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ELECTRONICS

MULTIPHYSICS
SOFTWARE, A VERSATILE,
COST-EFFECTIVE R&D
TOOL AT SHARP

Supports lab’s mu/t/'d/'scip//'nary research
and proc/uct c/eve/opment activities

By GARY DAGASTINE

TODAY’S ELECTRONICS PRODUCTS are sophisticated, highly
integrated systems that may contain technologies as
diverse as processors, communications chips, analog and
passive components, light and power sources, displays,
imagers, microelectromechanical systems (MEMS), and
other components.

This wide range of technologies and the many interac-
tions within and among them mean that product devel-
opers must draw on multiple scientific and engineering
disciplines right from the outset of a project to meet func-
tionality, quality, cost, and time-to-market goals.

Nowhere has this multidisciplinary approach taken root
more firmly than in the R&D laboratories of Osaka, Japan-
based Sharp Corporation. Sharp is one of the world’s larg-
est producers of televisions and liquid crystal displays and
is a major force in LED lighting systems, solar cells, mul-
tifunction business machines, and a variety of other elec-
tronics-based products.

Sharp’s global R&D presence includes laboratories in
Japan, which is the global headquarters for R&D, as well
as in Oxford, England; Camas, Wash.; and Shanghai,
China. The mission of each laboratory is to develop tech-
nology that can be used in Sharp products, and while
each lab works on roughly the same research themes—
displays, health, energy, and lighting—each has its own

unique capability and tai-
lors its activities to support
Sharp’s regional businesses.
A case in point is Sharp
Laboratories of Europe
(SLE), Sharp’s wholly
owned affiliate in Oxford,
with approximately 100
employees whose primary
focus is to conduct R&D on
electronics hardware and
devices. The lab has active
projects in display technol-
ogy, semiconductor devices,
lighting, health, and energy
systems. SLE-developed
technology has gone into
Sharp’s mobile phones,
smart cards, personal com-
puters, laptops, and auto-
motive displays. (A selec-
tion of some of the lab’s
work can be seen at Sharp’s
Humans Invent website, at
www.humansinvent.com.)
“A common feature of
much of our work is its
multidisciplinary nature,
as reflected by the broad
range of scientific special-
ties across our research
staff, including materi-
als scientists, chemists,
physicists, optical design-
ers, electronic engineers,
and software develop-
ers,” says Chris Brown,
research manager for
SLE’s Optical Imaging and
Display Systems Group.
Brown says the multi-
disciplinary trend goes
hand in hand with changes
in the type of R&D done
in the lab. “Ten years
ago, for example, our
main research themes
were based on improv-
ing component technol-
ogies, in particular, dis-

“ By allowing
co-simulation
o[, electrical and
thermal aspects, we
can achieve a much
more accurate match
between simulation
and experimental
data, and as a result,
we are able to opti-
mize LED designs
for improved perfor-
mance and reduced
time to
market.”
—CHRIS
BROWN,
RESEARCH
MANAGER,
SHARP
LABORA-
TORIES OF EUROPE’S

OPTICAL IMAGING AND
DISPLAY SYSTEMS GROUP

plays and optoelectronic
devices such as semicon-
ductor lasers. Activities
tended to be driven by
depth of knowledge in just
one technical specialty,
such as optics or elec-
tronic circuit design. More
recently, though, there
has been a shift in focus
to systems or products as
a whole, such as health
systems and energy sys-
tems. By their nature, these
activities are broader, and
the research is driven by
understanding how all the
parts fit together,” he says.
Brown says SLE uses
COMSOL Multiphysics®
in a number of projects
across the lab, for pur-
poses ranging from early-
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stage research to prod-

uct development. The

main areas and some typi-
cal projects include LED
devices, displays, labs-on-
a-chip, and energy systems.

» LED LIGHTING
SHARP IS A major supplier
of LED devices for light-
ing products (see Figure 1),
and SLE supports Sharp’s
LED business by provid-
ing technical analysis
and design modifications
to improve the perfor-
mance of its LED devices.
One example is optimi-
zation of LED electrode
designs for improved wall-
plug efficiency. A major
issue with LED devices is
that high operating tem-
peratures can cause a
reduction in the efficiency
at which they convert elec-
tricity to light. The rela-
tionship between optical
efficiency and tempera-
ture in an LED is not lin-
ear, however, meaning
that any hot spots in the

FIGURE 3: Simulation results of
the surface electric potential.

LED chip will dispropor-
tionately reduce the effi-
ciency of the entire device.

The key goal, therefore,
is to create a uniform tem-
perature distribution. This
is done by designing the
LED?’s electrodes so that no
hot spots occur. The result-
ing uniform temperature
distribution will also tend
to maximize heat dissipa-
tion from the LED chip
and will result in a lower
average temperature.

The structure of a typi-

cal LED chip is shown in
Figure 2, with a COMSOL
Multiphysics simulation of
the LED shown in Figure
3. Multiphysics simula-
tion of the LED’s electrical
and thermal performance
allows the electrode design
to be optimized. The lab
originally used special-
ized LED design and sim-
ulation software for this
project, but it was lim-
ited in functionality and
didn’t offer multiphys-

ics analysis capability.

“Now we also use

LiveLink™ for SolidWorks®
in COMSOL Multiphysics
to simplify the process

of design translation and
minimize the risk of trans-
lation errors,” Brown says.
“The gradually increas-

ing complexity of our sim-
ulations means we must
take into account mul-
tiple physics-based pro-
cesses. By allowing mul-
tiphysics simulation of
electrical and thermal
aspects, we can achieve a
much more accurate match
between simulation and

experimental data, and

as a result, we are able to
optimize LED designs for
improved performance and
reduced time to market.”

» DISPLAY
TECHNOLOGY
SLE ALSO PROVIDES techni-
cal support to Sharp’s dis-
plays business. The broad
goals are to improve the
image quality and reduce
the power consumption
of LCD displays used in
Sharp products ranging
from smartphones to tele-
visions. A detailed under-
standing of the electrical
and optical performance of
the LCD displays—particu-
larly the electrical charac-
teristics of the LCD pixels
(see Figure 4)—is critical
to achieving these goals.
Within its overall design
and simulation environ-
ment for electronic circuit
design, SLE uses the
AC/DC Module to extract
the parasitic resistances
and capacitances of the
electrical wiring inside the
LCD. Here, the key feature
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‘ We use
COMSOL

because this is

inherently a

multl['physics
problem, given the
need to link the gas
and liquid flows in
the system to ther-
mal transfer in the

solid components.”
—CHRIS BROWN

is the meshing capability
of COMSOL Multiphysics.
“We previously tried
to use parasitic extrac-
tion tools from several tra-
ditional ECAD software
packages but none was able
to successfully cope with
the large aspect ratio of the
thin-film, large-area struc-
tures used in LCDs,” says
Brown. “The versatility
and degree of control over
the meshing procedure in
COMSOL have allowed
us to successfully analyze
these structures for the first
time.” (See Figures 5 and 6.)
Brown also says the
software’s ECAD Import
Module lets researchers
transfer layout designs from
ECAD software quickly
and without error, enabling
them to explore the effects
of design modifications to
a degree not possible oth-
erwise. That’s because the
only alternative is to hand-
calculate the capacitances
between wires using sim-
ple linear design equations.
The shape of the wir-

ing in the LCD makes this
quite complicated, however.
In the past, SLE’s research-
ers have had to make a
number of simplifications
when using this method.
“Hand calculations of
capacitance are correct

to a first order but aren’t
really of any use when try-
ing to optimize or improve
designs,” Brown says.

» MICROFLUIDIC

LAB ON A CHIP
BESIDES PROVIDING tech-
nical support for exist-
ing products, SLE is also
engaged in creating busi-
ness opportunities for
Sharp in new markets.

In the health care arena,
SLE is leading the devel-
opment of so-called lab-
on-a-chip systems. These
leverage Sharp’s manufac-
turing expertise with the
thin-film transistors tra-
ditionally used in the LCD
industry. The goal is to
develop palm-size diag-
nostic tools for doctors,
nurses, and other health
care professionals that
will let blood be tested in
a matter of minutes, com-
pared with the hours or
days it can take today.

The enabling technology
is known as digital micro-
fluidics and involves the
precise control and manip-
ulation of fluids on the
submillimeter scale using
microelectronic circuits.
Figure 7 shows the struc-
ture of a microfluidic array.

Droplets of fluid, such
as biological fluids or
other test reagents, can be

FIGURE 5: Imported
LCD pixel geometry.

FIGURE 6:
COMSOL
Multiphysics
mesh of thin-
film, high-aspect-

ratio structures.

Researcher Matthew Biginton using COMSOL Multiphysics to

simulate LCD pixel capacitances.
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FIGURE 7: Structure of a microfluidic array.

moved around the array
by applying voltages to
the upper and lower elec-
trodes. Sensors in the elec-
tronic layers detect the
presence of the droplets,
providing accurate closed-
loop control (see Figure 8).

Brown says SLE has used
COMSOL Multiphysics as
aresearch tool to inves-
tigate the interactions
between the fluid layer
and the electronics. “For
example, we have mod-
eled fluid flow at the input
ports of the array, enabling
us to design fluid-input
structures to get the drop-
lets onto the array in the
right place with minimum
fluid-input volumes,” he
says. “This modeling abil-
ity gives us a more accurate
starting point for experi-
mental work, hence reduc-
ing the number of design
iterations required, which
in turn helps us to reduce
R&D prototyping time and
cost compared with sim-
ple hand calculations.”

The laboratory achieves
a similar benefit when
modeling the interactions
between the droplets or

particles in the fluid and
the electronic sensors in
the array. “In this case, we
were interested in investi-
gating impedance changes
as droplets or particles in
the fluid pass between a
pair of electrodes,” Brown
says. “The simulation out-
put is a range of likely
impedance values, and
this can be used as the
basis of a specification for
designing sensor circuits
to detect the presence of
the droplets or particles.”

» ENERGY SYSTEMS
SLE IS ALSO engaged in
the development of new
energy storage systems
and sustainable heating
and cooling. An impor-
tant R&D target is to opti-
mize the performance
of heat exchange compo-
nents so as to achieve high
heat-transfer efficiency
and minimize system size
and weight. This work has
involved both the opti-
mization of existing heat
exchange components and
the design of new ones.
“We have simulated the
fluid dynamics of cool-

FIGURE 8: Manipulation of
droplets on microfluidic array.
Left-hand column shows pho-
tographs of a droplet being
split into two parts; right-
hand column shows the cor-
responding output signals
from sensors in the array.

ing fluids in air-condition-
ing systems and achieved
an efficiency improvement
of 30 percent with a new
system,” Brown says. “We
use COMSOL because
this is inherently a mul-
tiphysics problem, given
the need to link the gas
and liquid flows in the sys-
tem to thermal transfer

in the solid components.”

» FLEXIBLE, COST-
EFFECTIVE USE
OF SOFTWARE
SLE APPLIES THE same I‘ig-
orous approach to the pur-
chase, configuration, and
use of its tools as it does
to its R&D explorations.
Given the diverse range
of projects for which
COMSOL Multiphysics is
used, each research group
has its own license and
associated specific modules.
A member of the research
staff in each group is

-
i

From left: Sarah Mitchell,

Senior Researcher, LED; Adrian

Jacobs, Research Supervisor,

Microfluidics; Pamela Dothie,
Senior Researcher, Microfluidics.

tasked with becoming an
expert user and is respon-
sible for the installation
and maintenance of that
group’s license. SLE’s use
of COMSOL has grown
over the last five years, hav-
ing started out in the LED
area and expanded to the
other research themes by
way of internal recom-
mendations, Brown says.
Ten research staff mem-
bers across the lab are
now trained in its use.
“The way our proj-
ects and teams are struc-
tured means that we need
the flexibility for several
researchers across the lab
to be using the software
simultaneously, if need be.
As each team has started
to use it, we have found
the easiest and least costly
course to be to simply ded-
icate a high-end PC work-
station in each group to
COMSOL,” says Brown.
“The multidisciplinary
nature of our research
activities at SLE will con-
tinue in the future, and as
such we expect COMSOL
Multiphysics to continue
to play an important role,
both as a research tool
and as a product develop-
ment tool,” Brown adds. ©
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