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Tt has been recognized that several interesting phenomena, sach as low temperature interfacial
intermixing reactions or Fermi level pinning, occur at metal-semiconductor (M-8) interfaces.
Moreover, from the practical point of view it is necessary to understand the mechanism of low
temperature interfacial intermixing reactions in the development of highly reliable very large scale
intergrated circuits (VLSI). To understand and control interfacial phenomena, the initial stage in

the formation of M-S interface has been studied with electron spectroscopy (AES, ELS and LEED

methods) and jon backscattering methods (channeling technigue).

Observations indicate that for

metal Olms to react with semiconductor substrates to induce room temperature intermixing, the film

thickness must exceed a ciritical value,

intial stage mechanisms.

In addition to the techniques mentioned above for the

a method using electron spectroscopy combined witl syncrotron orbital radiation

This fact is felt to be an important clue in understanding

interface study, a tunable ELS method, and
(SOR), have been

developed for non-destructive observation of M-3 interfaces.
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Fig, 1 Schematic diagrams of the erosion of Si
that can occur when heet treating Al films
in contact with Si.
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Fig. 2 Schematic illustration of the rcom tem-
perature accumulation of Ga and P atoms on
top of Cu film caused by the interfacial
intermixing reaction between GaP and Cu.
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Fig. 3 Depth profiles of relative peak heights
of normalized Auger signals (AN/dE) of Cu,
Ga and P from a Cu (thin flm)-GaP (sub-
strate) specimen anpealed for ~,120 min at
room temperature. Illustrations of P(LVV)
Avuger pesak signals (AN/dE) given in the
inset shows that chemica! shift takes place
at the interface region.
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Table 1 Summary of the room temperature

interfacial raction in various metal-
semiconductor couples.

Semiconductor  E,{eV) ’I[g;zggge i);zi?acxtlrtlc
Ge 0. 87 Yes 16
InSh 0.18 Yes 15,2
Si 1,11 Yes 12
GaAs 1.35 Yes 10.5
InP 1.26 Yes 8.5
GaP 2.24 Yes 8.4
SiC 2.9 No 6,4
5102 6.5 No 3.6
NaCl 77 No 2.5
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Fig. 5 ELS spectra from Au (flm)/Si (crystal
substrate} specimen at different stages of Ay
film coverage, i.e. 1, 5 and 10 monclayer{s)
of Au film on silicon ; ELS spectra from c¢lean
Si{111) and pure Au film are also shown.
Si(LVYV) Auger spectra with LEED results
are also illustrated correspondingly to the
ELS spectra. Primary electron energies were
100, 2000 and ~.B0eV for ELS, AES and
LEED measurements, respectively.
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Fig. 6 Schematic illustration of the present
controlled deposition experiments of Au film
on single crystal Si(111) subsirate: a) 1-2
monolayer(s) of Au film deposition, no reac-
tion with silicon up to ~700°C. b)) More
than 5-10 monolayvers of Au film quickly
react with silicon to convert the metastable
Au-5i alloy at room temperature,
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Fig. 10 Typical ELS spectra in the second
derivative form with various incident ene-
rgies Fp of 300-2000eV for an Si-SI0:2 (~u
34 A thick) specimen [(b)(g)], including
the loss spectra of (a } pure St and ({ ) thick
Si0z at the top and the bottom, respectively.
Broken line (h) shows the second deriva-
tive of the loss function derived from optical
data, i e. d2[Im (1/cop:)1/d E2 Note the simi-
larity between (h) and (1i).
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Fig. 11 Deflerence spectra of the derivative
ELS spectra, /%%, with various incident
energies £, from the spectrum, A%, with
Ep=200eV for the specimen shown in Fig,
10, The peak height of A%, is normalized
with the SiO: peak at 10.7 eV which is the
most characteristic in the second derivative
spectrum of Si0s.
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Fig, 12 Intensity variations of the Piar loss,
defined in the text, with the incident electron
energy Ep for specimens with various oxide
thickness [Si(i11): 13 A (W), 19A (@), 46 A

A) 59 A (@); Si(00): 18 A (), 34A(A),
57}3&(0)] The spectral height of the pealk
Pia: is compared with {a ) the most cearacte-
ristic peak of 50z at 10. 7€V, Psio,, and (b)
the main signal of the 5i substrate at ~17
eV, fiwsS. I (P, { (Psio,) and I (Eep®) are
defined in the text.
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