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Fig. I. X-ray diffraction (using Cu-K
0 

and Cu-K� radiation) of a 5-µm thick Si:O 
film containing 5 x 1019 cm·3 of oxygen, showing no evidence of any polycrystalline
silicon. 

0 

interstitial oxygen 
.,, 

l 0 
0) 

u 

s:: 
0 
0) 

..... 
..... 

E Ill Si12
II) "' 

0 

r--4 Cl 

� 

I 00 I 70 l �O l JO 60 so no 90 \60 _90 

\Vavenumber (cm-I) 

Fig. 2. Ffffi transmission spectrum of a 5 µm thick Si:O layer containing -1020 cm·3

of oxygen. 



59 

cases it was a crystalline silicon layer without oxygen grown on top of the Si:O. This 

was accomplished simply by turning off the oxygen flow, although in most cases the 

growth temperature was also then ra!sed to 1000 °C to give a faster growth rate. 

These top Si layers were either doped p-type or n-type by introducing dopants during 

the epitaxial growth. 

A typical I-V curve at room temperature from an aluminum Schottky barrier 

on undoped Si:O (thickness 10 microns) on an n-type substrate is shown in Fig. 3. 

The current in forward bias was limited by the resistance of the Si:O layer, from 

which the resistivity of the SiO layer was then extracted. These measurements were 

made as a function of temperature for layers containing total oxygen concentrations 

on the order of both 5 x 10 19 cm-3 and 2 x 1020 cm-3 (Fig. 4). For both samples a

resistiv.ity of - I 06 .O,.cm was found near room temperature, with the value for the

sample with more O somewhat higher. Assuming mobilities near that of bulk Si, 

such a resistivity implies a fermi level pinned near midgap. Further evidence that the 

fermi level in the material was pinned near midgap is the activation energy of the 

resistivity which in both cases was 0.6 eV, approximately half of the bandgap of sili­

con. As the nature of the microstructure of the oxygen is not known, the exact mecha­

nism which contributes to the fermi level pinning (surface states of oxide precipitates, 

levels due to isolated O atoms, etc) is also not known. 

More complex are the I-V characteristics observed in p-Si/undoped Si :O/p­

Si structures at higher electric fields. In materials with very low intrin ic carrier den­

sities, such as insulators or semi-insulators, there are not sufficient carriers present in 

the material to conduct large amounts of current. At higher current levels, excess 

carriers which flow in from the contacts must be present, giving the material a net 

charge. This charge in the materiaJ causes the 1-V characteristics to deviate from a 

simple ohmic relationship. In the simplest case (Fig. S(a.)), the log I - log V charact­

eristics have a slope of I at low currents where the background carrier density is suf­

ficient to carry current, but a slope of 2 at higher currents where there is a large 

injected carrier density. If traps are present in the material, the situation can become 

more complex (1 OJ. Jn this case, a jump in the log I - log V characteristics can be 

observed as the quasi-ferrni level passes through the trap level, both because of chan­

ges in scattering and because all new injected carriers will then be available for con­

ductfon (Fig. 5 (b.)). Such characteristics are indeed observed from experimental 

structures (Fig. 6), confirming that deep levels are indeed present in the Si:O material. 

From a quantitative analysis of Fig. 6, a trap density on the order of 10 19 cm-3 can be

inferred (2). This is consistent with high donor and acceptor doping experiments of 

Si:O in our lab, as at very high doping levels (e.g. concentrations of phosphorus or 

boron>> 10 19 cm-3), the Si:O films are no longer semi-insulating and conduct well.

Hall measurements of doped layers yield a hole mobility which is somewhat lower 


















