l x4
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B(p2) . < 151 =h *(pz—h)*(By—k)+k (1-1)
Q(Pz)p > 1.5h
=0.25(®, +3k) exp[ 1 5h ] [ ipzjifh (1-2)

old pz=0°ll M2l d(pz) &Y o, 4 VA9 X-H 2
Aol pz, 22 het k32 7z ofgf o} o] R
g [56).

P, =1+2.8n[1—-0.9(E./E)] -1

pz, = 0.007(E} %~ E}%°)[mg/cm] (2-2)
h=pz,(0.49—1.6n+2.47° — 1.37%) (2-3)
k= 45(,(1 +0.35c0591n%) (2-4)
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Atk n=1/1+cos®)”¥? (Z: 929 AANF). 17
u, whgte] FS dtgk B zZA9] T Qo
35 7)dol o Tk dgE FA msiof @
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= pt+1gs (0<£{R)

n="1np (t > R) (3-2)
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Fig. 4. Generated curves, ®(pz) and emitted curves, ®'(p
z) of Cu La for 6= 0°, w= 35°, and E¢= 5 and 10 keV.
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Fig. 5. Emitted curves ®'(pz) for Cu La obtained from
Cu film with a thickness of 35 nm and for Si Ka
obtained from the Si02(500 nm)/Si substrate.
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Fig. 6. Calculated ratio of the emitted X-ray intensity of
Cu La to that of Si Ka (I'cue/T'sike) as a function of the
thickness of Cu film deposited on the SiOx(500 nm)/Si
substrate for various incidence electron beam energies.
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Fig. 7. Calculated result (solid lines) of Icuo/Isike as a
function of Cu film thickness for wvarious incidence
electron beam energies(Ey). The calculated results
obtained from the model show excellent agreement with
the experimentally measured data.
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Fig. 8. Comparison of experimental data (solid mark)
with the simulation result (solid line) of Icuo/lsika as a
function of tilt angle for various Cu films deposited on
the Si02(500 nm)/Si substrate and incident electron beam
energies.
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