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Abstract

Silicon quantum dots are synthesized and studied extensively by the
REMRSEC, but they have not thus far had a fast and reliable way to
characterize them. In this work, Raman spectroscopy is employed to study
dots in varying types of samples, with special attention paid to the effects
excessive laser power density can have on amorphous silicon.
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Raman Spectroscopy

* The vast majority (99.99999%) of Incoming
scattered light is scattered elastically photons
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* We can collect Raman light and use
these energy shifts to learn about the
structure of materials

Silicon Quantum Dots
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* The argon-ion laser excitation line at 514.5nm was used in a
backscattering geometry

* The laser was focused through a 45x objective into a spot of area
0.73um?

* Wavenumber shifts were calibrated using the mercury green line

* Arotary filter adjustable from optical density o up to 2 was inserted
into the beam path to modulate the power density to desired levels

* Particular parameters (power density, exposure time, any background
subtraction or other analysis) are noted with their respective plots
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Results

Determination of Crystalline Fraction

Si) matrix

 Following established analysis9, 3 Gaussian peaks were fitted representing

crystalline (c-Si), hexagonal (h-Si), and a-Si phases

of the c-Si and h-Si peak areas to the total integrated intensity

* These data were all obtained from 40-minute exposures at a power density of

~.068MmW/um?2

film 847, 11.83% crystalline film 348, 47.42% crystalline

1200

Films in these experiments were Si QD’s embedded in an amorphous silicon (a-

The approximate crystalline fraction was determined from the ratio of the sum
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amorphous silicon is crystallized by high laser power density
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Crystallite Size
* Based on Hessel's® data, average
sizes can be estimated:

film 792, 63.82% crystalline

3500 = original Raman data, linear background subtracted
fit summary curve

3000 crystalline peak centered at 518.3
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hexagonal peak

3]
en
]
=
I

e Ramanm
quantum
films

* Measure
modify th
dots to ox

 From thes

Film |c-Si peak location | Approx. avg.
F (cm) size (nm)
847 |516.8 9.5
oo | 348 |518.4 17.6
_aslu | | |4|:Im — I45ID — | 5|:Im - sén — | stlm 792 518.3 17.5
wavenumber shift (cm”*-1)
Results from loose QD powders -

100 - Raman data

* These samples were piles of powder
originally deposited on silicon, and were
viewed between two thin wafers of alumina
(Al,O,), which is Raman-inactive in the
relevant region

* Data at right were obtained from a 1-hour
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2esults from QD films
3 film of quantum dots deposited on silicag

QD film, 15-minute deposition

original Raman data

exponential fit x,"/f fluorescent, even at |OW power

2000 - data with exponential subtracted _
crystalline peak fit centered at 519.1 A

s " to the background and subtracted
Note that no amorphous peak s

observed —these dots appear to be

highly crystalline; however, it is
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density, so an exponential was fitted
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* Inthis treatment, the dots are highly
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Heating Effects

power density incident on
em (see right) or cause
n to crystallize (see below)

Bottom of a chunk of QD’s charred by laser

We aimed to stay well
below threshold cited by
similar work® of 1amW/um?
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