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Report:
The production of ultra clean silicon wafers is asfethe most important issues for Si-based
microelectronic technology. Presently, the levelntdtallic impurities on silicon wafers can be dihgc
controlled down to 18 atoms/cri by using the x-ray tube based total reflectionax-fluorescence
(TXRF) technique [1-3]. Lower detection limits cha provided by conjunction of the TXRF method with
the vapor phase decomposition (VPD) technique tlodiects the impurities from the whole Si-wafer
surface [4]. The TXRF-VPD method gives a sensitivit oo
gain of two to three orders of magnitude. Accordimghe Oiefafo::lgf; e Jpod” 52050
International Technology Roadmap for Semiconductors, ,q 310 atomscr 1 ood 210" atomsic
[5] a sensitivity below the level of i0atoms/crh for od aka )
transition metals on Si surface is needed. Theicgin
of the TXRF method combined with intense synchrotro
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atoms/cm for direct detection of Cu was achieved [6].
However, the synchrotron radiation based TXRF
technigue, which employs the grazing incident getoyne
cannot benefit from the available micro-focuseday-r
beams in order to perform high-spatial resolutidd 2
surfaces mapping. Also in standard TXRF arrangespent ' S| VD | S Y S50 (NS | FONI
low-resolution semiconductor detectors are usuadlgd, Energy (ev Energy (ev

which limits in some cases the elemental analysis ¢

impurities. Therefore, further development of neineat ~ £19¢ Exzm'ﬁirﬁé‘%gﬂfgﬂﬁﬁﬁima
technigues to measure metallic impurities on Siengafs GEXRF method.

still a challenging problem. In this context, thaphcation

of the synchrotron based grazing-emission x-ray
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fluorescence (GEXRF) technique for measuring x-
LT ray emission lines of Si-wafer impurities is an
E I high-resolution GEXRF ‘ alternative.
1E14F I high-resolution VPD-GEXRF E . . . .
: K lines L lines Mines § In the GEXRF tech_nlque, which is a kind of
inverse of TXRF, the excited x-ray fluorescence is
observed at a small grazing emission angkepf)
being close to the critical angle [7-9]. Such getyne
results in a relative enhancement of the charatieri
fluorescence emission from the surface with respect
to the substantially suppressed fluorescence sajnal
_ bulk substrate. In order to maintain a good enough
Al K Ca CrMnFe Y Ag Cd Ba T Pb BI  gngylar resolution for fluorescence x-ray detegtan
Element .
double slit system between the target and detector
Fig.2 Determined detection limits for high-resolution GEXRF was qua”y_ (_amployed [10_12]' Due to that the
method (black bars). Estimated lowest detection limits for high- detection efficiency of the GEXRF method was
resolution VPD-GEXRF technique are shown by red bars. strongly diminished in comparison to the TXRF
technique. In consequence, the GEXRF method was

not commonly used for low-level elemental
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e Bor o PN e ka guantification.
oL _Cr 1L _C ) o-Sika " |n experiment, we have combined the grazing
" 1D scan_ emission geometry with the wavelength-dispersive
' " _sike] spectrometer for detection of low-level impurities
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—e-crka ]l on Si surface. By exploiting the fact that the grgz
emission angle..: is determined by the direction
of observation of x-rays defined by the Bragg angle
Bgragg the spectrometer can be operated in a slit-less
mode. In such setup, the angular resolution ofys-ra
observed at a given exit angle is defined onlyhay t
: T S Vo crystal rocking curve of the crystal and is in the
-300 200 100 0 100 200 300 order of micro radians. Thanks to the slit-less
Position (i) operation the detection efficiency could be strgng|
_ improved. In fact for small exit angles, the crysta
E'rglf’a'q(ﬁ)t;:jgfﬂ;gfﬂ?fg&gﬂ%ﬁﬂfg sees the entire irradiated target surface as a very
at grazing-exit conditions. narrow line. Moreover, for grazing emission angles
tuned below critical angle of Si (i.e 0.906 degg t
x-ray radiation, which is due to the evanescentesgwopagating along the Si/vacuum interface, from
depths of few nanometers can be only observed.

As an example, the high-resolution GEXRF x-ray spetor M, L and K series are shown in Fig.1,
whereas the results obtained for the detectiontdirare shown in Fig.2. As it can be seen, the direc
detection limits of the high-resolution GEXRF medhare in the order of #batoms/cri. We would like
to emphasize that assuming the wafer to be 300muiameter, a lowest detection limit in the ordet@
atoms/cr for the high-resolution VPD-GEXRF method couldgHe achieved (red bars in Fig.2).

The GEXRF method combined with micro-sized beamsvige an unique possibility for
performing surface sensitive 2D mapping x-ray mearsents. In order to probe the mapping capabifity o
the novel technique a 1D scan across a layeredi Gai®ple was performed. The variation of the
fluorescence intensity as a function of the scasitjpm is shown in Fig.3 for both the Cnkand Si K x-
ray lines. For this measurement, the beam size 2Bagm, and the layered structure was scanned by
moving the sample step by step along the beamtirewith a step length of 20 um. The fluorescence
signal was recorded at exit angles of 0.7 degre€foand 1.2 degree for Si. As it can be seen fiioen
graph, the evolution of the fluorescence intenagyees rather well with the 80 um width of the &ef.
For the intensity of the Sidx-ray line, the result is similar but the integs#ivolution is reversed. The
effect of the absorption of the Siukk-rays in the 10 nm thick Cr layer is strong doelte small angle of
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observation. At 1.2 degree, the path length of the
Si Ka x-rays through a 10 nm thick Cr layer is

1.2 . : . : . : . :

1o AMKa total i 1 indeed about 0.5 pm.
oal PN somtotmme ] The GEXRF method gives also a unique
CoN, TTTTAfimessamtidg 1 nossibility to study the thickness and composition

of thin layered samples. The latter can be
performed by the acquisition of the x-ray
fluorescence signal for different exit angles being
close to the critical angle. In order to demonstrat
L the capabilities of this technique the angular scan
00 05 L0 L5 20 25 for ~10"° atoms/cri of Al evaporated on Si
Exit angley (deg) substrate was performed. The result of measured
Fig.4 The measured intensity evolution around critical angle m,tenSIty evolution of Al Ka line is shown in
for thin Al layer is shown by black dots. The results of Fig.4 by black dots.
theoretical calculations assuming a uniform layer-like and In order to determine the exact thickness
gi;”g;gffglgﬁrgﬁgmg rs(;:;ﬁ;aremown byred of Al layer from measured intensities a separate
GEXRF measurement close to the critical angle
were performed employing the thick Al target. Theasured intensities for both, thin and thick Al
samples, were compared with the theoretical caiomis described by Urbach and Bokx [8]. From this
analysis, we have determined the Al layer thickniedse 3.45 nm. However, assuming a uniform filkeli
layer of Al on Si substrate, the theoretical cufred dashed line in Fig.4) could not reproduce et
experimental data for exit angles below the critemagle. In fact, during the thin-film growth press
known as a Volmer-Weber process, the Al atoms faather island-like structures instead of film-like
layers [16, 17]. Indeed, assuming the island-likerphology the calculated theoretical curve (shown b
black solid line in Fig.4) can reproduce satisfagthie experimental angular dependence. From thesdi
have found that the Al atoms forms the islands & m height. Moreover, in order to reproduce
satisfactory the data an Al oxide layer was addetié computation. The latter, which is due torthtural
oxidation process, has been found to be 1.7 nri.thic
To summarize, we have shown that by applying tlgl-hésolution GEXRF technique very low
levels of trace element concentrations on the sarf# silicon wafers can be measured. We have also
demonstrated that the GEXRF method is well suited dlemental 2D mapping, where the spatial
resolution is given by the size of the x-ray be&imally, we have shown that the profile of the dept
distribution of thin layer samples can be extrackenn the measured intensity evolution around the
grazing emission angle.
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