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Aim:
development of efficient Si-based light sources
operating in the visible or in the infrared region

Our proposal:
Sinanocrystals prepared by PECVD

Advantages of PECVD-prepared Si nanocrystals:
fully compatible with VLSI technology

good efficiency

high stability

tunability

Er-doped
Si nanocrystals

| |

visible or near-1R R
(650 - 950 nm) (1.54 um)

S1 nanocrystals



Si nc embedded in SiO,
from S10_ films

a) S 10. film PECVD
deposition SiH, + N,O
( 200 nm thick ) T =300 °C

thermal annealing
N, ambient
T=1000 - 1250 °C

b) S1nc
formation
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High resolution TEM




St ne from S10_ films:
effect of the annealing temperature
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Number of crystals (%o)

Si nc from SiO,_ films:

effect of the Si concentration
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Room temperature PL from Si nc
embedded in SiO,
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Analysis of the PL decay time
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CROSS SECTION FOR Si ne EXCITATION
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interacting Si-nc
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Variable Stripe Length Method
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VSL measurements on Si nc
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VSL measurements on Si nc
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Net modal gain (cm')

Modal gain spectrum vs. PL spectrum
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OPTICAL MICROCAVITIES BASED ON Si NANOCRYSTALS
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DIRECTIONALITY PROPERTIES OF
St ne-BASED MICROCAVITIES
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Optical microcavities based on Si ne¢:
the effect of the reflectivity of the mirrors
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Electroluminescent MOS

2 St nanocrystals

» In Si0,
(70 nm)



Electrolummescent MOS

n-type poly-Si




I-V characteristics of
Sinc devices
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Electroluminescent MOS
based on Si nc
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Comparison between
EL and PL of Si nc
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EL intensity at 850 nm (a.u.)

EL intensity vs. voltage and current density
for Si nc devices
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Influence of the applied voltage
on the EL peak shape of Si nc
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Si nc-based devices:

optimization of the active layer

EL Intensity at 850 nm (a.u.)
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Normalized EL Intensity

Cross section for Si nc excitation
in Si nc based devices
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Er-doped Si nc from SiO_films

a) SiO, film P!EC‘iD
deposition SiH, + N,O
T=300°C

thermal annealing
N, ambient
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b) N1 ne
tormation
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Er-doped Si nc:
room temperature luminescence
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Luminescence from Er-doped Si-nc
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Energy transfer in Er-doped Si nc

Fr ions per Si nanocrystal
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Er influence on the lifetime of Si nc
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Effect of the temperature on the lifetime of Er-doped Si nc
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Cross section for Er excitation
in Er doped Si nc
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Effect of the Er concentration
on ¢ and T in Er doped Si nc
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OPTICAL MICROCAVITIES BASED ON Er-DOPED Si-nc
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Electroluminescent MOS
based on Er-doped Si nc
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Room temperature electroluminescence
from Er-doped Si nc based devices

:

20 Alem’

RT

:

EL intensity (a.u.)

—

1600 1700
Wavelength (pm)



EL from Er-doped Si nc based devices:
the effect of the current density
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EL from Er-doped Si nc based devices:
the effect of the temperature
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Time-resolved ELL. measurements
in Er-doped Si nc based devices
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Time-resolved EL. measurements
in Er-doped Si nc based devices
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CONCLUSIONS

Si nanocrystals represent a very promising
system to realize an efficient Si-based light
source:

¢ Sinc exhibit a strong and tunable room
temperature luminescence;

« Sincexhibit optical gain;

e spectral purity and luminescence
intensity can be strongly improved by
realizing Sinc-based microcavities;

e« Si nc can be electrically pumped to
obtain room temperature operating
devices.



