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Reactive silver ink is airbrushed onto a thin, stretchy plas-
tic fi lm to make a fl exible silver electrode. Photo by 
S. Brett Walker

we print,” Walker said.
 The reactive ink has several advan-
tages over particle-based inks. It is much 

faster to make: a batch takes 
minutes to mix, according 
to Walker, whereas parti-
cle-based inks take several 
hours and multiple steps 
to prepare. The ink is also 
stable for several weeks.
 The reactive silver ink 
can print through 100-nm 
nozzles, an order of mag-
nitude smaller than for 
particle-based inks, an im-
portant feature for printed 
microelectronics. More-
over, the ink’s low viscosity 
makes it suitable for inkjet 
printing, direct ink writing, 
or airbrush spraying over 
large, conformal areas.
 “For printed electronics 
applications, you need to be 

able to store the ink for several months 
because silver is expensive,” Walker 
said. “Since silver particles don’t actu-

ally form until the ink exits the nozzle 
and the ammonia evaporates, our ink re-
mains stable for very long periods. For 
fi ne-scale nozzle printing, that’s a rarity.”
 The reactive silver ink boasts yet one 
more key advantage: a low processing 
temperature. Metallic inks typically need 
to be heated to achieve bulk conductiv-
ity through a process called annealing. 
The annealing temperatures for many 
particle-based inks are too high for many 
inexpensive plastics or paper. By con-
trast, the reactive silver ink exhibits an 
electrical conductivity approaching that 
of bulk silver upon annealing at 90°C.
 “We are now focused on patterning 
large-area transparent conductive surfac-
es using this reactive ink,” said Lewis, 
who is also affi liated with the Beckman 
Institute for Advanced Science and Tech-
nology, the Micro and Nanotechnology 
Lab, and the Department of Chemical 
and Biomolecular Engineering at UIUC.

Terahertz transmitter sets 
frequency record

A terahertz transmitter developed at 
the Technical University (TU) of 

Darmstadt, Germany, has set a new fre-
quency record, 1.111 THz, for microelec-
tronic devices. The innovative device is 
also minuscule and operates at room 
temperature, which could lead to its pav-
ing the way for new applications in, for 
example, nondestructive testing or medi-
cal diagnostics.
 As reported in the Decem-
ber 8, 2011 advanced online issue 
of Applied Physics Letters (DOI: 
10.1063/1.3667191), a team of physi-
cists and engineers led by Michael 
Feiginov at the TU Darmstadt’s Institute 
for Microwave Technology and Photon-
ics developed a resonance tunnel diode 
(RTD) for generating terahertz electro-
magnetic radiation. The RTD terahertz 
transmitter occupies less than a square 
millimeter in area and can be produced 
using mostly conventional semicon-
ductor-device fabrication technologies. 

 The heart of their 
RTD is a dual-barrier 
structure, within which 
a quantum well (QW) 
is embedded. The QW 
is a very thin layer of 
indium-gallium arse-
nide semiconductor 
sandwiched between a 
pair of ultrathin barrier 
layers of aluminum-ar-
senide semiconductor. 
Each of these layers is 
one nanometer to a few 
nanometers thick. Due 
to a quantum-mechanical 
effect, this dual-barrier 
structure ensures that 
electromagnetic waves 
generated within a tera-
hertz oscillator will be 
repeatedly amplified, 
rather than attenuated, 
which means that the oscillator will emit 
continuous-wave electromagnetic radia-
tion at terahertz frequencies. The group 
of TU Darmstadt researchers collaborated 
with ACST GmbH, Germany, a fabricator 

of microelectronic circuit components, in 
producing their diode. Other authors of 
the article are C. Sydlo and P. Meissner 
of TU Darmstadt and O. Cojocari of TU 
Darmstadt and ACST GmbH. □

Terahertz transmitter; RTD stands for resonance tunnel diode. 
Image: Michael Feiginov/TU Darmstadt. Reproduced with per-
mission from Appl. Phys. Lett. (2011), DOI: 10.1063/1.3667191. 
© 2011 American Institute of Physics.

https://doi.org/10.1557/mrs.2012.71 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2012.71


Designed for materials identification, the Powder Diffraction File offers 
comprehensive, high-quality data. Independent of whether phase 
identification is performed by classic d,I pair analysis or by total pat-
tern comparisons, the accuracy of the reference in comparison to an
unknown is improved with higher quality reference data. Enhance your
competitive analysis with more high-quality data, more capability and
more analysis power—found only in the Powder Diffraction File!

More Capability—you’ve got it!
More Analysis Power—you bet!

The Powder Diffraction File
    PDF-2 Release 2011           243,911 material data sets

    PDF-4+ 2011                      316,291 material data sets

    PDF-4/Minerals 2011          37,642 material data sets

    PDF-4/Organics 2012       470,181 material data sets
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Comprehensive: 747,650 unique data sets
Improve your ability to analyze minor and trace phases

Exploit a full suite of data simulation programs enabling
the use of neutron, electron, synchrotron, and X-ray data

Tailor simulations for various instrumental and 
specimen characteristics

Utilize quantitative analysis methods: 
   Atomic parameters for Rietveld analysis

   I/Ic for Reference Intensity Ratio (RIR)

   Full digital patterns for total 
pattern analysis 

Visit us at Booth #306
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J.A. Woollam Co. has the world’s widest variety of Spectroscopic Ellipsometers
with 8 different models to non-destructively characterize thin film thickness and optical 
constants. After twenty-four years, over 15,000 samples characterized in our lab, and 
over 140 patents – we are the Ellipsometry Experts. 

M-2000®

The M-2000 line of 
ellipsometers is engineered 
to meet the diverse demands 
of thin film characterization. 
An advanced optical design, 
wide spectral range, and fast 
data acquisition make it 
extremely powerful for in situ, 
in-line and ex situ applications. 

VASE®

The VASE is our most 
accurate and versatile research 
ellipsometer for all types of 
materials: semiconductors, 
dielectrics, organics, metals, 
multi-layers, and more. Now 
available with the widest 
spectral range from ultraviolet 
to infrared.

alpha-SE®

A great solution for routine 
measurements of thin film 
thickness and refractive 
index. Designed for ease-of-
use: simply mount a sample, 
choose the model that 
matches your film, and press 
“Measure”. Results are yours 
within seconds.

AccuMap-SE®

Characterize thin film 
uniformity of large panels 
with ease. The AccuMap-SE 
combines a high-speed 
M-2000 ellipsometer, wide 
spectral range, and fast 
mapping for large panels. 
Perfect for photovoltaic or 
flat panel display thin films.

J.A. Woollam Co., Inc.
Ellipsometry Solutionssm for your Thin Film Characterization.

Ellipsometry Solutions

https://doi.org/10.1557/mrs.2012.71 Published online by Cambridge University Press

https://doi.org/10.1557/mrs.2012.71

