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The quality of the subsurface regionin siliconwafersis
one of the dominant fadors for succesful ULSI
fabrication. In this report, we gply a noncdestructive
short-wavelength laser scatering topogaphy (S-LST)
technique to determine the depth and dmensions of
individual micro-defeds in the subsurface region of
sili con wafers. We cdl this the two-temperature S-LST
method, to emphasise its cgpability for observing the
depth and dmensions of micro-defeds in the
subsurface region d the wafers. Measurements were
made & two dfferent temperatures, i.e., 23°C and 83C,
utili sing the temperature dependence of the asorption
coefficient of silicon at the wavelength (680nm) of the
laser. The depth beneah the wafer surface (d) and the
quantity (A) that refleds the dimensions of the micro-
defeds are derived as foll ows

d=In(123/1g3)/2[ O g3-0 23] 1)

A=123 exp[20:d] 2
where 0g; and a,3 are the absorption coefficients of
silicon at 83°C and 23°C, and g3 and |,3are the scatering
intensity of the micro-defeds a 83°C and 23C
respedively [1]. Theoreticdly, it was clea that d and A
for the micro-defects could be determined from the
scadtering intensities and absorption coefficients using the
two-temperature S-LST method. An experimental
example of the two-temperature method is shown below.
The sample we prepared was a boron-doped mirror
polished (100) CZ-S wafer, and we were @le to observe
grown-in defeds in this sample wafer. Fig.1 shows the
correlation between d and logA of the micro-defeds
deteded in the subsurfaceregion of the CZ wafer. From
Fig.1, we ca seethat the detedion region was expeded
to form a triangular shape, and the reason for this is as
follows. In CZ wafers, the size distribution and the
density of micro-defeds at ead depth should be similar
over all of the subsurface Thus, the upper limit of their
detedable size is constant at all depths. On the basis of
Fig.2, the factor A, corresponding to the minimum size
of detedable defeds at a given depth d, increases
exponentially with d, as foll ows

Avin(d)=Acexp(2055d) ©)
where Aq is the dimension factor of A, which corresponds
to the minimum size of detedable defeds. From this
equation, it is predicted that the detedable region will
take the form of a triangular shape with a flat line
denoting the maximum, as shown in Fig.2, and in Fig.1
we @an indea see atriangular region in the d-logA plot,
just like that shown in Fig.2. From this result, we wuld
conclude that the two-temperature S-LST method
displayed a high degreeof relativity for measuring micro-
defeds in the subsurface region. In summary, it was
found that by using the two-temperature method, micro

defeds in a Si wafer could be measured with resped to
their depth and size by a non-destructive technique, and
the experimental results confirmed that this was the cese.
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Fig.1. Observed depths and dimensions of the subsurface
micro-defeds deteded in a CZ sample wafer by the two-
temperature S-L ST method.
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Fig.2. Predicted correlation (d-logA plot) between the
depth d and the dimension fador A of the subsurface
micro-defeds deteded in a CZ wafer by the two-
temperature S-LST method.



