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Introduction

The oxidation induced by photo-illumination of condensed oxidizers on
semiconductor surfaces at 20K had been investigated recently.(!)  Such an active
oxidation is not due to simple thermal annealing but electron attachment.  Since the
electron attachment channel required the available empty states in the condensed
molecules for the substrate clectrons to be attached, the oxidation efficiency of Oz
will be different from N20O. Recently it has been reported that the initial oxidation
rate of N20 is much lower that Oz under the same available O content.t2) In this
paper, we tested the blocking effect of N2O by alternating condsorption of Oz and
N20. For the same oxygen contents we have varied the combination of N20O and
O2 and also exposed in the reverse order in order to vary the relative position to the
substrate. It was astonishing result that the occupied dangling bonds of Si(111)-2x1
are not quenched by N20O molecules condensed on te surface. On the other hand the
additional Oz molecules instantly quenched them and the reaction was not delayed at
all.

Experimental

The photoemission experiments were conducted at the Wisconsin Synchrotron
Radiation Center. After p-type Si post was cleaved under ultrahigh vacuum (3x10-11
Torr), the post was cooled to 20K using a closed cycle-He refrigerator. Valence
band and Si 2p core-level enmergy distribution curves (EDC) are obtained. The
combination of sequential exposures of oxidizers are as follows : 2L of N20 and 2L of
Oz, 1L of Oz and 4L of N20, and reverse orders respectively. Finally the
unmonochromatic synchroton white light is illuminated to end the reaction.

Results and Discussion
Valence band EDC of Si(111)-2x1 shows the distinct occupied dangling bonds of
n-bonded chain. Four distinct molecules orbitals such as 2z, 40, 1z and 30 appeared
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from Si(111)-2x1 covered by 2L of N20O. As stated earlier, the dangling bonds (DB)
below the valence band maximum does not disappear. Additional 2L of Oz exposure
quenched DB states. The position of 2n orbital which is the lone pair of O shifts to
lower binding energy by 0.5e¢V and becomes broad. The position of 1z orbital of N2O
shifts to lower binding energy. Both of shifts are due to Oz since lwg orbital of Oz
has less binding energy than 2z orbital of N2O. The spacings between 30, 1z and 40
orbitals of N2O are even, while lnu orbital is near to 30g orbital for Oa.

When 2L of Oz is exposed first, DB states are quenched instantly and 1wg, 17,
30g, and 30g molecular orbitals of Oz appears. The additional 2L of Oz exposure
induced the shifts which are reverse direction compared to the previous case. Overall
reaction rate and oxide-conversion efficiency are higher that the previous case. This
is due to higher bonding efficiency of Oz relative to N20.

Conclusion

The reactive site of Si(111)-2x1 occupied DB states of the surface. The exposure
of 2L. N2O does not totally cover the reactive sites while O2 quenched the reactive
sites. This is considered as the major reason of the delayed initial oxidation by N2O.
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