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The transport properties of siloxene (as-grown and annealed) are investigated. The dark conductivity 
is thermally activated with an activation energy of about 1 eV for as-prepared siloxene, in accordance 
with the insulating nature of this material and its energy gap of about 2.6 eV. The conductivity is very 
sensitive to the presence of ambient gases. The spectral and temperature dependence of photo- 
conductivity is also discussed. 

1. Introduction 

Siloxene (Si,O,H,) is a silicon compound which shows a strong visible photoluminescence 
comparable to that of porous silicon, and is thus an alternative material for Si-based 
luminescent devices. Different siloxene modifications can be obtained via the reaction of 
HC1 with CaSi, depending on the reaction conditions applied [l to 51. However, so far 
nothing is known about the transport properties of siloxene in its different states (as-prepared, 
annealed, contaminated, etc.). Here we present first results concerning dark and photo- 
conductivity of siloxene using different sample structures. 

2. Experimental Details 

The samples have been prepared in two different ways. For type-I samples, Wohler siloxene 
powder produced by the reaction of a 37% HCl solution in water with CaSi, was dissolved 
in a suitable solvent (e.g. ethanol) and then applied to a conducting substrate (indium-tin- 
oxide or crystalline Si). After evaporation of the solvent, layers with typical thicknesses 
between 50 and 200 pm were obtained. Type-I1 samples were produced by evaporating Ca 
onto hot crystalline Si substrates (T  z 730 “C), thereby producing quasi-epitaxial layers of 
CaSi,. These layers were subsequently transformed into siloxene via exposure to a 37% 
HCI solution in water. Further details of the preparation procedure can be found in [6]. 
The conductivity measurements were performed in vacuum (< Pa) or in certain gas 
atmospheres (H,O, nitrogen, oxygen, or ethanol). The sample was heated to a temperature 
between 400 and 650 K for some time to outgas and then cooled down to room temperature 
slowly while measuring the dc conductivity using a Keithley 617 electrometer. 
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Fig. 1. Arrhenius plot of the conductivity of siloxene powder in vacuum. After evaporation of adsorbed 
contaminants the conductivity shows a thermally activated behavior. a) A typical measurement taken 
with a sample which has been exposed to air. b) Increase of conductivity after annealing the sample 
for 10 min at 280 ' C  

3. Results and Discussion 

3.1 Dark conductivity 

The room temperature dc conductivity of siloxene is about lo- '* R - '  cm-',  as expected 
for an intrinsic material with an optical band gap of 2.3 eV. At elevated temperatures, e.g. 
at T = 500 K, we find values around 10- l 3  0-' cm-'. Plotting the current versus 1000/T 
reveals a thermally activated behavior with an activation energy of R 1 eV. The rather low 
prefactor go z lo-' R - '  cm- '  indicates a possible percolation problem. Two typical 
measurements are shown in Fig. 1. Fig. l a  shows the initial desorption of contaminants 
which give rise to the high room temperature conductivity in as-prepared samples. Fig. 1 b 
exemplifies the irreversible effect of high-temperature annealing on the conductivity. 
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Fig. 2. a)  Photoluminescence spectra of thin films of siloxene as-grown and annealed for 5 min at 
around 350 'T. b) Conductivity of siloxene after thermal annealing at  different temperatures. The 
different curves have been scaled by a suitable factor for better comparison 
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Fig. 3. Dark conductivity of siloxene in dif- 
ferent saturated gas atmospheres 
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Annealing changes the structure of siloxene and reduces its band gap from 2.6 to 2.0 eV 
[7]. This can be seen both in the photoluminescence (PL) spectra and in the dc conductivity. 
The PL maximum can be shifted by annealing the sample from about 2.3 to 1.7 eV (Fig. 2a). 
Simultaneously, the conductivity increases and the conductivity activation energy decreases 
from z 1 to ~ 0 . 6  eV. 

In the as-prepared state the conductivity of siloxene depends strongly on the ambient 
atmosphere. Fig. 3 shows the room temperature conductivities of siloxene in different 
saturated gas atmospheres. Polar molecules (water, ethanol) increase the conductivity by 
many orders of magnitude, whereas unpolar gas molecules (N2) have a much weaker effect. 

3.2 Photoconductivity 

Fig. 4 shows the dark and the photoconductivity of as-prepared but outgased siloxene as 
a function of inverse temperature. Below 400 K, the photoconductivity has a weaker 
temperature dependence than the dark conductivity and exceeds the dark conductivity at 
room temperature by more than an order of magnitude. According to Fig. 5a, the intensity 
dependence of cph is sublinear and approaches the square-root dependence of bimolecular 
recombination kinetics at high intensities, with a possible transition to monomolecular 
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Fig. 4. Dark and photoconductivity of the 
siloxene sample vs. inverse temperature. The 
photoconductivity was measured with heat- 
filtered whitelight (intensity = 100 mW/cmz) 
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Light Intensity- Photon Energy (eV) - 
Fig. 5. a) Dependence of the photoconductivity on the incident photon flux. b) Dependence of 
photoconductivity and optical absorption on the energy of the incident photons 

recombination at lower intensities. The dependence on the incident photon energy according 
to Fig. 5 b closely follows the optical absorption. 

The experimental results described above are valid both for type-I and type-I1 samples. 
A major problem, however, with thin siloxene films on silicon (thickness = 5  pm) is their 
mechanical fragility and the occurrence of pinholes. The present work is concentrated on 
possible ways to overcome these problems. 

Acknowledgement 

This work was supported by the European Union under contract number Copernicus 
93-7839. 

References 

[l] H. KAUTSKY, Z. anorg. Chem. 117, 209 (1921). 
[2] F. WOHLER, Liebigs Ann. Chem. 127, 257 (1863). 
[3] E. HENGGE, in: Silicon Chemistry 11, 51 Topics in Current Chemistry, Springer-Verlag, Heidelberg 

[4] A. WEISS, G. BEIL, and H. MEYER, Z. Naturf. 34b, 25 (1979). 
[S] H. UBARA, T. IMURA, I. HIRABAYASHI, and K. MORIGAKI, J. non-crystall. Solids 59/60, 641 (1983). 
[6] M. ROSENBAUER, M. S. BRANDT, H. D. FUCHS, A. HOPNER, A. BREITSCHWERDT, and M. STUTZ- 

MA”, Optical Properties of Low-Dimensional Silicon Structures, Ed. D. C. BENSAHEL et al., Kluwer 
Academic Publ., Dordrecht 1993 (p. 43). 

[7] P. DEAK, M. ROSENBAUER, M. STUTZMANN, J. WEBER, and M. BRANDT, Phys. Rev. Letters 69,2531 
(1992). 

1974 (p. 92). 




