FOR FIRST TIME, CARBON NANOTUBE TRANSISTORS
OUTPERFORM SILICON
For decades, scientists have tried to harness
the unique properties of carbon nanotubes to create
high-performance electronics that are faster or
consume less power resulting in longer battery life,
faster wireless communication and faster processing
speeds for devices like smartphones and laptops.
But a number of challenges have impeded
the development of high-performance transistors
made of carbon nanotubes, tiny cylinders made of
carbon just one atom thick. Consequently, their
performance has lagged far behind semiconductors
such as silicon and gallium arsenide used in
computer chips and personal electronics. Now, for
the first time, University of Wisconsin-Madison
materials engineers have created carbon nanotube
transistors that outperform state-of-the-art silicon
transistors.
As some of the best electrical conductors
ever discovered, carbon nanotubes have long been
recognized as a promising material for nextgeneration transistors. Carbon nanotube transistors
should be able to perform five times faster or use
five times less energy than silicon transistors,
according to extrapolations from single nanotube
measurements.
The
nanotube's
ultra-small
dimension makes it possible to rapidly change a
current signal traveling across it, which could lead
to substantial gains in the bandwidth of wireless
communications devices.
But researchers have struggled to isolate
purely carbon nanotubes, which are crucial, because
metallic nanotube impurities act like copper wires
and disrupt their semiconducting properties -- like a
short in an electronic device. The UW-Madison
team used polymers to selectively sort out the
semiconducting nanotubes, achieving a solution of
ultra-high-purity semiconducting carbon nanotubes.
"We've identified specific conditions in which you
can get rid of nearly all metallic nanotubes, where
we have less than 0.01 percent metallic nanotubes,"
says Arnold.
Placement and alignment of the nanotubes is
also difficult to control. To make a good transistor,
the nanotubes need to be aligned in just the right
order, with just the right spacing, when assembled
on a wafer. In 2014, the UW-Madison researchers

overcame that challenge when they announced a
technique, called "floating evaporative selfassembly," that gives them this control.
The nanotubes must make good electrical
contacts with the metal electrodes of the transistor.
Because the polymer the UW-Madison researchers
use to isolate the semiconducting nanotubes also
acts like an insulating layer between the nanotubes
and the electrodes, the team "baked" the nanotube
arrays in a vacuum oven to remove the insulating
layer. The result: excellent electrical contacts to the
nanotubes. The researchers also developed a
treatment that removes residues from the nanotubes
after they're processed in solution. The researchers
benchmarked their carbon nanotube transistor
against a silicon transistor of the same size,
geometry and leakage current in order to make an
apples-to-apples comparison.
They are continuing to work on adapting
their device to match the geometry used in silicon
transistors, which get smaller with each new
generation. Work is also underway to develop highperformance radio frequency amplifiers that may be
able to boost a cellphone signal. While the
researchers have already scaled their alignment and
deposition process to 1 inch by 1 inch wafers,
they're working on scaling the process up for
commercial production. Arnold says it's exciting to
finally reach the point where researchers can exploit
the nanotubes to attain performance gains in actual
technologies. "There has been a lot of hype about
carbon nanotubes that hasn't been realized, and that
has kind of soured many people's outlook.”But we
think the hype is deserved. It has just taken decades
of work for the materials science to catch up and
allow us to effectively harness these materials."
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NEW WAYS TO TRACK STARS EATEN BY BLACK HOLES
The
results,
published
online
in
the Astrophysical Journal, are based on two methods
that are new in the study of this sort of star
destruction: the first infrared observations, and using
galaxy dust to reflect, or "echo," the electromagnetic
energy burst of a star being devoured by a black
hole, called a "tidal disruption flare."

The approach, which in this case allowed
scientists to measure flare energy more precisely
than had been done before, offers fresh ways to
understand "tidal disruptions." The phenomena were
first raised hypothetically in the 1970s, and only
studied closely since 2005, although the first
possible examples were claimed several years
earlier. "What happens to the mass of the star once
it's torn apart?" Krolik said. "Is it heated up? Does it
go quickly into the black hole? Does it swirl around
for a while? These are the questions" that this
approach could help to answer, Krolik said.
The four scientists used images that had been
compiled by the Wide-field Infrared Survey
Explorer (WISE) telescope, which NASA launched
into Earth's orbit in 2009. The study considered five
instances in which a star had apparently moved
close enough to the gravitational pull of a black hole
to be drawn in, have its mass stretched and
compressed into long strands, and be devoured a
"tidal disruption." The events each of which can
unfold over a period of months occurred in five
galaxies, the closest of which is 840 million light
years from Earth.In each case, the destruction of the
star set off a burst of energy, or flare. Krolik said it's
been generally expected that the flares would emit
most of their energy in low-energy X-rays or
extreme ultraviolet light, but these bands are very
difficult to observe. For that reason, most

observations have been in visible or near ultraviolet
light.
This research relied on indirect observation
of the flare. The scientists compiled information
gathered by the telescope on the temperature of the
dust roughly 2 trillion miles away from where the
stars were destroyed by the black holes. The intense
radiation of the flare first burns away the dust,
cleaning out a sphere with a radius of about 2
trillion miles. At the edge of this sphere, dust
absorbs and then re-emits the heat from the tidal
disruption flare, creating a thermal "echo" picked up
by the telescope.
"The dust echo thus provides a unique means
to measure total energy that is emitted during the
stars' destruction," van Velzen said. "A
measurement of the total energy is very important;
without this we have an incomplete picture of what
happens during a stellar tidal disruption. For
example, the total energy is needed to understand if
the star got fully destroyed, or if the black hole only
nibbled a piece of the star."
The study refined the understanding of the
energy produced by these flares. The flare energy
was measured at 10 times more than previous
observations saw, but one tenth the energy predicted
in the earliest, most simple models. That point is
part of an emerging understanding of a cosmic event
that has only been observed a few dozen times. The
picture is bound to become clearer as researchers
develop new methods, including the first infrared
observations.
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MODEL MAKES ANTENNA DESIGN ORDERS OF MAGNITUDE
FASTER
The model is designed to speed development
of next generation MIMO antennas, which allow
devices to get more use out of the available
bandwidth. "Our model produces nearly optimal
results, and should save designers an enormous
amount of time in reaching results that can be used
to create prototypes or that could be refined using
conventional modelling techniques. Competition for
available bandwidth is fierce. Commercial and
military communication services must broadcast and
receive information via the finite spectrum of radio
frequencies, even as consumers are calling for faster
download speeds for their personal devices.

every possible configuration for a MIMO antenna
with only two ports would take approximately 7000
minutes using conventional methods. Using their
model, the researchers claimed to identify a nearoptimal configuration in approximately 15 minutes.
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SDR DEVELOPED FOR MM
WAVE SPECTRUM

However, implementing the MIMO concept
in small, mobile devices can pose significant design
challenges. That's because the ports can ‘couple’, or
interact, when they are placed too close together making it effectively impossible for them to
differentiate between the signals they are receiving
from the transmitters. Designing a MIMO antenna
and choosing the best location for each port on a
MIMO antenna can be time consuming, because
each possible configuration of ports requires
designers to calculate how the configuration would
affect all of the ports. And the problem increases by
an order of magnitude for every additional port used
in the design.
The researchers addressed this problem by
creating an approximate model that does two things:
It calculates the performance of each probe point in
regard to its efficiency in sending and receiving
information; and it tells users the extent to which
each configuration of probes causes the individual
probes to couple. The researchers calculated that
directly determining the performance impact of

According to National Instruments, it has
developed the first software defined radio for the
millimetre wave spectrum. The company says its
mm Wave Transceiver System can transmit and/or
receive wide signals with a real time bandwidth of
2GHz, within the E-band, which spans frequencies
from 71 to 76GHz. The system includes PXI
Express modules that collectively function as an
mmWave access point for a user device. Because of
the flexibility, users can develop mmWave
communication prototyping systems or perform
channel measurements using the same system.

“There’s no doubt that 5G will include
frequencies greater than 6GHz. The mmWave
transceiver system is an essential platform for
understanding the propagation models of higher
frequency signals and for building real world

prototypes of these new generation 5G systems.
Software is said to deliver a complete mmWave
physical layer, including channel coding in
LabVIEW virtual instrument source code to
expedite system development. Researchers can also
use the mmWave transceiver system baseband with
the E-band mmWave heads or other third party RF
front ends to explore other mmWave and microwave
frequency bands. Nokia has been working with early
versions of the system for more than a year. “[It] has
been a key research platform for our mmWave
research. The head of mobile radio research at
Nokia Bell Labs. “The platform delivers the right
combination of hardware and software necessary to
expedite our research and has given us confidence
that mmWave will indeed be a critical technology
for 5G.”

HIGH-ENERGY MULTISPARK CDI

This capacitor discharge ignition system
provides very high energy multi-spark discharge
each time the spark plug is fired. It generates a
shorter-duration ‘hotter’ spark than traditional
ignition and is usable up to 1,000 sparks per second.

In this follow up article we give the
assembly details for six different versions to suit
your car’s trigger source. Not recommended on 6cylinder or V8 engines without attending to the HT
lead separation
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ISOLATING HIGH-VOLTAGE
OSCILLOSCOPE PROBE
This low-cost project is designed to allow
you to use your oscilloscope to observe and measure
a.c. mains and other high voltage waveforms with
confidence.

•
•
•
•
•
•

Reluctor pickup
Points triggering
Hall Effect or Luminition
Engine management triggering
Crane optical pickup
Piranha optical pickup
Transformer winding and installation techniques are
also described.
This circuit produces an output of up to 300V
DC and can deliver a severe or even fatal electric
shock. High voltage design suitable for
experienced constructors

It has high-voltage opto-isolation built in
(>10 GΩ 500V) so your scope can take safe mains
measurements involving connections to live or
neutral. Three attenuation factors are available (10:1
100:1 and 500:1). Input resistance 2.0M || ~10pF
Surface mount design needs good soldering
skills
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