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51. Introduction The photoluminescence (PL) method is now prevaiiing as a powerful tool for the

quantitative impurity anaiysis of Si crystals. The basic idea of th'is method is that the pL inten-

s'ity ratio between the impurity and intrinsic components can be used as a measure of the impurity

concentration.l) The revised calibrat'ion curves for the PL method make it possible to determine

both B and P concentrations simultaneously in the range between l01l and l0l5 cm-3 within a ! 30 %

deviation.2) However, this method has hitherto been used oniy for the characterization of shallow

impurities in bulk materials.

in this paper, we report two new apolications of the PL analysis. First one is the characrer-

ization of shallow impurities in an epjtaxial layer. Although the prec'ise impurity analysis of an

epitaxial iayer is urgently required by present sil'icon industries, no techniques are available to

detect directly various'impuritjes jn an epitaxial layerin the concentration range be1ow l0l6.*-3.
We demonstrate the sensitive detection of the PL signal associated with impurities in an epjtaxial

layer and the concentration dependence of the PL signal. Second application is the characteriza-

tion of nitrogen. The properties of N have been reported to be completely different from those of

other group V impurities. Recently, Abe et al. reported that N is a quite useful impurity to

improve the mechanical properties of an FZ crysta1.3) t'le have observed the pL l'ine due to N for
the first time.4) The characterization of N by the PL method has some advantages over activatjon
analysis and infra-red spectroscopy.

52. Impurity analysis of an ep'itaxial layer As a typical example, we report here the pL analysis

of a P-doped epitaxial layer grown on a B-doped substrate. The thickness of the layer is 2.5 pm.

The PL experimental method was described previourly.l'2) Figr"" I shows the pL spectra from the

substrate and epitaxially grown layers, where the resistivity of the substrate is 30 o.cm (p-type)

and that of the ep'itaxial layers is (b) 2.7, (c) .l.0, (d) 0.3 n.cm (n-type). The spectral compo-

nents are labeled with the chemical symbol of the associated'impurit'ies, where'l' denotes the in-
trinsic luminescence. The epitaxial layeris so thin that photo-excited carriers diffuse not only

within the layer but into the substrate followed by radiative recombinatjon. Therefore, the pL in

Fig. l(b)' (c) and (d) is from both the epitaxial layer and the substrate. The spectral pattern of
the B-components in Fig. l(b), (c) and (d) is exactly the same as that for the substrate, (a). All

the spectra are normalized by the peak intensity of the al.-component. It should be noted the rela-
tive intensity of the P-component increases with decreasing the resist'ivity. In Fig. 2, the inten-

sity ratio between the e[o- ana e]O-tines is plotted against the P concentration obtained from the

resist'ivity. The relationship in Fig. 2 suggests the possibility of the quantitative.impurity anai-
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ys'is of epitaxial layers by the PL method in the same way as the case for the bulk material.l'2)

The sjmultaneous analysis of P, As, B and Al in epitaxia'l layers will be shown at the session.

53. Characterization of Nitrogen PL spectra from N and P-doped FZ crystals (n-typ€, I tu 50 a.cm)

are shown in Fig. 3 as a function of a N-doping 1eve1. The N concentrat'ion, varying from 0.8 to
'| ( _?

3.2 x l0'' cm-', was determined by activation analysis. The spectra are so normalized as to be of

equal peak magnitude. The spectral patterns for the three samples are nearly the same as those for

conventional P-doped FZ crystals except for the 1ine, labeled 'N', at 1.1223 1 0.0001 eV. The N-

line never appears unless the crystal is intentionally doped with N. It should be noted the rela-

tive intensity of the N-line increases with N concentration. The donor activity of N can be esti-

mated from a combination of the PL and resjstivity results. The fraction of the concentration of

the N-related shallow donors to the total N concentration is about I %.

54. Conclusion We have demonstrated for the first time that the PL method can be applied to the

quantitative impurity analysis of an epitaxia'l layer and also to the characterization of N in Si.
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Fig。  3.  PL spectra at 4.2 K from N and
P― doped FZ crystals  as a functlon of
N― doping level.
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