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http://www.ioffe.rssi.ru/SVA/NSM/Semicond/Si/index.html

Crystal structure Diamond J‘-ﬂj Y /\ . /\OO ‘\.\J.ﬂ\ - SSS\
Group of symmetry On'-Fd3m
Number of atoms in 1 cm’ 5.10 0 .o A S e
ot . 30 6 -1 A)YO ~U"Jy‘$‘uﬁ}
Auger recombination coefficient Cn 1110 "cm"s -
o . .. -31 6 -1 .. . - - .
Auger recombination coefficient Cp 3-10 "cm's 48 S\ OJ\ 4%)3 \ . S
Debye temperature 640 K
Density 2.3299cm'3 . SS \ -“\‘u - | \)” 4.; 3
Dielectric constant 11.7 - -
Effective electron masses mi 0.98mo . !S Y -1 Y /\ U‘ S n ‘\-3)3
Effective electron masses mt 0.19mo Bt )
Effective hole masses mn 0.49mo Yn / . S \a Ya \a C\ . 4.33\.15
Effective hole masses mip 0.16mo e )
Electron affinity 4.05eV ‘H i \a ~ 5)] S \ L.L“\
Lattice constant 5431 A ) ]
Optical phonon energy 0.063 eV - { it R o
JM-(Q}\ Yoo 4.\.9}.\“ ‘\.AJM\

http://nautilus.fis.uc.pt/st2.5/scenes-e/elem/e01491.html
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Nanotechnology rules, OK!
Creating micro: graffiti is fun. But for the pe ing in atomic electronics the
s business is devising minute o the future
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Broadband Light Amplifier:
A Link in Silicon Photonics

ilicon photonic systems-on-a-chip

will require components to direct
and filter light. Now researchers have
created a new kind of amplifier for a
silicon chip—one that works for a much
broader range of wavelengths than previ-
ous devices.

The amplifier, created by the research
groups of Alexander Gaeta and Michal
Lipson at Cornell University, employs a
nonlinear process called four-wave mix-
ing (Nature 441, 960).

The amplifier consists of a 6.4-mm-
long silicon waveguide with a cross-section
of 300 by 550 nm, surrounded by silicon
dioxide. The researchers sent a signal at
wavelengths of around 1555 nm through
the waveguide, along with a pump beam
from a separate light source. The tight
confinement of the photons allows for
an energy transfer between the beams.

In four-wave mixing, two photons
at the pump wavelength are converted

into two new photons, one at the signal
wavelength and one at a wavelength that
equals twice the pump wavelength mi-
nus the signal wavelength (see diagram,
right). The original signal photons join
the ones created by the mixing process,
so the signal is amplified.

Four-wave mixing itself is not new,
but this process had not been previously
demonstrated on a silicon chip, said
Lipson, an assistant professor of electrical
and computer engineering. In fact, previ-
ous four-wave mixing amplifiers, made
with optical fibers, are tens of meters
long.

With such a high degree of con-
finement, even a small change of the
waveguide’s dimensions brought about
a big change in the amount of ampli-
fication. Based on the finite-difference
time-domain computer simulations that
they carried out, Lipson, Gaeta and col-
leagues sized the waveguide to provide

T Idler
Pump
Signal
Amplified signal Pump
s

—

e e Icler

Pump Si waveguide

Diagram of four-wave mixing within a
broadband light amplifier.

Gaeta Group, Cornell University

the optimum amount of amplification. In
experiments, they realized a peak conver-
sion efficiency of +5.2 dB, more than 20
times the efficiency of earlier efforts.

According to Lipson, the new ampli-
fier will permit dense wavelength division
multiplexing in all-silicon photonic inte-
grated circuits. The Cornell researchers’
work also could lead to the application of
four-wave mixing to related silicon-com-
patible optical circuit elements.
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Table 2. Estimated Abundance of Elements (in relative atomic %)

Earth Earth's crust Earth's Atmosphere
Oxygen 50 Oxygen 47 Nitrogen 78

Iron 17 Silicon 28 Oxygen 21
Silicon 14 Aluminium 8.1 Argon 0.93
Magnesium 14 lron 5.0 Carbon 0.03
Sulphur 1.6 Calcium 3.6 Neon 0.0018
Nickel 1.1 Sodium 2.8 Helium 0.00052
Aluminium 1.1 Potassium 2.6

Universe Sun Humans

Hydrogen 92.47 | Hydrogen 90.99 | Hydrogen 61
Helium 7.40 Helium 8.87 Oxygen 26
Oxygen 0.06 Oxygen 0.078 | Carbon 10.5
Carbon 0.03 Carbon 0.033 | Nitrogen 2.4
Nitrogen 0.01 Neon 0.011 | Calcium 0.23
Neon 0.01 Nitrogen 0.010 | Phosphorus |0.13
Others 0.01 Magnesium | 0.004 | Sulphur 0.13

http://www.physics.hku.hk/~tboyce/sfseti/07elements.html
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Atomic  Name Symbol M.P. B.P. Density* Earth crust Discovery Group*
Weight (°C) (°C) (alcm?) (% )* (Year)

15.9994 Oxygen o -218 -183 1.43 46.71 1774 16
28.0855 Silicon Si 1410 2355 2.33 27.69 1824 14
26.9815  Aluminum Al 660 2467 2.7 8.07 1825 13
55.845 Iron Fe 1535 2750 7.87 5.05 ancient 8
40.078 Calcium Ca 839 1484 1.55 3.65 1808 2
22.9897 Sodium Na 98 883 0.97 2.75 1807 1
39.0983 Potassium K 64 774 0.86 2.58 1807 1
24.305 Magnesium Mg 639 1090 1.74 2.08 1755 2
47.867 Titanium Ti 1660 3287 4.54 0.62 1791 4

http://www.science.co.il/PTelements.asp?s=Earth

Electron
configuration

[He] 25° 2p4

[Ne] 3s” 3p°

[Ne] 3s” 3p*

[Ar] 3d° 4s°

[Ar] as’

[Ne] 3s'

[Ar] as'

[Ne] 3s°

[Ar] 3d° 4s°

lonization

ener eV

13.6181

8.1517

5.9858

7.9024

6.1132

5.1391

4.3407

7.6462

6.8281
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nanoparticles

® 1-10 Q-cm p-type <100> Si Si Anode
® H202:HF:MeOH etch at MRS
>150mA/cm? riceus
7
® [ ateral etch produces
MenIscus

® Slowly lower sample ~1-2
mm/Hr

H202:HF:M eQOH

® Ultrasound and filter

USpatent/issued'/--
US patent issued ----



Manipulation of surfaces of
nanoparticles
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Si-H

« Hydrogen removed and replaced with an amine group
« Highly improved solubility

Si-NH

E. Rogozhina, P.V. Braun, M.H. Nayfeh, et. al., Appl. Phys. Lett., 78, 23, 2001



.
{,;‘{:z({ Al I Gl 5 oo A gia A el clubua
N

‘f“' http://www.freepatentsonline.com/6815706.html
PR

e OSE A gLl cabalual)

Ol SIS e 488 ) A eS Clas e g giag s 2ane Jsh 53 550 Sl Gl

S e s sy Sall o3 Aada g llud) 138 hans e Ll Al iy sl (ge e pana o
umkdhh&yu\@jﬂd\ddu)@ﬁ\mjd\oym

@m.aj).u_uﬂuv JUMJQ\UAF@JLUQM\ULFUA)“EF\MU&(
@u‘@&jdﬂaj\)ﬂwﬂﬁﬁowﬁdbé

e.u\_utL_w\_u)aj\u\u;&yu\duﬂuuﬂ\wﬁu\)uj)ﬂ)dm&dsaé\_\l«:(«_1
prophyrins,phthalocyanines, anthraquinones J! (e (s sis3 4e sana (0 la jlial
cyanines

M\@M&MjuuﬁhijgmdL@q)ﬂ\@\ﬂ\M\ \J.m .
308 Al dayf g Led a yill 4958 Jan 48 u@d&uw\a&jdyu\@jw\

il GBI e e J pemal (Say ¥ Jall 5 el e



