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Table 1 Relative energy deposition for equal incident energy per unit area
on fused silica
Radiation Relative energy deposition/veol. Relative deposition
250 keV Ar 1.6 1.6
1MeV & ~107% 1.5
®Cor-ray ~ 108 28
Table 2 Conditions for lon implantion
Substrate Type T Si0: glass

Acceleration voltage
Dose

Rate

Temperarture

fon distribution

160 keV

6.3 x 10"~6X 10" ions/em?
2.5xA/cm?

room temperature

RBS (*He" 2 MeV)
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Fig. 1 EPR spectra of Cr-implanted substrates. Changes with dose {left). a, 6.5% 10" iong/om?®; b, 3%
0% em®; ¢, 53 10% jons/om®. These spectra were obtained at 110K and 200 mW with the same
spectrometer sensitivity. Small arrows indicate the magnetic fields used for determination of g-vahues
of POR. The component due to X signal is indicated by big arrow, Changes with microwave power
{right}. Sample ; Cr 610" fons/em”® implanted subsirate. The spectrometer sensitivity for measuring
the top signal is 30 times greater than that for the bottom signal.
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Fig. 2 (Top) Changes in depth profiles of Cr ions implanted into silica glass with etching. This distribution
was determined by RBS. Arrows indicate the surface positions after etching scaled from that befo_z'e
etching, {(Bottom) Depth concentrations of E'-type center (7=5]-8i=) and peroxyradical (=5i-0-0 ).
IN. number of centers removed ; Dd; thickness removed by etching. Changes in EPR lneshape with
etching were alse drawn, a, belore; b, after-1 min etching,
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Fig. 3 Vacuum uv and uv absorptions induced by ion implantation. {3) Cr 06.5x10%ions/em?, (B) 3
10%/em® The absorption coefficients were calculated by assuming the thickness of implanted layers
te the 0.14 pm. The dashed trace is the absorption spectrum of unimplanted substrate.
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Fig. B Doze dependence of 5i-5i homo-hond con-
centrations estimated from the absorptivity
{right ordinate) at the apparent peak of the
7.6 eV band. The broken line denotes im-
planted 1on concentrations evaluated from
the RBS specira.
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Fig. & Correlation hetween increment of re-
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Fig. 7 EPR changes of samples implanted to a dose of § < 10% ionsfem®. (A)  Spectra measured at 0 dB and
110 K. Broad components are due to paramagnetic states of implanted ions. (B)  Changes in line
shape with microwave power. Sample: 6% 10" Crions/cm® implanted 5i0k glass. The dotted trace is
an B center in gamma-irradiated Si0; glass (unimplanted).
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Abstract

We summarized structural defects produced
during implantation of first series transition
metal jons into 5i0: glass and information
ohained the elucidation, The predominant point
defect ig silicon-gilicon homobonds. Their con-
centration increases with increasing dose and is
of the same order of magnitude as that of im-
planted ions except for copper. This result indi-
cates that implanted transition metal ions
except for copper react chemically with oxy-
gens in the substrate structure to form metal-
oxygen bonds, leaving the 5i-5i bonds in the
implanted lavers at the concentrations compa-
rable to those of implanted ions. We propose
that the concentration ratio of the homobonds
to implanted fons is a good measure for express-
ing the strength of chemical interaction
between implanted ions and substrate struc-
tures. It was found through an analysis of the
equilibrium between the two types of oxygen-
deficient defects that implanted Si0: layers
have a high fictive temperaure which cannot be

achieved by a conventional technique.
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