2-D Materials Produce Optically Active Quantum Dots for First Time
electrical or optical performance of the
semiconductor. Further, they found that they could
control the electrical and optical properties of the
quantum dots by applying either an electrical or
magnetic field.

Tungsten diselenide(WSe2), which belongs
to a class of 2-D crystals known as transition metal
dichalcogenides, is proving to be an attractive
platform for producing solid-state quantum dots
for emitting light.
While graphene has become increasingly used for
optoelectronic appications, researchers at the
University of Rochester claim that the work they
have done with tungsten diselenide represents the
first time that 2-D materials have produced
optically active quantum dots.
The researchers believe that this research, details
of which were published in the journal Nature
Nanotechnology, could serve as a basis for
integrating quantum photonics with solid-state
electronics. The result could be a new way to
produce so-called integrated photonics.
In the research, the Rochester team laid
atomically thin sheets of the semiconductor
tungsten diselenide one on top of the
next, creating defects in the semiconducting
material. These defects are what create the
quantum: nanoscale semiconductor crystals that
are sometimes described as “artificial atoms”
because, like atoms, when they absorb the right
amount of energy they subsequently give off
energy as colored light.
The researchers discovered that the
quantum dots they created by engineering the
tungsten diselenide defects did not impact the

In this way, the researchers were able to
control the brightness of the quantum dot’s light
emissions simply by applying a voltage. In future
iterations of the technology, the researchers
believe they will also be able to tune the color of
the emitted photons using a voltage, which will
open up these quantum dots to applications
including nanophotonic devices.
Another possibility opened up by the
quantum dots having been produced in this way is
a potential use in ”spintronics,” where the spin of
an electron is used to encode information rather
than a charge.
"What
makes
tungsten
diselenide
extremely versatile is that the color of the single
photons emitted by the quantum dots is correlated
with the quantum dot spin," said Chitraleema
Chakraborty, one of the authors of the Nature
Nanotechnology paper, in a press release.
The researchers believe that the easy
interaction between the spin and the photons
should make them attractive for quantum
information applications.
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“Life is 10% what happens to us and 90%
how we react to it.”
– Dennis P. Kimbro

New Theory Leads to Gigahertz Antenna on a Chip
asymmetric coupling between the spark generator
and the antenna allowed the transformation of the
RF electric signal into electromagnetic radiation.
The researchers realized that it was this
asymmetry, or “broken symmetry,” a concept
borrowed from quntum theory, that explained the
generation of electromagnetic waves in Marconi’s
transmitter.
It’s well understood that a dipole or
monopole metal antenna’s length has to be at least
one eighth of the wavelength of the wireless
signal in order to transmit enough power. For
transmission in the gigahertz range, where most
mobile communication takes place, wavelengths
between 15 and 30 centimeters had set a
limit for miniaturization
of
transmitter
and receiver antennas even as the silicon chips on
which they must be integrated got ever smaller.
Now researchers have found a way to
reduce the size of GHz antennas by modifying an
existing technique, the use of antennas made from
a dielectric or insulating material instead of a
conductor. In a proof of concept experiment, have
shown that they can reduce the size of a GHz
antenna without significant transmission loss by
using dielectric materials as the radio wave
emitting material. Up to now, no one fully
understood why a piece of dielectric material
would radiate electromagnetic waves when a radio
frequency signal was applied at one end. Maxwell
equation explains how high-frequency flows of
electrons in conductors generate electromagnetic
waves, but they do not explain how an insulating
material, where there is no flow of electrons,
would also act as an antenna.
The researchers, lead by Cambridge
engineer Gehan Amaratunga , found inspiration in
tech history. They noted that the Guglielmo
Marconi’s famous British patent application from
1900, known as7777, had an interesting and little
noticed detail. It depicted a transmitter linked to an
antenna connected to a coil, which had one end
dangling while the RF signal was fed to the middle
of the coil. Although counterintuitive, this

You can see such symmetry breaking in a
once-common 20th century technology: the twowire ribbons used during television’s first few
decades to send RF signals from rooftop VHF
antennas to television sets without any loss. The
electric RF current in the two conductors flow in
opposite
directions and have
opposite
phase. Because of the translational symmetry (the
two conductors are parallel) the radiation fields
cancel each other out, so there is no net
radiation into space. But if you would flare the
ends of the two conductors at one end of the
ribbon, they aren’t parallel anymore and you break
the translational symmetry. The two electric fields
are no longer aligned and don't cancel each other
out, causing the RF signal to be converted into
electromagnetic radiation.
Dielectric antennas are already in use, but
they are too bulky for on-chip use. Instead of the
dielectric materials in use today, Sinha and his
colleagues chose a piezoelectric film. “Normal
dielectric antennas are limited by fabrication
technologies because we cannot get dielectric
materials in thin-film form. Piezoelectric materials
can be in thin film form and their thickness can be
in the order of 100 to 20 micrometers.
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Chip Could Double Wireless Data Capacity
from whoever is trying to transmit to you from far
away."

The CoSMIC (Columbia high-Speed and Mmwave IC) Lab full-duplex transceiver IC, which
can enable simultaneous transmit and receive at
the same frequency
A new microchip could double the amount
of data one can transmit and receive wirelessly by
enabling simultaneous transmission and reception
on the same radio frequency, engineers at
Columbia University say.
This advance could not only improve
portables and WiFi networks, "but this could also
ease up the frequency spectrum as well,"
says Harish Krishnaswamy an assitant professor of
electrical engineering at Columbia University, in
New York City.
Normally radio transmitters and receivers
either work at different times or at the same time
but on different frequencies. What so-called "fullduplex radios" instead try to do "is to transmit and
receive at the same time and the same frequency,"
Krishnaswamy says. "This essentially can double
the data capacity of a wireless network."
The biggest difficulty that full-duplex
radios face is what is called transmitter echo or
transmitter self-interference. "If you can imagine
that a transmitter and receiver either share the
same antenna or have two antennas very close to
each other, the receiver mostly hears what the
transmitter is transmitting," Krishnaswamy
explains. "The signal from the transmitter can be
anywhere from 1 billion to 1 trillion times more
powerful than the signal you are trying to receive

The new device, which they presented last
month at the International Solid-State Circuits
Conference, relies on canceling out transmitter
echo. "The idea of echo cancellation is not new,
but it's very challenging," Krishnaswamy says.
"You're trying to cancel out a very powerful
signal, and that signal can also bounce off the
environment, so you have to account for how that
signal might look reflected off nearby objects."
Past echo-cancellation technologies could
be large and bulky. "Our innovation is to do it with
an nano-scale integrated circuit that we have
actually implemented in a CMOS microchip that
can fit in a mobile device," he says.
The researchers developed an echocancellation system that relies on filters that can be
dynamically reconfigured to account for how
nearby objects in a changing environment might
reflect signals. "We've shown that we can transmit
and receive at the same time," Krishnaswamy
says. "Now we're doing work to see if this can
actually double network capacity. Network
protocols will have to be redesigned—we have to
see how exactly wirless networks behave when
individual nodes can transmit and receive
simultaneously."
The researchers are now working on
testing their system with a Wi-Fi network. "We've
gotten a lot of interest from significant players in
the wireless space in development.
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Quantifying the Risk of Damage to Integrated Circuits in Space
meeting of the American Physical Society in
Baltimore.

The dangers that electronics face in space
from energetic charged particles emitted by the
sun are pretty big. How big? Glad you asked.
A researcher at Boeing has developed new
computer-aided design software designed to help
quantify the risk space weather can pose.
The perils related to geomagnetic storms
were made painfully clear in 1989 when sucha
storm blacked out the entire Canadian province of
Quebec within seconds. It left six million
customers in the dark for nine hours, damaging
transformers as far away as New Jersey, and
nearly taking down U.S. power grids from the
mid-Atlantic through the Pacific Northwest.
Moreover, geomagnetic storms 10 times as strong
are possible. One such event was the 1859 solar
superstorm.
The risk of damage to electronics from
space weather is even greater for satellites in orbit
and spacecraft dispatched to other planets—areas
far outside Earth's protective envelope. Designing
circuits for use in space has to account for such
dangers, but quantifying this risk has proven
difficult.
Now William Atkinson at Boeing has
developed software known as TSAREME (short
for Total Space and Atmospheric Radiation
Effects on Microelectronics) to account for errors
induced by the impact of radiation in near-Earth
orbits and inside the atmosphere. Atkinson will
describe his invention in detail on 12 April at a

For electronics meant to be used in space,
TSAREME computes the effects of strikes
by protons, alpha particles, and other high-energy
particles made of elements as heavy as iron. Inside
the atmosphere, TSAREME models the effects of
charged particles interacting with air molecules.
That allows the software to account for how the
magnetosphere, the bubble of plasma around Earth
controlled by the planet's magnetic field, can vary
with latitude.
The
software
analyzed
satellite
measurements of solar flares over a four-year
period to test a variety of electronic designs with
feature sizes varying from 1 micrometer down to
to 15 nanometers. It found that there are a number
of alternatives to conventional CMOS ICs that
significantly reduce the risk of electronic
disruptions in space. Among these are silicon
germanium, silicon-on-insulator, and silicon-onsapphire technologies.
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Nanotubes Capture Terahertz Radiation
A new type of detector for terahertz
radiation, made from carbon nanotubes and
requiring no power to operate, could usher in
better airport scanners, new medical imagers, and
more sensitive instruments for inspecting food and
machine parts.
The detector is an array of carbon
nanotubes made into a thin film 1 to 2 micrometers
thick, grown on a layer of silicon. Previous
attempts to use nanotubes as terahertz detectors
proved difficult, because an individual nanotube
had to be attached to a much larger antenna to
collect the radiation. In this case, the terahertz
photons are caught by a small but visible array,
about 100 µm wide and roughly a millimeter long.
Robert Hauge, a chemist at Rice University, in
Houston, Tex., and Francois Leonard, of the
Nanophotonics and Nanoelectronics Group at
Sandia National Laboratory, in Livermore, Calif.,
and their colleagues describe the work in a recent
paper in Nano Letters.

To make the array, researchers etched lines
into the silicon and added iron/aluminum oxide
catalysts. They then used chemical vapor
deposition to grow aligned carbon nanotubes from
those catalysts. The process naturally produces a
mix of metallic and semiconducting nanotubes,
with the overall array having an excess of positive
charge. They then transferred the array onto a
thermally conducting substrate—either aluminum
nitride, Teflon, or a combination of the two. Next
they attached gold electrodes to either end. Finally,
they placed a drop of benzyl viologen onto half of

the array, turning the treated nanotubes from
positive to negative and creating a p-n junction.
When terahertz radiation strikes the p-n
junction, it causes a photothermoelectric effect; the
nanotubes heat up and cause a current to flow. The
team can then measure the current to tally up the
T-rays reaching the detector. Nanotubes absorb
light strongly across a wide range of wavelengths,
so they don’t have to apply a voltage to get a
photocurrent. In fact, the scientists were able to
measure light from green in the visible region to
the far end of the terahertz region.
Leonard says researchers still need to
integrate the detector with a source of T-rays, as
well as with electronics to better measure the
incoming signal. Sandia is mainly focused on
security applications of terahertz radiation, he
says; that frequency can penetrate most materials
and return a spectrographic signature, making it
easy to detect drugs and explosives, but unlike Xrays it doesn’t damage human tissue. But terahertz
radiation could also be used for non-destructive
testing, for instance checking the thickness of
coatings on pharmaceuticals or examining the
quality of paint on a machine’s embedded
components.
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Nvidia Wants to Build the Robocar's Brain
which also bears on the self-driving problem,
where it’s important to dive into huge databases in
order to learn from experience. Nvidia calls this its
“deep learning” project.
“The majority of top supercomputers use
Nvidia GPUs, including Titan, the largest in the
U.S.,” notes Michael Houston, the technical lead
for
the project.
“Deep
learning has
different applications. The focus has been on
the visual analysis of imaging in video—web
science, embedded systems and automotive.
Fundamentally, we’re processing pixels.”
Nvidia, the graphic-card master, wants to
do for self-driving cars what it’s done for gaming
and supercomputing. It wants to supply the
hardware core—the automotive brain onto which
others can build their applications.
It’s called Drive PX, and next month it will
be released to auto makers and top-tier suppliers
for US $10,000 a pop (that’s a development kit—
future commercial versions will cost far less).
It packs a pair of the company’s Tegra X1
processors, each capable of a bit more than a
teraflop—a trillion floating-point operations per
second. Together they can manage up to 12
cameras, including units that monitor the driver for
things like drowsiness or distractedness. “Sensor
fusion,” which puts the various streams of data
into a single picture, can even include input from
radar and its laser-ranging equivalent, lidar. The
result is the ability to recognize cars, pedestrians
and street signs.
If you’ve played Grand Theft Auto, you’ll
have a good idea of what a professional driving
simulator is like, and if you’ve played with
simulators, you’ll have a passing familiarity with
self-driving cars. These systems manage parallel
streams
of
visual
data—and
parallel
processing is what Nvidia’s graphics processing
units, or GPUs, are designed for.
Until now,
the main
non-gamelike
application for GPUs has been in supercomputers,

Learning as you go would be the
ideal experimental
method,
and
such
a
skill would come in handy whenever the highdetail maps on which autonomous cars rely fail—
for instance, when a truck jackknifes, closing a
lane. Right now, though, safety regulators take a
dim view of such cybernetic self-assertion,
so anything a car learns must first be uploaded to
the cloud for analysis offline. Only later can the
car get the lesson via software update.
Auto companies that work with Nvidia
(which, by the way, already has processors of one
kind or another in some 8 million cars) and are
presumed to be lining up for the development kit
include Tesla, Audi and BMW, as well as top-tier
suppliers, such as Delphi. These companies will
build their own systems on top of the Nvidia
framework.
“We produce a reference design,” says
Danny Shapiro, Nvidia’s automotive senior
director. “But the application layer—with the
software, algorithms, and libraries—is still often
the role of the automaker itself.”
Nvidia’s gaming savvy is also coming into
play in other ways. The company uses similar
GPU-based systems in highly realistic simulators
that make it much easier to model problems that
robotic cars are likely to face on the streets.

“That’s the cool thing about simulation,”
Houston says. “There are lots of rare events, but
you can create models of them. Take the failure
case involving driver-assistance using radar:
anything that’s highly reflective—metal confetti or
a Mylar balloon, for example—will build a large
radar signature. We actually had an engineer
driving when an empty potato chip bag blew in
front and the car slammed on the brakes.”
Lidar has its own weaknesses, which
simulators can model and help to correct.
“Lidar doesn’t like highly reflective objects, like
store windows downtown,” Houston says.
“It’s hard to test in the car, but you can build it in
software and test that way. That’s how we harden
our stuff before we go to the test track.”
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Electromagnetic Arc Generator
Could Protect Against Shockwaves
with Plasma

Over the past few millennia, we humans
have been steadily perfecting more and more
violent ways of hurting each other. At the same
time, we've been almost as steadily perfecting
more and more reliable ways of protecting
ourselves.
We’re at the point where physical barrier
technologies are capable of stopping most
projectile weapons, so predictably, weapons that
rely on shockwaves (that can pass through
physical barriers) are becoming more prevalent. In
response to this, Boeing has filed a patent on a
system that can mitigate or prevent damage from
an incoming shockwave, using electromagnetic rc
generators. Here’s how it works.

When Boeing’s system detects a nearby
explosion (a “shockwave producing event”),
sensors calculate when the shockwave will arrive
at the protected region (a vehicle, in this example)
and from what direction. The system’s objective is
to create an “intermediate medium” between the
shockwave and the protected region that the
shockwave will have to pass through. This
medium is just a region of air with different
temperature, density, or composition that can

attenuate the shockwave, reflecting and absorbing
energy as it passes through.
The general concept is to use an
electromagnetic arc to create this intermediate
medium in mid-air on very short notice by using a
stupendous amount of energy to heat the air into
plasma. Boeing has suggested several different
ways in which an arc generator might be designed:
•
•

•

•

•

Converging laser or microwave beams to
generate a spherical region of plasma
Lasers that induce plasma channels in the
air, providing a path for an electric
discharge to create a plasma
Explosively launched metal pellets that
leave conductive trails as they fly through
the air, providing a path for an electric
discharge to create a plasma
Sacrificial conductors like wires or metal
strips connected to the vehicle that can be
vaporized to rapidly heat and ionize the air
Magnetic induction fields with rigid
channels of magnetic flux that can harvest
current from energy absorbed from the
passing shockwave to recharge the arc
generator

It’s tempting to call this a shield or a force field,
but words like that are guaranteed to generate a
completely incorrect mental picture what Boeing’s
system does. The best way to think of this is as an
active countermeasure that targets and mitigates
specific incoming threats. To get a sense of how it
might work in practice, here’s an old video of an
active protection system called Iron Curtain that
DARPA designed to shoot down RPGs at close
range:

Laser Li-Fi Could
Gigabits per Second

Blast

100

Struggling with spotty Wi-Fi? Li-Fi might
be the answer. The technology uses LED-based
room lighting instead of radio waves to transmit
data. But one of the leading Li-Fi proponents is
already looking beyond LEDs to laser-based
lighting, which he says could bring a tenfold
increase in data rates.
“The problem is that LEDs, although they
are more energy efficient than incandescent light,
they still can be improved in terms of their light
output,” says Harald Haas, chair of mobile
communications at the University of Edinburgh
and a member of the Ultra-Parallel Visible Light
Communications Project. “We strongly believe the
next wave of energy efficient lighting will be
based on laser diodes.”
Li-Fi encodes data on the light coming
from LEDs by modulating their output. The rapid
flickering is unnoticeable to the human eye, but a
receiver on a desktop computer or mobile device
can read the signal, and even send one back to a
transceiver on the ceiling of a room, providing
two-way communication. But many LEDs use a
phosphor coating to convert blue light to white,
and that limits how fast the devices can be
modulated, holding down data rates.

Replace the RPG with a shockwave and the
countermeasures with arc generators, and you’d
probably end up with something like what Boeing
has in mind.
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LEDs with off-the-shelf laser diodes vastly
improved the situation. Lasers, with their high
energy and optical efficiency, can be modulated at

10 times the rate of LEDs. And rather than using
phosphors, laser lighting would create white light
by mixing the output of several lasers operating at
different wavelengths. That means each
wavelength can be used as a separate data channel,
the same sort of wavelength division multiplexing
that lets optical telecommunications carry so much
data. The Edinburgh group’s experiment used nine
laser diodes.In research published in Optics
Express, Haas and his team showed that replacing
the
While LED-based Li-Fi could reach data
rates of 10 Gb/s, an improvement over the 7 Gb/s
maximum of Wi-Fi, using lasers could boost that
speed to “easily beyond 100 Gb/s,” Haas says.
At the moment, such a setup is expensive,
but Haas believes mass production will bring
down the cost of the lasers and move them into
lighting applications. BMW already sells laserbased headlights on its i8 model. “That is only the
start of a technology move as laser diodes get
more inexpensive.

High-Resolution
Printing
of
Quantum Dots For Vibrant,
Inexpensive Displays
Using
a
technique
much
like
inkjet printing, engineers have created highresolution patterns of quantum dots. Quantum dots
(QDs)
are
light-emitting
semiconductor
nanocrystals that, used in light-emitting diodes
(LEDs), hold the promise of brighter, faster
displays. But there is no reliable and efficient way
to pattern them at a high resolution to create
multicolor pixels for displays.
A materials science and engineering
professor at the University of Illinois in UrbanaChampaign, and his colleagues are repurposing a
printing method they devised for other
applications. When used with “QD ink,” it can
create lines and spots that are just 0.25
micrometers wide. They made arrays and complex
patterns of QDs in multiple colors, and could even
print QDs on top of others of a different color.
They sandwiched these patterns between
electrodes to make bright QD LEDs. Details about
the results were published in the journal
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Quantum dot TVs was big at the 2015
Consumer Electronics Show (CES) in Las Vegas.
Companies such as Sony, Samsung and LG all
have their own version. But the TVs demoed at
CES use QDs along with blue inorganic LEDs to
create a white backlight. The white light is beamed
through color filters at each pixel to generate any
color. The quantum dots are simply filled in a tube
or painted on the entire backpanel; they don’t need
to be patterned.

But companies such as QD Vision and
Samsung seek a true QD display, wherein red,
green and blue QD LEDs glow at each pixel. QD
LED displays would be rich and vibrant thanks to
the pure, bright glow of QDs. They would also be
efficient and affordable because QDs require very
little energy to light up, and they can easily be
made into inks and printed.

The ability to print QDs on top of other
QDs, meanwhile, offers a new way to do color
mixing. “In a display having separate RGB pixels
at each location is one way,” Rogers says. “But
you can also imagine mixing red and green by
printing on top of one another. You could generate
LEDs with any emission color at all by mixing and
matching multiple quantum dots.”

Seems simple, doesn’t it? It was—except
for the fact that no one had been able to print with
these inks. The best that researchers had been able
to do, Rogers told IEEE Spectrum, was print QDs
on a surface using a patterned rubber stamp. But
that wouldn’t cut it for mass production.

Rogers says his team is now working on
creating arrays of multiple nozzles, which would
be important for manufacturing. Inkjet printers
usually have a few hundred nozzles. The difficulty
with the e-jet printing method is that the electric
field at one nozzle affects the fields of neighboring
nozzles. So the engineers are trying to figure out
how to isolate nozzles in order to eliminate that
crosstalk.

So Rogers and his team turned to a
technique called electrohydrodynamic jet, or e-jet
printing, which they developed and used to print
patterns of DNA and carbon nanotubes.
The print tool in this case is a metal-coated
glass capillary tube with a 5-micrometer nozzle at
the end. A pneumatic system pushes the QD ink in
the tube just enough that it bulges out of the tip.
A voltage bias applied between the
capillary and a metallic surface force free ions in
the ink to accumulate in that bulging ink drop. “As
those deposit, they deform the shape of the
meniscus from circular to conical,” Rogers
explains. “That terminates in the formation of
droplets at the tip of the cone.”
The droplets, which are printed on the
surface, are much smaller than the nozzle tip
because they’re generated from the fluid cone
rather than the nozzle itself. Compared to
stamping, he says, “We can do more diverse
geometries more easily.
There’s an inherent versatility in
patterning. And we also eliminate any possible
chemical contamination due to contact with the
stamp surface.” The researchers can print QDs on
pretty much any surface as long as they lay it on a
metal backplane. That means they could print on
flexible surfaces, which is an exciting prospect for
displays as well as lighting.
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The Rise of the Monolithic 3-D Chip
Ever since the integrated circuit made its
debut, semiconductors have been “single-story”
affairs. But chipmakers are now considering ways
to build additional transistor-packed layers right
on top of the first. The approach—dubbed
monolithic, or sequential, fabrication—could boost
the density, efficiency, and performance of logic
chips without necessitating a move to smaller
transistors. And that could be a boon for an
industry that is seriously contemplating the end of
miniaturization.

chipmakers might be able to avoid all the technical
complications associated with shrinking circuitry.
“What you win in terms of density, performance,
and power consumption is what you would if you
had [moved to the] next generation,” says Maud
Vinet, manager of advanced CMOS at CEA-Leti, a
research institute in Grenoble, France.

The concept of 3-D circuitry is nothing
new. Chips are routinely packaged one on top of
another. Nowadays, this packaging is increasingly
done using large copper pillars—called throughsilicon vias, or TSVs—to vertically connect
already-completed chips.

But this prefab approach has its limitations.
TSV widths can be measured in micrometers, and
that scale is gargantuan compared to the nanoscale
features in state-of-the-art chips. That size limits
the use of TSVs to fairly low-density connections,
such as those needed to join memory and logic
together.
In a monolithic 3-D circuit, a chipmaker
would simply continue building on top of a 2-D
chip, adding an additional layer of silicon on
which another set of circuitry could be built. The
vertical connections made in this process could
potentially be as dense as those found on a 2-D
logic chip. If such circuits could be made,

1. The first layer of transistors—and the
metal wires used to connect them—is built
on a silicon wafer.
2. The circuitry is coated with a layer of
oxide to serve as electrical insulation.
3. A new wafer containing a layer of oxide
sandwiched between two layers of silicon,
one thick and one thin, is bonded upside
down on the first layer.
4. The bulk of the wafer and oxide are
removed, and a second layer of circuitry is
built on top of the remaining silicon.
5. Holes are etched down through the stack
and filled with metal. The resulting
interconnect can wire two layers together
[left] or access each layer individually
[right].
But the process is less straightforward than it
sounds. Temperatures upwards of 1000 °C are
typically used to force dopant atoms into silicon
and create the semiconductor portions of the
transistor. Applying such heat to create a second
layer of transistors could destroy crucial
components in the first, including salicide, a

metal-silicon alloy used to help carry signals in
and out of devices.
Now,
research
into
lower-temperature
processes is picking up. Leti has developed one
scheme that bonds a second silicon wafer on top of
the first tier of circuitry. All but a thin silicon layer
on this second wafer is stripped away. A second
layer of transistors is built using a process called
solid-phase epitaxy, in which a mixture of dopant
atoms and amorphous silicon is laid down. The
mix is then heated to just 600 °C, giving the
silicon enough energy to crystallize. As a last step,
connections are made by etching holes down to the
first layer and filling them with copper.
This approach has been used to create basic
circuits, such as inverters, that span two chip
layers. And last year, Leti reported that devices
fabricated with this process perform as well as
those made at higher temperatures. The work is
now getting the attention of chipmakers. In
December 2013, during the IEEE International
Electron Devices Meeting in Washington, D.C.,
Leti announced that it had entered into an
agreement with mobile chip powerhouse
Qualcomm to evaluate the technology for mass
production. In the process of this research, Vinet
says, Leti worked closely with manufacturing
partner STMicroelectronics. “There is no major
roadblock to the transfer of this technology to
foundries,” she says. “I feel very confident when I
say that.”
Leti isn’t the only group exploring monolithic
fabrication. At the same meeting, for example, a
team led by Jia-Min Shieh of the National Nano
Device Laboratories, in Hsinchu, Taiwan,
presented two-tier circuits made by growing
silicon atop a layer of transistors instead of adding
a second silicon wafer. The Taiwan team’s lowtemperature process isn’t sufficient to create
perfect single-crystal silicon, so the process might
be suitable only for creating memory, which tends
to be more tolerant of crystal defects, Shieh says.
When it comes to memory, monolithic 3-D
fabrication already seems to be making inroads in
industry. In August, Samsung announced it had

begun production on NAND flash with memory
cells arranged along dense vertical lines, and other
companies have similar plans. But details are scant
on the particulars of the manufacturing process.
“Memory
looks
like
it’s
already
commercialized. Logic has a long way to go,” says
Sung Kyu Lim of Georgia Tech. Lim, who is
working on monolithic 3-D circuit design, says
there are open questions that can be resolved only
when research progresses from simple components
to full-size chips. Manufacturing imperfections
and variations could lower yield and make
monolithic 3-D chips more expensive. He adds
that transistors made at lower temperatures may
not perform as well as their high-temperature
brethren, a shortcoming that would necessitate
larger and thus less dense transistors in the upper
stages of designs. Still, he says, as chipmakers
bump up against fundamental physical limits, they
may find themselves short on options. In the
future, he says, “the only way to go to add more
devices will be vertical.”

Submitted by
B. Lakshmi Sravanthi
IV-ECE
11K61A0413

