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Empowered outpa-
tients are the future of

medicine

Medical electronics have grown and matured over the past few decades, bringing intelligent
diagnostic and treatment systems into every facet of medical care, transforming hospitals
into meccas of high technology. From the electronic thermometer put into your mouth (or
elsewhere) to the robotic scalpel performing surgery, medical technology extends its reach
from the simplest procedure to the most complex operations.

The latest trend in medicine has been developing for several years now, but has accelerated
development as portable and implantable technologies have increased in functionality while
shrinking in size and cost. For example, portable blood diagnosis has been routine for diabet-
ics for some time now, and the capability is extending to create devices that will function
much like an artificial pancreas.

The biggest beneficiary of this trend is outpatient care, where technology not only enables
patients to aid in the management of their own treatment with a telemetry connection to their
care provider. This will be most impactful in the area of assisted living, as a huge number of
retirees will require medical monitoring and/or treatment as well as mobility and/or pros-
thetic mobility support.

The geriatric marketplace will become a significant one. In 2009 a little less than half of all ge-
riatric caregivers modified the place the recipient lives, but this number will increase as baby-
boomer retirees who want to extend their living functionality well into their old age make their
houses to be more “smart”, integrating medical, security, and convenience functionality into
advanced living systems. Considering that the current average hourly rate for home health
aid was $19 in 2006, a cost-effectiveness benchmark can be determined for the value of a
remote medical system based on how many care-hours it can eliminate from the patient’s
treatment schedule.

In the case of implantable systems, the market is just as promising. According to industry
sources, the global market for Cardiac Rhythm Management (CRM) devices alone is forecast
to reach $15.1 billion by 2017, the wearable technology market will exceed $6 billion by 2016,
and implantable electrostimulation devices will drive a $16 billion market in the next few
years. This number will only grow as

The biggest challenges we face in the medical field involve basic compliance issues, the medi-
cal regulations & standards we all must face. In addition to that, designers must also address
inter-device protocols, user language & social acceptance issues, as well as market issues of
technology acceptance, integration into existing infrastructures, and cross-platform issues
between devices. Properly done, however, developing products for the medical marketplace
can be a lucrative venture that also serves the public.

Best Regards,
Alix Paultre

Editorial Director, Power Systems Design
alixp@ powersystemsdesign.com
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PB63 Power Booster: Hit Speeds of 700 V/ps
With Multi-Channel Drivers

DUAL-AMPLIFIER TEAMS UP WITH SMALL SIGNAL OP AMP$
T0 DELIVER VOLTAGE AND CURRENT GAINS.

Apex Microtechnology is driving high voltage instrumentation with its
next generation power booster. The PB63 is a high density, dual chan-
nel booster designed for evolving technologies such as high-speed in-
dustrial printers and pattern generators in flat panel display inspection
(AUQ) systems. The PB63 uses an exceptional 700 V/us slew rate to
deliver voltage and current gains when used in a composite ampli-
fier configuration with a small signal op amp driver. Accuracy, offset,
input noise and settling time are also optimized. The 1 MHz power
bandwidth of the PB63 benefits these additional applications:

e Deflection circuitry in semiconductor wafer and mask
inspection and lithography systems

e Programmable power supplies for semiconductor
automated test equipment (ATE)

e Print head electronic drivers for industrial ink jet printers

apexanalog.com/psdepb63

© 2013 Apex Microtechnology, Inc. All rights reserved. Product information is subject to change without notice.
The Apex Microtechnology logo is a trademark of Apex Microtechnology, Inc. PSDE102013

Power up at www.apexanalog.com/psdeph63
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Supply your
equipment from

Medical supply has ultra-low ca- one expert source

pacitance CF-rated output & inde-
pendently controlled BF-rated out-

out

EAR Power Supplies
has introduced a dual-

output AC-DC converter
for surgical instruments

and other medical applications.
The CF (Cardiac Floating)-

rated output features an ultra-
low capacitance of less than 15
pF. The CF-rated output can be
switched off when not needed,
while the BF (Body Floating)-
rated output remains active to
supply electronics used in the
vicinity of a patient.

This 75-Watt medical power
supply has universal input.
Standard output is +24 V (CF)
and +12 V (BF); other voltages
are available on request. The
power supply has very low EMI
and is certified to EN 60601-1-
2 (revision 2 and revision 3). It
measures 8 x 2.5 x 1.25 inches.
Designed and manufactured

in the USA, the supplies can

be customized to meet OEM
requirements for power, voltage,
form factor, number of outputs
and other specifications. Pricing
starts at $80 in OEM volumes.
BEAR excels at innovative, high-
reliability custom power supplies
for medical instruments. The
company designs and produce

medical power
supplies used

in diagnostic
instruments
and patient care
devices, from
primary care
physician offices
to operating
rooms.

Their innovative
isolation
techniques yield
leakage current
of less than spA,
exceeding the
requirements for
Type CF-rated
medical devices. The company
excels at customization, even

for low volumes: non-standard
output voltages, unusual form
factors to fit precise size and
configuration constraints, and
compact sizes for portable
medical devices. BEAR has the
manufacturing flexibility and
capacity to support both low- and
high-volume production.

BEAR is able to comply with
medical device manufacturers'
Quiality Processes, supporting
requirements such as Failure
Mode Effects Analysis
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(FMEA) and lot traceability of
components. The company has
successfully passed quality audits
by several of the world's largest
medical device manufacturers. All

BEAR power supplies are tested
to medical equipment safety and
EMC standards including UL,
IEC, CAN/CSA and EN.

Power electronics
assembly

Take benefit from our bundling
offer featuring: laminated bus bar,
square-body semiconductor fuses
and cooling

merseN
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igital power is argu-

ably one of the most

important technology

evolutions to emerge
in recent years. It enables systems
to be precisely optimized, taking
into account many factors.

It has been widely adopted for
telecom and networking systems,
which draw lots of power. But,
about 18 months ago, the technol-
ogy was in danger of becoming
niche, and seen as something that
was too difficult to implement. The
market responded, and products
such as CUI’'s NSM2P allowed
system designers to implement
digital power without the digital
bus.

The next block in its uptake from a
myth. That myth is: “digital power
is expensive”. However, when the
overall design costs are taken into
consideration, adopting digital
power cuts the design costs sig-
nificantly. Let's look at some of the
hidden design costs.

Module costs:

A digital point of load module
may have a listed dollar value that
compares with a similar analog

module, and at first glance choos-
ing analog and undertaking proce-
dures such as manual loop com-
pensation will appear to save you
money. But as with many things in
life, this isn’t the entire story and
several aspects must also be taken
into consideration.

The key ones, in no particular

order, are:

1. Digital power reduces board
spins — Each board spin can
cost in the order of $40,000
(and over), and adds several
months to a project. Digital
power allows changes to be
made in the software, rather
than via board-level compo-
nent changes.

2. Digital power cuts time to
market — Delays cost money
and digital power not only
leads to a reduction in board
spins, it also eliminates the
need to undertake manual
loop compensation; on-the-
fly modification to system
parameters can be undertaken
via a GUI, cutting months off
a system’s development.

3. Analog POLs require up to
10X the external capacitance,
requiring additional external
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Myth busters: which is
cheaper to implement,
digital or analog power?

components that add to both
the total solution cost and the
overall board space.

4. Digital power enables design
reuse — Implementing analog
comes with a second, hidden
limitation... the fixed circuit
based on the previous board
specifications (usually) cannot
be implemented ‘as is’ for new
designs.

While the core components may
be reused, the analog solution it-
self must be modified, as the new
design will have different timing
needs, sequencing... and faults.
All will require a new layout that
incorporates these modifications.
Conversely, the dynamic nature
of digital designs can be easily
‘cut and pasted’ from one board
to the next. Changes will still be
needed, but these can be quickly
implemented through the GUI.

The myth that ‘digital is expen-
sive’ is just that, a myth. The sys-
tem’s complete design costs need
to be taken into account before
deciding on an analog or digital
system.

Choose ROHM SiC Products for
Your Power Component Needs

Class-leading SiC power components are available in a range of output currents.
From SiC ingots to finished components, we offer a one-stop production and development system
that guarantees a stable supply of high-quality SiC power products.
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MARKETwatch

he overall global power

supply market declined

in 2012 owing to a

combination of low
investment and weak end-equip-
ment demand. As a result, few
sectors in the market grew. The
market for power supplies used
in medical applications, however,
remained resilient and grew by
an estimated four per cent.

Growth in this market is forecast
to continue in 2013 at 3.7% and
is projected to remain strong an-
nually for the next five years. This
is predicted to generate an addi-
tional $100 million from 2012 to
2017.

The market for power supplies in
medical applications often seems
complicated for power supply
manufacturers. It is driven di-
rectly by the medical equipment
markets which themselves are
affected by factors such as the
demographic and social trends,
reimbursement legislation and
trends in healthcare provision.
There is a broad range of prod-
ucts with widely differing power
demands from low-powered
consumer devices up to state-of-
the-art MRI scanners. In addi-
tion, there are several additional

standards that are demanded
for power supplies being used in
medical applications.

The market can be split into
three main segments; consumer
health, medical imaging and
clinical care. The market has
historically been dominated by
the clinical care market (e.g. an-
aesthesia devices, patient moni-
tors, neonatal incubators) and
the medical imaging market (e.g.
MRI, X-Ray, and ultrasound).
These devices, especially those in
the imaging markets often have
complex power requirements and
there are many more standards a
power supply has to be certified
to.

The market for power supplies in
consumer medical applications
is projected to be the fastest
growing segment and represents
a new opportunity in the market.
In recent years, governments
have come under pressure to
find ways to improve the health
of the population whilst reduc-
ing the burden on government
finances. This is leading to a
move towards healthcare being
managed outside of the tradi-
tional hospital environment with
a growing trend for patients to
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Medical Power Supply
Market Projected to Grow

be monitored in their home using
telehealth technologies once their
treatment is complete. These
telehealth monitors are one of the
key emerging applications in the
consumer medical market and are
opening up a new opportunity for
power supply manufacturers as
they favour a low-power, AC-DC
adapter solution.

For the next few years, Asia and
America will drive the majority
of growth in in this market. In
particular, the BRIC countries of
Brazil, Russia, India and China.
Demand in the EMEA region con-
tinues to remain depressed due
to the poor economic environ-
ment. However, recovery in the
EMEA region is forecast to drive
increased spending on medical
equipment from 2015, raising
demand for the accompanying
power supplies.

With growth set to remain stable
for the foreseeable future, the
medical market provides a strong
opportunity to manufacturers
looking to diversify their product
ranges as demand for power sup-
plies in other sectors remains
low.
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DESIGNtips

Il power electronics
circuits with devices
which rapidly turn
on and turn off
will exhibit voltage ringing
when currents are interrupted
or initiated. For transformer-
isolated designs, the leakage
inductance of the transformer
usually dominates the ringing
inductance, and the first step in
snubber design is to measure
this inductance value. This
process is described in detail in
references [1] and [2].

For a buck converter, there is

no transformer, and no clearly
defined value of inductance

with which to begin snubber
circuit design. Figure 1 shows
the schematic of the input side
of a buck converter with the FET,
diode, and bypass capacitor
forming the high-frequency
current loop. The PCB layout

of this part of the circuit is also
shown in Figure 1. As discussed
in [3], the PCB layout should keep
any high frequency current loops
as small as possible in order to
minimize the stray inductance.

Even when this has been done,
at higher power levels and
with large discrete devices, it

t

is inevitable that some stray
inductance will remain in the
circuit. Ringing will be a problem
that has to be properly controlled
in order to avoid excessive noise
and stress.

Rings With Diode Output
Capacitance When It Turns Off
Figure 2 shows the inductance
elements on the schematic.
(Of course, on your production
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Designing snubbers for
nonisolated converters

schematic, these elements don't
actually appear, but they will still
cause trouble.) The inductance
in the system is formed by the
board traces, component leads,
and internal component wiring of
the die-attachments. The output
capacitance of the diode will ring
with the inductance of the circuit.
Unfortunately, neither the L

or the C that form the ringing

are simple to define. The diode
capacitance is a nonlinear

value, which changes with
applied voltage. We also have to
account for package capacitance
to heatsinks in some cases.
Measuring the L and C directly

is difficult due to the small and

5 V/div

47 MHz 20 ns/div

1

Fuwes = o

L =?

s

C, =?

o

variable values.

Ringing Waveforms

While the loop shown in
Figure 1 on the PCB is small,
it creates enough inductance
to produce considerable
ringing as shown in the
oscilloscope waveforms of
Figure 3. The top waveform
of Figure 3 shows both the
turn-on and turn-off ringing.
The ringing on the leading
edge occurs when the switch
turns on, and the diode
turns off. The expanded
waveform of Figure 3 shows
that this ringing frequency is
approximately 47 MHz.

In order to damp the ringing
frequency effectively without
iteration, it is important to
know one of the resonant
values, either the L or the C.
Without a transformer, L is

a difficult measurement, so
we will focus on finding the
equivalent capacitance.

Determining Capacitance
Value

You can look at datasheets
to get an estimate of the
capacitor value, and you
will see the varying values
with voltage. There are also
variations in fabrication that lead
to typical and maximum values,
but no minimum value.

| always like to do an
experimental verification of the
diode capacitance. The procedure
for this is as follows:

/1
470 pF

1
f;lew_\/zﬁzld
C =470 pF
L =24nH

/IA|
"
5

5 V/div

50 ns/div

P, = % CJVif. =0.047w

1.  Measure the ringing
frequency.

2. Add a known capacitance
across the diode

3. Measure the new ringing
frequency.

4. Repeat until the new
frequency = 0.707 times

Setting the benchmark
for accuracy!

ITxx Current
Transducers Series

Advanced technology for extraordinary
performance in accuracy, drifts and
response time for unique high-tech
industrial applications.

High precision current measurement:
few ppm at +25°C

Extremely low thermal offset drift from
0,1 to 6,7 ppm/k

Several current ranges from 12,5

t0 24000 Agys

Really low output noise

Printed Circuit Board mounting

from 12,5 to 60A

Panel and rack mounting from 60

to 24000A

Closed loop Fluxgate technology

No insertion losses, galvanic isolation
Any kind of current measurement,
DC, AC, mixed...

Various features provided:
Synchronization output, LED and
outputs dedicated for normal
operation and overload conditions...

www.lem.com

At the heart of power electronics
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—
P

1 us/div

old frequency. The added
capacitor is then equal to the
intrinsic capacitance.

It is very important when you

do this that the added capacitor
does not have long leads
attached. These will substantially
change the inductance of the
circuit, and that will also lower
the ringing frequency.

Figure 4 shows the ringing
frequency of the turn-off of the
diode with a 470 pF ceramic
capacitor added in parallel with
the diode. The ringing frequency
is reduced to about 33 MHz.
This corresponds to the required
reduction of the frequency,
indicating that 470 pF is the
equivalent average value of the
diode capacitance.

With this value of capacitance,
and a 47 MHz ringing, the stray
inductance of the circuit is
calculated to be about 24 nH.

Snubber Resistor Value
The snubber design is
completed by selecting
the resistor needed, and
calculating its power

| x_/(_%]“ dissipation. | always start the

design of the snubber with
the resistance equal to the
impedance of the capacitor
at the ringing frequency, in
this case about 7 ohms (see
Figure 5). The dissipation in
the resistor is approximately
equal to the energy stored in
the capacitor multiplied by
the switching frequency, or
about 0.05 W in this case.

The entire design process

is repeated for the second
switching incident when the FET
is turned off. A different resonant
frequency will be observed

since the FET capacitance

will be different to the diode
capacitance. Figure 6 shows the
resulting waveform with both
the FET and diode snubbers

in place in the circuit. Leading
and trailing edge spikes can

be observed, but the sustained
ringing is suppressed quickly.
For nonisolated converters,

the dissipation energy in the
snubbers will be quite small,

but this does not mean that
they should be omitted from the
design.

Summary

Snubbers are crucial to include
even in non-isolated converters.
With very tight layout, the
inductance can be minimized
and this will reduce the peak
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overshoot on the ringing voltage.
This article has described how to
design snubbers from empirical
measurements when the ringing
inductor value is unknown. A
series of short experiments
allows the design of the snubber
in a single attempt, and the
dissipation in the snubber is
kept to a minimum.
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Desighing to meet 3rd edition
medical safety standards

One significant change in the 3rd edition standard is the additional

MOOP protection

By: Tim Taylor, XP Power

irst published in 1977,

the internationally

accepted IEC 60601-

1 standard has been
continuously developed to
help alleviate safety issues
relating to all types of medical
equipment. The 3rd edition of
this medical safety standard
was first published by the IEC
in 2005 (IEC60601-1:2005) and
was adopted by the European
Union in 2006 and published
as EN60601-1:2006. The USA
version was also published in
2006, but unlike 2nd edition,
not by UL. It is published by the
American Association for Medical
Instrumentation (AAMI) and
appears as ANSI/AAMI ES60601-
1:2006. Canada published the
standard in 2008 as CAN/
CSA60601:2008.

As many OEMs look to design
medical devices to meet 3rd
edition, many key factors need

to be considered. A critical safety
part of any electrical design is the
AC/DC power supply. The AC/DC
supply provides the necessary
safety protection for the entire
system to which it is connected.
Understanding the regulatory

guidelines of 3rd edition is
critical before starting the design,

One significant change in the
3rd edition standard is the
additional MOOP protection.

In 3rd edition we now find that
you can use Means of Operator
Protection (MOOP) instead of
Means of Patient Protection
(MOPP). This means that the
end device will not be in the
vicinity of the patient and that
only operators will have access
to it. The majority of new AC-DC
power supplies sold for medical
applications are now being
approved to 3rd edition with
MOOP certifications.

For example, here at XP Power
we made the decision to certify
all of our current medical power
supplies to 3rd edition (with 2

x Means Of Patient Protection
on the majority of the power
supplies) and also to the
supplies test against the older
2nd edition. The rationale here
is that following 2 x MOPP in
3rd edition is equivalent to 2nd
edition in terms of separation
distance, insulation schemes and
dielectric strength requirements.

This means that the OEM will
be able to claim the safety of the
power supply is at least as good
as the current standard (2nd
edition) and will still maintain
their end equipment 2nd edition
approval, even with a 3rd edition
(2 x MOPP) approved PSU.

(see clause 3.4 and clause 54 in
UL60601-1:2003)

While the 2nd edition simply
addressed basic safety issues
to ensure freedom from any
electrical, mechanical, radiation,
and thermal hazards, it did

not require devices to remain
functional. Being ail-safe was
adequate, and compliance

with test criteria relied upon

a pass/fail result that did not
take into account the essential
performance of the device-
under-test. Recognizing these
limitations, the 3rd edition
introduces specifications for
"essential performance" that
requires equipment to continue
functioning as its designers
intended throughout the test
process.

Within the electrical safety arena,
the standard continues to require

WWW.POWERSYSTEMSDESIGN.COM
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Signal Ports
Live
MP P o 1 LP g o | AP .
Neutral (230) D (12) : (48)
B (230) DR (230) | . DR(60) | DR (48)
1 MOPP 2MOPP :OP| : 2MOPP 2 MOPP
; i B(230) i B (230)
5 1MOPP 1 MOPP Patient
PE Isolation Isolation
Barrier 1 Barrier 2

Figure 1: IEC60601-1 3rd edition demands that two means of protection (MOPs), or isolation barriers exist where
patients may come into contact with equipment.

that medical power supply
equipment implements two
Means of Protection (MOP) such
that if a failure occurs within

one area, a second mechanism
safeguards the operator and/or
the patient against any electric
shock hazard. Figure 1 shows the
insulation diagram that applies
to the main circuit blocks in

a typical medical device, and
shows the two isolation barriers
that provide the two Means of
Protection that must be present
within a device that may come
into contact with a patient.

The standard allows for three
defensive approaches that may be
used in various combinations—
safety insulation, protective
earth, and protection impedance.
It is critical to determine several
key factors from the start of

the equipment design process,
including its insulation class
and whether it will rely upon

a protective earth connection.
These considerations extend to
the “applied part”, if present,
that is deliberately attached to
the patient. Such applied parts
are separately classified by the
level of electric shock protection
that they provide.

Significantly for power supplies,
the 3rd edition distinguishes
between protecting the
equipment's operator and the
patient within its Means of
Operator Protection (MOOP)
and Means of Patient Protection
(MOPP) categories. This
distinction can result in quite
different safety insulation and
isolation requirements for
circuits that operators and
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patients may come into contact
with. Applications requiring
operator protection only have to
meet the clearance and creepage
requirements that IEC/EN 60950
specifies for general-purpose
information and technology
equipment. By contrast, circuitry
that is classified as patient
protection must meet the far
more exacting requirements that
the 2nd edition of IEC 60601-1
introduced. As to who determines
whether it is MOOP or MOPP is
up to the manufacturer and they
will need to record this in the risk
management file.

Choosing a power supply with
only MOOP you would have

to ensure that other isolation
schemes are in place between
the output and the patient if the
equipment is to come in contact

with the patient. It complicates
the design and adds cost even
though the cost of the MOOP
power supply might be less than
an MOPP power supply. No
matter whether MOOP or MOPP
is chosen the standard still
requires that the leakage current
requirements are met. For the
power supply this means 300uA
in the US and 5oouA for the EU.
As most power engineers know if
one has to modify an ITE power
supply to achieve these lower
leakage current levels then the
emissions will be impacted and
additional filtering will most likely
be required to be added to the
equipment. From our standpoint
at XP Power, we believe that

the power supply for a medical

POWER SYSTEMS DESIGN OCTOBER 2013

device should provide the
highest degree of protection and
reduce the risk of a shock hazard.
Therefore we made the decision
to design our power supplies to
have 2 x MOPP from input the
output (mains to low voltage dc).
This gives the customer flexibility
and assurance that they have
minimized the risk of a shock
hazard.

Another significant change that
the 3rd edition introduces is
that equipment manufacturers
must now follow a formal

risk management procedure
that follows the 1ISO 14971
model, which effectively

means compliance with a
process standard as well as the

fundamental product standard.

XP Power believes that in any
medical application quality is
the most critical component. To
ensure our power supplies are
of the highest quality, we use
the industy’s most stringent
derating guidelines, complete a
full design verification test (DVT),
use of only the highest quality
components, and compile full
DFMEA reports for each medical
power supply that we design. We
also have a full offering of BF
(Body Floating) and CF (Cardiac
Floating) rated supplies

Www.xppower.com
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- DC/DC CONVERSION

How a Dynamic Bus Voltage
Architecture Cuts Energy
Consumption in ICT systems

Advanced digital power control can dynamically change the power
envelope to meet different load conditions

By: Patrick Le Févre, Ericsson Power Modules

sing Dynamic Bus

Voltage (DBV)

technology reduces

board level energy
usage at times of both high and
low data-traffic demand in ICT
systems. Energy savings from
3% to 10% are achievable. The
European Commission DG
INFSO (Directorate General —
Information Society) estimates
that communications network
energy consumption will reach
35.8TWh in 2020, up from
21.4TWh in 2070, if ‘green
network technologies’ are not
adopted.

Every one percent energy saving
will cut global ICT network energy
consumption by 358GWh in
2020. The level of CO2 emissions
per GWh will depend on the
energy source, and estimates
vary, but coal-fired power stations
may produce up to 1000 tons

of CO2 per GWh. The cost and
environmental benefits of even
modest improvements in ICT
system energy efficiency are
enormous.

Intermediate 48 V
Bus Architecture
(IBA)
The ICT industry Advanced Default12V
Bus Converter n

adopted the

Intermediate
Bus Architecture
(IBA) as a
standard in
2003 and it

now dominates

in telecoms
and other
applications
that need high
availability.
Intermediate Bus Converters
(IBCs) convert a 48 VDC
distribution-level power line to a
typically static 12 VDC. The latter
then feeds several non-isolated
DC/DC Point-of-Load (POL)
regulators, delivering 3V or below
to power ICs, as shown in in
Figure 1.

To maximize system-level power
conversion efficiency there
needs to be an optimal balance
between the intermediate bus
voltage and the load currents
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— % 50V
- % 33V

_— % 18V

[ POL Regulators

Figure 1: Intermediate Bus Architecture with 12V bus
voltage and POL regulators

delivered from the POLs under
differing conditions. Leaving
the intermediate voltage at 12V
is very inefficient low traffic
conditions that result in low load.
However, with advanced
digital power control you can
dynamically change the power
envelope to meet different
load conditions, adjusting

the previously fixed 12 VDC
intermediate bus voltage,
reducing energy consumption,
power dissipation, and cooling
requirements.
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Measured values

Figure 2: Graphing power losses resulting from setting a digitally controlled
POL to 1.0Vdc output and ramping the load from zero to 20A, while stepping

the input from 4.5 to 14Vdc

DBV in Practice

Early attempts at DBV using
analogue components proved
complex and costly to implement
It is only recently that advanced
digital converters have been
introduced that offer on-the-fly
programmability. The converter
commands range from simple
output-voltage adjustments

to complex operations such

as trimming the values of the
digital filter that characterizes
control-loop responses. The
embedded functions within the
digital controller IC simplify
the implementation of dynamic
bus control and simple PMBus
commands perform complex
measurement and control
functions.

It is important to validate the
potential energy savings by
modeling a typical system before
considering the implementation
of DBV technology. Each IBC
and POL in a system needs to be
evaluated over at least the range

of input voltages and output
currents that they will experience
in the end application. The power
losses that result at each step
are then recorded. Plotting these
parameters against one another
creates a three-dimensional
graphical overview of each
device’s performance over the
chosen measurement area, as
shown in Figure 2.

The array of data points that
build the graph come from the
test results at each

step. Evaluating the P’,’Oﬂ: }?
test results for each
IBC and POL using
the least-squares-fit
approach builds a
polynomial model
of the corresponding device,
which the Simulink environment
can import and manipulate.
Ericsson has built computer
models of systems to explore
the performance of alternative
control strategies in maximizing
the power savings delivered by

dynamic bus voltage control,
while ensuring that the system
remains unconditionally stable.

The process begins by running
an algorithm that derives a
baseline power loss value. The
first control cycle then starts,
monitoring relative power loss
until reaching a threshold value
that triggers an optimization
sequence.

Numerous iterations are derived
from the complex algorithm

but ultimately it drives the
intermediate bus voltage to a
value that minimizes power loss
for the present conditions, then
the sequence closes. The cycle
repeats, each time minimizing
power losses within constraints
that include hysteresis to ensure
stable triggering conditions for
the optimization sequence. At
the same time it ensures that the
bus voltage does not fall below
the level required to maintain
regulation for the load current
profile (see Figure 3).

+P

+ +
oad__ HS P],uad LS L ESR Bipple LS

+P

ripple HS

+P ,tP

ESR switch

Figure 3: Simple theory of the power losses in a
switch-mode power supply

A test system comprising an
Advanced Intermediate Bus
Converter supplying two 20A and
four 40A digital POLs illustrates
the efficiency improvement
potential that results from
dynamically adjusting the
intermediate bus level compared

WWW.POWERSYSTEMSDESIGN.COM
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Figure 4: Improvement in board-level energy savings by adjusting bus voltage to suit the load

with a fixed 12 VDC level.
Improvements are estimated at
between 3 and 10%, depending on
the average load per operation, as
shown in Figure 4.

Simulation to Application

As data traffic levels have a
profound effect on power
consumption, DBV levels may be
derived from traffic flow statistics.
Here, controlling the bus voltage
relies on lookup tables that reflect
operational scenarios. The bus

while they are compiling the
lookup tables. They can then run
a number of iterations that follow
this sequence:

1. Simulate the power
consumption that different
load conditions create

2. Verify the simulation with
hardware tests

3. Validate the simulation model
or adjust it to optimize the
profile

run under best- and worst-
case conditions before final
implementation.

Operational Sequence

Each application has unique
scenarios, but these are the

100

operational sequences that apply

in this case study:

« Reference Scenario

«  Compare data traffic with

scenario
« Validate scenario

CASCADING SAVING

\ aved -
1 Watt saved 1 Watt saved at board level
saves an average of 2,41 in

Board level total power consumption

-1.16 W

Board DC/DC | 0-18W
121 W
Distribution QA
-1.42 W 1 021W
DC Power System I
234 W 0.90 W
Cooling
1
24 W 0.07 W
Transformer I

Figure 5: Power Cascading Effect
«  Adjust bus voltage
. Sense and detect
abnormal events
« (I Yes) Adjust bus voltage
to priority High
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Fort Worth Convention Center
Fort Worth, TX
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« (If No) Adjust to local
traffic scenario
« Repeat the sequence

This dynamically adjusts the
intermediate bus voltage

to the optimal level, while
always delivering maximum
power as a priority, in case of
abnormal events or upon a
specific user command.

In what is known as the

‘power cascading effect’,

shown in Figure 5, every Watt
saved at the board level delivers an
average saving of 2W to 3W at the
system level. The ratio depends
upon several factors but the effect
has been confirmed in practice.

In Summary

Dynamic optimization of the
voltage delivered by a master
DC/DC converter to a series of
POL regulators has been made
possible by advanced digital power
techniques. These techniques
directly enable reduced power
consumption. However, the
ability to optimize converter
performance on-the-fly and adjust
the intermediate bus voltage to
match load conditions are just
two of the many opportunities for
energy savings made possible by
digital power technology.

www.ericsson.com
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When the sequence is qualified, « Adjust bus voltage to situation
Sense data traffic and compare
with traffic in the network’s
neighboring cells

Anticipate data traffic

migrating from cell A to cell B

voltage falls as traffic levels fall and
rises again with increases in traffic.  the profile is uploaded to the .
scenario library within a Board

Power Manager, which controls

the board’s bus voltage, among .
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Next-Generation
Instrument Designs

Testing tools must support those working outside their

“comfort zones”

By: Charles Cimino, Keithley Instruments

ince the recession of
2008-2009, many R&D
organizations, including
those within the green
power and related industries,
have had to become leaner and
more efficient, just like their
products. In addition to all the
other cutbacks they’ve made, they
are employing fewer dedicated
test engineers with in-depth T&M
training and experience, due to
the compression of new product
development schedules, the
shift toward lean methods, and
smaller design groups both in
developed and emerging regions.
Inevitably, that means there are
fewer engineers on staff who are
equipped to focus on ensuring
test accuracy and efficiency and to
support others on the team. For
those who remain, that means
new responsibilities related to
characterization and test are being
thrust upon them, tasks for which
some are finding themselves
somewhat unprepared to meet
expectations.

These employees often find
themselves forced to work far
outside their comfort zones, that
is, in areas others than those in

which they were educated and/
or acquired significant on-the-
job training. For example, as
power systems and supplies have
grown more sophisticated, the
people building and maintaining
them increasingly need to use
types of equipment that were
previously used only by digital
design engineers. Or, consider
the designers of medical devices
such as powered prostheses,
which employ electric motors and
drive controllers. Although these
designers often hold degrees in
biomedical engineering, they might
need assistance on the finer points
of characterizing these devices.
Some of today’s high precision
instrumentation users may not
have backgrounds in electrical
engineering but instead trained
in a different discipline, such as
materials science, mechanical
engineering, quality control,
electrochemistry, physics, etc.

The non-traditional test instrument
users

Here are some examples of these
types of non-traditional test
instrument users in fields related
to power systems design:

«  Materials scientists
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responsible for developing
high-power advanced
semiconductor materials and
compound semiconductor
materials for next-generation
semiconductor devices

«  Electrochemists involved in
the design of new fuel cells;
photovoltaic materials, cells
and modules; lithium-ion
batteries; and other power
generation and conversion
devices

In order to do their jobs, these
non-traditional users need

tools that can deliver accurate
measurements quickly and easily
without requiring them to navigate
their way through the complexities
common in traditional analog

and digital instrument interfaces.
To address the needs of this
growing segment of the market,
instrumentation manufacturers
are beginning to employ some
interface strategies from the
consumer electronics world,

such as smartphones and tablet
computers.

Users Who Wear Many Hats
For engineers taking on multiple
new test and measurement

POWER SYSTEMS DESIGN OCTOBER 2013

SourceMeter®
SMU is
presented as the
industry’s first
precision source
measure unit
instrument with
a high-resolution
capacitive
touchscreen. The
five-inch, full-
color, 800x480
pixel screen
allows for intuitive

Figure 1: Keithley’s Model 2450 SourceMeter SMU measuremen

has a high-resolution capacitive touchscreen

responsibilities, minimizing

the time and effort required to
get accurate, usable test and
measurement results is critical.
Time-pressured users simply
don’t have the leisure or the
inclination to refer to the manual
every time they need to change a
setup or make a measurement.
They want setting up, acquiring,
and evaluating the results from
all measurements to be virtually
instantaneous; if they have
questions, they want answers at
their fingertips, not buried in a
manual. To address the inherent
challenges of this new category
of users, instrumentation
designers are beginning to offer
touchscreen-based precision test
instruments that are intuitive

to understand and use. When
problems arise, these interfaces
offer on-line help and debug
capabilities, minimizing the need
for manuals or external guidance
(see Figure 1).

Keithley’s Model 2450

configuration,

Source Measure Views Trigger

I — o

as well as numerical and
graphical display of results.
The touchscreen also provides
context-sensitive help.

Touch, Test, Invent
Touchscreen interfaces

offer multiple advantages

for test and measurement
instrumentation. Anyone who
owns a smartphone (as do more
than half of all American adults)
or a tablet computer (roughly
one-third of all American
adults) already knows how to
control a touchscreen device.
Touchscreens quite literally put

interactive control at the user’s
fingertips. Rather than forcing
engineers who are juggling new
responsibilities to configure
measurement functions using
cumbersome, multilayer menu
structures and confusing multi-
function buttons, the newest
benchtop test and measurement
instruments with touchscreen
GUIs offer the simplicity of flatter
menu structures. Screen “clutter”
is minimized by displaying only
the options relevant to a specific
function (see Figure 2).

By replacing
complicated
multifunction

Scripts System

buttons and
MetEEE  gAmOKERAY complex menu
structures with
on-screen icons,
touchscreen
interfaces can

help engineers

Figure 2: Touchscreen interfaces can help engineers use to find and
configuration and display functions quickly

access the
measurement configuration

and display functions they need
quickly. By minimizing the need
for extraneous buttons and
options and showing only those
controls needed to perform the
function desired, touchscreens
can greatly simplify the user
experience for test instruments
just as they have done for mobile
consumer devices. In addition to
presenting simple graphical icons
for configuring measurement
settings quickly, touchscreens
offer the user the flexibility of
displaying test results numerically
and/or graphically.
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Source |, Measure V Mode

Force HI

value (see Figure
3). Built-in
QuickSet modes

Sense H

allow configuring

I
» €

o 4

Ia Sense LO

Q0

basic functions,
including

R resistance
measurements,

Foree LO

with a single touch.
SMUs can measure

SMu

Figure 3: SMUs can measure resistance using the

4-wire method

Source Measure Units in Power
Systems Design

As their name implies, source
measure units (SMUs) combine
current and voltage sourcing
and measuring functions in a
single instrument, as well as
sweep capabilities. Although
SMUs are widely recognized

for their ability to force and
measure |-V curves on linear
and non-linear electronic
devices like semiconductors, the
highly configurable resistance
measurements they offer can be
critical in power systems design
applications.

One of the most useful
capabilities of Keithley’s
Model 2450 SourceMeter SMU
Instrument for power systems
design applications is the
controlled source ohms mode.
By default, this mode provides
DMM-like operation, forcing

a constant current through

the unknown resistance and
measuring the resulting voltage
and computing the resistance

O Q

resistance using
the 4-wire method,
which eliminates
offsets due to

Local defbuffer1

+0.000150

Ne Script

ment function are accessible through the same screen

contact and lead resistances.

Figure 4 shows measurement
results when the instrument

is in 4-wire ohms mode, on
the 2Q range (auto-range

with a 4-wire short installed),
sourcing 100mA of current.
Noise filtering, relative
measurements, NPLC (number
of power line cycles, which
allows adjusting the tradeoff
between speed and accuracy)
and measurement resolution
functions can be accessed via
the on-screen controls. To
minimize complexity, controls
for functions that aren’t relevant
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to a specific mode of operation
don’t appear on the bottom
“swipable” control panel.

Sub-milliohm resistance
measurements are often required
in applications such as RDS(ON)
measurements for power MOS
semiconductors, precision
current shunt measurements

for current sensing circuits,
switch and relay resistance
measurements, etc. SMU
instruments with very low source
noise and
extended low
voltage measure
range provide
the low ohms
performance
power switching
and monitoring
applications
demand.

An offset

Figure 4: All the controls needed to configure a measure- compensation

mode, which
cycles the current source

on and off and captures the
difference in voltage across

the unknown resistance with
and without the current on,

is useful for cancelling any
thermoelectric EMFs that might
create apparent resistance errors
at low levels. A manual ohms
mode provides direct control
over the instrument’s source
and measure subsystems for
applications that require setting
the source current to a specific
value.

www.keithley.com
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Advanced LED Drivers for
Automotive Instrument Clusters

Increasing complexity in automotive instrument clusters raise the
pressure on LED technology

By: Raimund Wagner, ROHM Semiconductor Europe

he usage of LEDs in
automotive applications
continues to grow
due to their longer
service life and lower power
consumption. Simultaneously,
the diversity and size of
integrated state-of-the-art
instrument cluster displays
and in parallel the increasing
complexity of automotive
instrument clusters increase the
demand in the LED technology.
No longer, it is sufficient to only
“drive” the LED with discrete
components.

What is really needed is a precise
and constant light output for the
different LEDs while dimming
and varying brightness of the
LEDs are in place as well, for
example, to respond to different
ambient light conditions.
Demanding automotive
environment also require several
protection circuits and diagnostic
functions in order to prevent a
complete failure due to a single
component in the fault state.
Moreover, the fact that more

and more performance has to be
accommodated in a small space
puts high demand onto the

electronic circuits.

Tvee

And ultimately,
, CLK
a technological

solution should LATCH ._|D_] f
Consta?t r DO
SERIN¢—{>— Shift Register |—— reguiator

also satisfy
the different

N
Control Logic | 1~ SEROUT

=

requirements of
the automotive
manufacturers, for
example, in terms
of color scheme,
and provide

1

yoie
uofneiqieg

[

Constant L r D1
current
regulator

yole
onsoubeiq

the appropriate Constant D
pprop curlie?t %
HH regulator
versatility and - gzl
. . on
design options. - 8%
Constargt I rD11
H curren
Following below, et
the article will PWM_B/ T
. , OEN_B
describe ROHM's REF
technological
[anD

approach of a
12-channel LED
driver solution which provides

an ideal answer to these new
requirements and which is
ideally suitable for applications
including a large number of LEDs
such as automotive backlight
applications.

LED driver can be developed

in a way that they provide a
combination of serial and
parallel LED control in order to

Figure 1: BD18377 block diagram

address displays in instrument
clusters, specific panels as well
as panel elements in the center
console such as air conditioning
and radio. Components with
this feature offer developers the
flexibility to drive LEDs in various
applications with a single driver
and therefore save development
and qualification time. Such
highly integrated LED drivers
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have many advantages over
simple current limiting circuits,
as they reduce the need for
external components and take up
less space on the PCB.

ROHM has developed an LED
driver which includes twelve
constant current drivers in a
single chip to control a large
number of LEDs, a 6-bit per
channel power calibration,

and a global PWM brightness
control as well as diagnostic
functionality. Combined with the
ultra flat RGB LEDs of the SRGB
series the AEC-Q100 qualified
device in a compact HTSSOP20
packaging offers a complete
solution for automotive clusters
(see Figure 1).

The first requirement for the LED
power management is to provide
constant current with high
accuracy at the outputs to avoid
fluctuating supply voltage and
different LED VF values as well
as different influences on the
LED current and thus unwanted
brightness variations.

ROHM addressed this via a
three-channel serial input (Serial-
in, clock, latch-in) that controls
a total of twelve driver channels
to drive multiple LEDs with an
output current of 15 to 50 mA
per channel. The regulation of
the maximum current is done via
an external resistor. If additional
power is needed, multiple
channels can be activated in
parallel. Via the serial interface
register settings can be read too
in order to verify the settings

at any time. This
way, the driver can
also address the
built-in diagnostics
functions. It

also enables the
detection of open or
shorted connections
(faulty LEDs) and

to take appropriate
countermeasures in
order to prevent the
failure of the entire
system.

Similarly, a too
high temperature
on the chip can be
detected as well.

If the temperature
rises above 125°C,
a warning indicator
is set within this
solution while the
chip remains fully functional.
However, measures can be taken
(for example the reduction of the
brightness of the global PWM
dimming) to prevent that the
temperature is further rising. In
such a case, multiple LED drivers
can communicate with each
other by means of a proprietary
communication line to reduce
the performance. In case that
the temperature still rises, a
power-on reset is conducted
when it exceeds 150°C in order to
protect the chip from irreparable
destruction.

The BD18377 device also sets
new standards when it comes to
output current accuracy. At 30
mA, an accuracy is achieved of
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Figure 2: Example application with four red, blue
and green LEDs

+/-2.5% from channel to channel
(of one device) as well as of
+/-1,7% between two different
devices. The brightness of each
LED can be individually adjusted
via current control, calibrating
from 1,6% up to 100% (6 Bit).
Additionally, a global calibration
of 0.1% to 100% is possible via
PWM. Thus, LEDs with different
brightness from different
binnings can be deployed
without having these adjusted
to different resistor values. Only
the register settings must be
adjusted to the deployed LEDs.
This way, subjective differences
between LEDs featuring different
colors can be regulated as well
(see Figure 2).

Advanced dimming
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High reliability

6bit amplitude +Rexr PWM

L J

lr —

T=1/fpwm

in automotive
applications is
indicated by the need
for protection circuits
against over voltage,
under voltage,
polarity, overcurrent,
short circuit and
heat. Particularly
overheating -

— D0

- s == = D1

Figure 3: Calibration and dimming of the output current

The latest panel specifications
define a brightness range

that starts at very low light
intensities, and can be widely
scaled. Moreover, in order to
implement different RGB color
combinations, each LED must
receive a dedicated dimming
signal which can be set
separately.

Figure 3 shows the calibration
and dimming of the output
current and the ratio of these two
settings. The maximum current
IDmax is adjusted via an external
resistor Rext. The adjustment of
the calibration bit changes the
current value of the associated
channel while the duty cycle in all
active channels is simultaneously
regulated through the PWM
input. The PWM input is
completely independent of the
clock signal.

The use of a "PWM Control CR
timer" block in addition to the
switching regulator enables the
adjustment of the modulation

frequency and the duty ratio for a
given product at a fixed resistor
capacitor combination. The time
required for the design is in this
case reduced by the ability to use
a single product platform. This
way, less expensive (and overall
less) devices can be used for the
design.

In the given example, Do and D1
are calibrated at a value below the
maximum current, and D1 has
set a lower current than Do. As
indicated, the brightness of both
channels can be simultaneously
influenced by the PWM signal.
Due to the fact that the defined
current value and the duty cycle
are independent of each other,

it is ensured that the calibration
of each of the channels does not
affect the dimming curve and
that no clang delay occurs. The
propagation delay during the rise
and fall has the same sizes and
guarantees the linearity between
input and output.

Diagnostics and reliability

time  especially in case

of excessive system

voltage - is a

challenge in LED
solutions due to the dependence
of the current from the supply
voltage. The voltage in cars
ranges from a normal operating
voltage of gV to 16V (normal is
14V) to load the 12.6 battery. In
addition, one has to consider
extreme conditions such as
inverse polarity protection up to
12V, jump start aid conditions
with continuous double battery
voltage (+24V) to failures such
as load dump / over voltage
which occurs when the battery is
disconnected from the generator
while the engine is running, as
well as other power transitions.
An undamped load drop may take
several hundred milliseconds and
easily exceed 8oV but nowadays,
many manufacturers have
centralized limiting circuits for a
load drop and therefore demand
that components resist transient
voltages of a range between 60
or 40V.

In order to meet the
specifications of car
manufacturers in terms of
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warranty requirements which
may last more than 10 years, the
BD18377 offers several features
for system protection. Hence,
shorted and open circuits are
detected which could lead to
high currents and voltages at
the LED output. The extensive
diagnostic functions can identify
errors and can be read by the
microcontroller. This allows
corrective actions to be taken

to prevent the destruction of
individual components. Doing
so, the reliability of the cluster
can be increased significantly,
and an expensive replacement
of a complete system can

be avoided in terms of cost
minimization.

Summary

The presented LED driver - in
combination with the SRGB RGB
LED series - provides developers
a complete solution for the
energy-efficient and reliable
lighting of vehicle clusters in a
small, compact packaging and is
also compatible with other device
series. With its built-in protection
functions it meets the demanding
industry standards and stringent
purchasing specifications of the
automotive industry. The multi-
channel configuration also allows

North America : Europe : China

POWER SYSTEMS DESIGN

the usage for various functions.
The built-in communication
features enable the individual
adjustment of LED currents and
voltages as well as protection
functions which are different
from one application to another.
This facilitates the design of a
consistent platform solution.
ROHM will continue the
development of multi-channel
LED drivers featuring integrated
communication capabilities to
further drive these integration
possibilities.

www.rohmeurope.com
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Considering COTS connector
solutions for solid-state lighting

design:

Connector selection, a significant design challenge, is often and
mistakenly taken for granted

By: Tom Anderson, Connector Product Manager, AVX

ow that the color,

quality, and cost

issues often associ-

ated with early solid-
state lighting technologies have
been addressed and overcome by
so many leading manufacturers,
consumers are adopting it at an
ever-increasing rate. As a result,
the market for SSL luminaries has
expanded dramatically in recent
years. Designing SSL luminar-
ies poses several challenges for
engineers and, throughout the
industry, a great deal of effort has
been put into solving challenges
such as: selecting the right LED,
integrating the best optical solu-
tion, choosing the best driver, and
maximizing thermal management.
However, connector selection, an-
other significant design challenge,
is often and mistakenly taken for
granted.

Considerations for Connector
Selection

Cost and size have been the
driving factors behind connector
selection in most SSL luminaire
designs. However, although these

factors are important and do af-
fect the ultimate success of end
products, there are several other

factors that engineers should con-

sider prior to specification. Op-
erating at elevated temperatures
in harsh environments requires
careful connector selection if the
design is intended to last. Con-
sequently, engineers need to dig
deeper into the design and con-
struction of connector options,
considering each connector's
contact material, contact plating,
plastic selection, and ease of use

during assembly and disassembly.

A few of the questions design
engineers should consider when
specifying connectors for SSL
luminaries include: Which con-
nectors have the best materials
for high-reliability performance
and a long useful lifespan? Which
connectors provide the desired
mechanical stability and meet
the current requirements of the
device? Would a small, sleek
connector or a large, robust one
better suit the design? And, of
course, does the connector solu-

tion meet the customer’s cost tar-
gets? Such questions are critical
when designing SSL luminaires,
as each unique design can neces-
sitate the prioritization of differ-
ent parameters.

COTS Connector Solutions

for SSL Applications

SSL luminaires demand high-
performance, high-reliability
connectors capable of supporting
the efficiency and long lifespan of
these devices. An abundance of
commercial off-the-shelf (COTS)
connectors that meet these two
requirements are available across
a broad range of price points.
However, many (if not most) of
these existing connector solutions
are not ideal for use in SSL de-
signs.

Although a host of COTS high-
reliability connectors may be
adequately durable and resistant
to heat, the fact that they weren’t
developed with the specific needs
of the SSL industry in mind typi-
cally results in their only meeting
a portion of the specifications
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desired in today’s continuously
evolving lighting designs. As
such, specifying COTS connectors
that were developed years ago for
either a different market, or even
an earlier iteration of this one,
often requires design engineers
to make concessions regarding
mechanical or electrical perfor-
mance, size, and/or cost.

For example, if an SSL design
requires a high-reliability wire-to-
board (WTB) connector capable
of handling high current (up to
10A), compatible with automatic
placement, and able to withstand
the harsh environment of an SSL
luminaire, a surface-mount insu-
lation displacement connector
(IDC) like AVX's 9176 Series IDC
would suffice. Providing a high-
reliability, gas-tight, WTB termina-
tion that is resistant to automo-
tive levels of temperature, shock,
and vibration, the 9176 SMT IDC
would meet the current, place-
ment, environmental, and reli-
ability requirements of the design
but, having initially been devel-
oped for harsh automotive and
industrial applications, would not
be the most size- or cost-effective
solution possible.

Consequently, as consumer adop-
tion of solid-state lighting contin-
ues to expand and LED technol-
ogy continues to advance, SSL
design engineers are beginning
to turn to the connector indus-
try with increasing frequency in
search of specialized solutions.

Specialized Connector Solutions

for SSL Applications

In response, a number of compo-
nents manufacturers have begun
to develop connectors that are
not only specifically designed

to provide engineers with per-
formance specs tailored to the
unique environmental and reli-
ability demands of SSL applica-
tions but that also, through criti-
cal materials selections or design
configurations, attempt to satisfy
the cost vs. performance outcome
that is such a critical concern for
SSL engineers. Achieving the
ideal combination of these param-
eters isn't easy, though, especially
for components manufacturers
that remain focused on designing
traditional connector solutions.

Utilizing input from myriad SSL
engineers seeking COTS solu-
tions for what initially appeared
to be custom applications, a team
of innovative design engineers

at a leading global interconnect
manufacturer closely examined
the broader SSL market and was
able to identify several common
requirements among the dispa-
rate requests. In general, SSL
designers require smaller, more
cost-effective connectors that are
just as capable of handling high
current, as compatible with au-
tomatic placement, and as easy
to assemble and disassemble as
standard connectors — a discovery
that has enabled the intercon-
nect engineering team to develop
more than 25 unique new COTS
connectors designed specifically
for SSL applications since the
beginning of the LED revolution.
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Challenge/Solution: Developing
COTS Connectors for SSL Applica-
tions

Although the performance and
cost requirements for SSL con-
nectors are fairly standard across
all applications, the various types
of connections necessitated by
certain designs require an equally
varied assortment of connector
architectures capable of fulfilling
said requirements. For example,
one of the primary interconnect
challenges in linear LED strip
lighting is coplanar board-to-
board connection, which is typi-
cally achieved using hard solder-
ing or connectors. Hard soldering
the boards together tends to
meet the cost model in low labor
rate markets, but is a manual —
and therefore time-consuming
and inconsistent — process that
doesn’t allow for quick and easy
PCB disconnection. As such, SSL
designers typically prefer to use
connectors, which enable quick
and easy PCB assembly and disas-
sembly. However, due to the size
and budget constraints typical

of most SSL applications, exist-
ing connectors are often too big
for and/or fail to meet the cost
targets of SSL designs. Similarly,
SSL applications utilizing wire-to-
board connections often require
different connector architectures
than board-to-board solutions and
must not only meet the general
cost and performance specifica-
tions for SSL applications, but
must also be made available in
several iterations compatible with
a range of standard AWG wire
sizes.
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Figure 1: AVX’s 70-9159 coplanar contact system

Faced with the challenge of de-
signing unique new SSL con-
nector solutions for these very
applications, that same inventive
design team broke the problem
down to its most basic elements.
Knowing that the critical function-
ality of a connector is concentrat-
ed in its contact, the team pushed
itself to think well beyond the
boundaries of existing solutions
and status-quo connectors and
challenged itself to create a single
contact solution that functions
just like a connector during the
mating, un-mating, and wire ter-
mination processes. As a result,
the team successfully developed
several stripped down, insulator-
less connector solutions capable
of providing SSL designers with
all of the critical functionality of a
connector, but without the cost of
the insulator and assembly, effec-
tively satisfying the SSL industry’s
performance and cost targets.

For the linear LED strip lighting
application, the team developed
an innovative, insulator-less co-

planar contact system (see Figure
1) that allows LEDs to be placed
in the center of the PCB, effective-
ly minimizing LED pitch densities
and maximizing light output, and
contacts to be individually placed
on the outer edges of the metal
core or FR4 boards, effectively uti-
lizing what is typically free space.
Designed with a compression
beam on the horizontal plane to
absorb maximum X- and Y-axis as-
sembly tolerances (1mm on each
axis), compensate for placement
errors, and optimize final lateral
PCB alignment, the novel contact
system also has a minimal 1.2mm
Z-axis height, which enables it to
be placed close to LEDs without
impacting light output. Featur-
ing gold-plated phosphor bronze
socket contact and gold plug
contact with tin tails, the 70-9159
contact system provides maxi-
mum contact and signal integrity
both in the harsh environment
and over the long lifetime of the
LED fixture. It also meets the
required 5A, 125°C, and automatic
placement performance specifica-

tions and is capable of supporting
both board-to-board and wire-to-
board applications.

For the wire-to-board application,
the team was challenged to devel-
op a connector solution capable
of supporting the high power

(up to 20A) and ground require-
ments of up to a 12AWG solid or
stranded wire while still satisfying
all of the general SSL connector
requirements with regards to size,
cost, power, placement, and ease
of assembly and disassembly.

In response, the team created a
unique surface-mount, closed-box
contact system (see Figure 2) that
provides simple, reliable poke
home wire insertion and maxi-
mum wire retention with dual op-
posing high spring-force contact
beams. In order to function like a
connector, the box was designed
with top and bottom contact tines
that guide a stripped wire into the
center of the contact zone and an
integral end-stop to ensure proper
insertion depth. There, the dual
contacts mechanically hold and
make constant electrical contact
with the wires. In addition to fa-
cilitating wire guidance and high
force retention, the novel, single-
position, 9296 closed-box contact
also features an enhanced solder
pad for maximum mechanical
stability on the PCB, enables easy
twist-out wire removal, and is
packaged on tape and reel for au-
tomated SMT placement. Effec-
tively providing all of the benefits
of a full-function connector in an
insulator-free solution, mitigating
both labor and materials costs,
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Figure 2: AVX’s 9296 SMT single poke, dual-beam, closed-boxed contact

system

as well as contributing to smaller
and more cost-effective SSL de-
signs, the 9296 SSL contact solu-
tion currently accepts 12-20AWG;
a smaller 18-24AWG option is
under development.

The team also developed a
smaller and more cost effective
single-contact iteration of its
high-reliability, gas-tight, wire-to-
board 9176 surface-mount insula-
tion displacement connector (see
Figure 3). Despite its stripped-
down appearance, the 9176 con-
tact makes no concessions with
regards to mechanical or electri-
cal performance; it is capable of
handling high current (up to 10A),
compatible with automatic place-
ment, and able to withstand the
harsh environment and match the
extended lifetime of an SSL lumi-
naire. Developed for SMT termi-
nation to the PCB, the singular
SSL contact provides robust PCB
attachment, supports 18-28AWG,
and fulfills all of the standard SSL
connector requirements.

Figure 3: AVX’s 9176 IDC contact
Conclusion

Cost and size have long been and
will continue to be driving fac-
tors behind connector selection
in most SSL luminaire designs.
However, there are several other
factors that engineers should
consider prior to specification,
including: contact material,
contact plating, plastic selection,
and ease of use during assembly
and disassembly, all of which are
critical for high-reliability per-
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formance, mechanical stability,
and a long useful lifespan. As
consumer adoption of solid-state
lighting continues to expand

and the technology continues to
advance, SSL design engineers
will continue to turn to the con-
nector industry in search of
specialized solutions. In general,
SSL designers require smaller,
more cost-effective connectors
that are just as capable of han-
dling high current, as compatible
with automatic placement, and
as easy to assemble and disas-
semble as standard COTS con-
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nectors. However, these com-
mon denominators, while helpful
for interconnect engineers, will
never extinguish the need for
the continuous development of
innovative new contact solutions
that both expand the industry’s
perception of connectors and
provide SSL design engineers
with ideal solutions for their
cutting-edge designs.

www.avx.com
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Solar thermodynamic
power challenges traditional
PV technology

Alternate solar technology could achieve up to 95%

conversion efficiency
By: Scott Ludwig, Progea USA

n addition to photovoltaic
systems to produce solar
energy, another technology
exists that can make better
use of clean energy based
on the principle known as
thermodynamic solar power.
Opened in October 2011,
Gemasolar established the first
commercial-scale solar power
plant in Andalusia, in the region
of Seville in Spain. This plant is
capable of supplying electricity
for 25,000 homes 24 hours a day
by solar heating molten salt to
over 500 °C.

The Gemasolar facility extends
over a surface area equaling the
size of 260 football fields, and

is located along the motorway,
which links Seville with Cordoba.
The power plant’s technical
director, engineer Santiago Arias,
stipulates that this photovoltaic
power plant is the only one of
its kind in the world that carries
on working even when the sun
has set. The photovoltaic panels
used in the power plant are not
those that convert sun light into

the tower

electric energy but concentrate
and use the sun’s thermal
energy.

The plant’s structure consists
of a forest of gigantic panels
positioned around a big tower in
the center. About 2, 650 mirrors
reflect the sun’s rays towards the
top of the tower (see Figure 1).
To maximize the concentration of
solar energy, each one of the 110
square meter heliostats (mirrors)
automatically follows the sun’s

Figure 1: The facility’s 2, 650 mirrors reflect the sun’s rays towards the top of

movement from dawn to dusk
in the same way sunflowers do.
In the top of the tower, with
thousands of rays focused on

it, the molten salt used (which
is a mixture of 60% potassium
nitrate and 40% sodium nitrate)
is heated to 565 °C. Inside a heat
exchanger water is circulated

in the manner of nuclear power
plants, with the intense heat of
the salt producing steam to spin
the turbines connected to the
electric generator.
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they are heated to 565°C.

The sun heats the tower until
sunset, but this does not impede
Gemasolar in keeping the
turbines running for another 15
hours. The concentrated energy
from the mirrors should in theory
be able to heat the salt to even
higher temperatures, but in order
to withstand such extreme boiling
temperatures a more robust

and expensive structure would

be needed. The actual structure
alone amounts to 250 million
euro in investments.

Torresol, the company that
established and manages this
company, is 60% owned by
Sener Grupo de Ingeneria S.A. a
Spanish engineering company.
The remaining 40% shares are

in the hands of Masdar, from

the emirates of Abu Dhabi, who
invest heavily in renewable energy.
Gemasolar is capable of
producing 400 MWh a day while
running continuously at 20
megawatts. This is four times
more than the facility planned for
construction in Curbans in the

Figure 2: Molten nitrate salts flow through the 140-meter-high tower where

Provence region of France, which
has been designed to alternate
between day and night and is
sensitive to cloudy weather.

The Solar Thermal Power plant
structure

This center features rings of
mirrors in an array measuring
10 x 10 meters that reflect solar
radiation onto a receptor on top
of the tower in the center. The
receptor exchanges energy with
the molten nitrate salt flowing
through the tower. The salt is
driven from a ‘cold tank’ to the
receptor located at the top of a
140-meter-high tower where they
are heated to 565°C. (see Figure
2) The heated molten salt then
descends to the heat exchanger to
produce steam. When sufficient
solar radiation heat has been
received to create energy for
power driving the turbines, the
surplus salt is then deposited in
a storage hot tank by the system.
This heat produced by the salt

is therefore stored and used
when the solar radiation level is
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low so that electricity can still

be produced when there is no
sun. When needed the salt then
transfers the stored heat and
continues to produce electric
energy. The stored molt salt can
continue providing electric energy
up to seven hours without solar
radiation.

Solar: Photovoltaic or Thermal
Power?

The thermo-electricity is therefore
a particular type of renewable
energy that exploits sun radiation.
There are some fundamental
differences between solar
thermoelectric power technology
and Photovoltaic technology:
whereas photovoltaic technology
converts solar radiation directly
into electric energy, without
generating and using the
movement of mechanical parts,
the solar thermoelectric power
technology uses the thermal
energy of the sun to heat a liquid
to produce high pressure steam.

Another difference in
thermoelectric is that unlike
photovoltaic technology that

can also work in cloudy weather
conditions with filtered solar
radiation, the solar thermoelectric
needs constant and direct

sun radiation. Therefore there
are two essential aspects to
enable relatively efficient energy
production using this technique:
first of all and most apparent,
solar thermoelectric plants need
to be built in semi-arid areas to
ensure that they are fully and
constantly exposed to the sun.
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thermographic
images are collected
and processed at a
frequency of around
30 Fps (frame per
second) in real-time
by the Movicon Scada
Software residing

in the control room
and connected to the
thermocameras using
the Ethernet network.

Thermal data
| acquisition

Figure 3: Movicon 11 includes alarm management for retrieving temperature data in By means of

realtime
Secondly, it is very important

how the fluid is exposed so that
it does not disperse heat easily:
for this reason a specialized fluid
has been developed to maintain
its boiling hot temperature once
heated to over 500 degrees for
several days, without contact with
the energy source.

This system can enable around
95% exploitation of the solar
spectrum and represents a

new frontier in the search for
alternative energy. To guarantee
that the system works correctly
and to improve its efficiency,

an innovative technology has
been set up and deployed by
Infraservice Srl, which uses
thermographic detection by
managing data in a supervision
and control system based on the
Movicon 11 Scada technology.
Infraservice S.r.| is a young and
dynamic company operating in
the thermography applied to
industrial automation sector.

To begin, Infraservice has
engineered the use of a Scada
system with a thermo camera
obtaining optimum results and
positive response from the
market within which the company
operates such as pharmaceutical,
chemical, cement and die
manufacturing with the assistance
of the technical support which
comes with the Progea products.
The innovative approach used in
applications has gained optimum
results in industrial automation
by offering solutions based on
captivating and modern graphics
with userfriendly interfaces that
are greatly appreciated by clients
for their simplicity-of-use.

The system designed for
Gemasolar is composed of 4
thermocameras (640 x 480
pixels) mounted on poles

in the four cardinal points.
These thermocameras are
connected with each other in
fiber optic gigabit ethernet. The

analyzing the
thermographical images,
retrieved from the thermographic
cameras, the application created
with Movicon, transfers the
information concerning the
temperatures of all the receptor
surfaces highlighting eventual
thermal anomalies that might
cause serious damage to
the structure. The retrieved
information on temperatures
is sent to a PLC, which relays
it to the mirror control system.
This system then regulates the
inclination of each mirror to
correctly radiate homogeneous
temperature to the receptors
placed on the central tower.

Movicon in the energy sector
Supervision, monitoring and
control with Movicon 11 includes
alarm management for retrieving
temperature data in realtime
while displaying trends on
recorded temperatures with the
ability to set a series of settings
and commands to transmit
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to the four thermocameras.

Each thermocamera has

been configured using the 56
ROI thermographic software
(Region of interest) with which
the Maximum, Minimum and
Average temperatures are
measured in realtime for each
camera. These values (672
temperature values altogether)
are processed by a datalogger
and displayed in the Trend
Historical screen pages. In
addition this data is sent to the
PLC using the TCP-IP Modbus
communication. This supervision
application also manages alarms
on the retrieved temperatures,
displays Trends on recorded

temperatures and provides the
ability to set a series of settings
and commands to transmit to the
4 thermocameras (see Figure 3).

Leading the industry by
installing solar thermal power
with 432 MW in early 2010 in
Spain, the company has recently
setup operation in the U.S.A

by installing the equivalent to
422MW in solar thermal power
at the beginning of this year.

Conclusion

It can be reaffirmed that the
solar thermal power technology
developed by Professor Rubbia,
offers great advantages in

the field of energy production
from ecologically sustainable
and renewable sources. The
supervision and control
technology implemented

by Infraservice exploits the
capacity to retrieve thermal

data to ensure system efficiency
and safety, simplifying the
automation system and
application of field components.
Movicon has not only proved
particularly effective for

this application but also for
other types of thermographic
detection applications in various
industries.

www.progea.com
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Power Management in

Health Care Applications

Medicine’s high level of innovation is fueling the need for new health

care electronics

By: Frederik Dostal, Analog Devices

ifferent health care
applications require
different power man-
agement solutions.
From a power management view,
health care is a very interesting
market. Though design cycles
within health care are quite long,
a high level of innovation is fuel-
ing the need for new health care
electronics. These do not only
replace older apparatus but are
used in new markets and appli-
cations which did not exist a few
years ago. This article will look
into four different health care
application areas. They are home
health care, instrumentation,
patient monitoring and imaging.
Power management solutions are
discussed for each individually.

Home Health Care

Within home health care we see
vast design activity. The global
pressures of aging societies,
growing economic strength, and
technical innovation have led
to many new applications for
home health care. The benefits
for patients include increased
flexibility, better services, and
possibly fewer trips to the doc-
tor. While home health care has
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[ _ | Power-on
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A
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Figure 1: Typical power chain for portable battery powered home health care

device

been around for quite some time,
only recently do we see more and
more advanced solutions avail-
able to consumers. Examples

of such solutions are monitors
for activity, blood pressure, and
heart rate. In addition, portable
blood analyzers and pulse ox-
imetry systems are included in
today’s home health care.

From a power management
perspective all these systems
require a high level of integration
due to the necessary portability.
High power efficiency is needed
for systems which are truly por-
table and thus battery operated.
Here lower power consumption
will increase the operation time
of the device without recharging
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or replacing batteries. Lastly, one
important specification is also
the cost. While in some other
health care applications the cost
of a power management solution
might not be a key specification,
in home health care it is. Here
cost constrains come close to
what we see in the consumer
electronics market.

Figure 1 shows a power chain for
a rechargeable system utilizing

a lithium-ion battery. The power
architecture ensures that some
parts of the circuit can be turned
off using a load switch such as
the ADP19o, while other circuitry,
such as the ADP160 powering
the real time clock (RTC) is al-
ways turned on. The ADP19o has

a ground current lower then 2pA
when turned on and the ADP160
only consumes about 560nA of
supply current with no load. This
keeps the permanent discharge
of the battery at a minimum. The
ADP2140 is a highly integrated
buck switching regulator com-
bined with a linear regulator. This
power management unit is sav-
ing space and cost.

To charge the lithium-ion battery,
advanced battery charging solu-
tions such as the ADP5065 are
available. This device is a very
efficient switching mode charger
which is especially suitable to
medical applications due to its
many error detection and safety
functions. It is fully compliant
with the USB 2.0, USB 3.0, and
USB battery charging specifica-
tion 1.1 and enables charging via
mini USB VBUS pin from a wall
charger, car charger, or USB host
port.

Some lower cost portable heath
care systems, which are only
used for short amounts of time,
might be designed around a non-
rechargeable alkaline battery. For
weight and cost reasons there

0.8V to 1.5V
Y

POWER SYSTEMS DESIGN OCTOBER 2013

vy ADP5050
1.2V
> 4ABuck Reg YL,
2.5V

» 4A Buck Reg W\—ll
1.8V
»| 1.2A Buck Reg [ ) () S
3.3V
optional » 1.2A Buck Reg NN,

12C

— 1.5V
> 200mA LDO >
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[2C connectivity

is a benefit when using only one
battery cell than the common
two cell setup. The difficulty of
one alkaline cell systems is that
the battery voltage is only in

the range from 0.8V to 1.5V. To
power the electronics, a boost-
ing regulator capable of such low
input voltages with high power
efficiency is necessary. Figure

2 shows the ADP1607 as a first
power conversion step for such
an application. It is generating

3.3V which is needed in most sys-

tems.

Instrumentation

Example applications

in instrumentation
3.3V are blood analysis,

= ADP1607

— alkaline battery [+

dialysis machines as
well as clinical diag-
nostics. Instrumen-
tation equipment is

usually not portable.

Figure 2: Powering a portable health care system The power manage-

with a single cell alkaline battery

ment requirements

are not so much driven by the
factors discussed in the ‘home
health care’ section. In instru-
mentation we have usually more
power available, thus power effi-
ciency is not such a big concern.
While a high level of integration
is definitely a ‘nice to have’, it is
often times not essential. What
matters for instrumentation ap-
plications is very often low noise.
Switching regulators as well as
linear regulators need to be very
low noise in order to allow for
very high precision measure-
ments.

Typically a silver box type AC /
DC power supply is used to gen-
erate one or multiple intermedi-
ate voltages. These rails are then
used to generate lower voltages.

Figure 3 shows a micro PMU
(Power Management Unit). It is
an ADPsos50 which can operate
of a 12V rail coming from the AC
/ DC power supply. This PMU in-
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cludes four switching regulators
as well as one linear regulator.
While being compact, it also in-
cludes many desirable functions.
Switching frequencies of the in-
dividual step down regulators are
synchronized together and phase
shifted for minimum noise on
the input line and to enable small
input capacitors. One unique
feature is to be able to run two
of the switching regulators at
half the switching frequency of
the other two regulators. This
maintains a predictable low EMI
profile while being able to use a
higher switching frequency for

a low power rail while using a
lower switching frequency on a
high power rail for highest effi-
ciency.

Last but not least, there is an 12C
interface available to dynamically
change the output voltage, check
chip temperature, set the phase
shift of different channels, power
good indication and enable of
individual channels. These func-
tions help intelligent instrumen-
tation systems to monitor and
control the power management.

Patient Monitoring

Systems in this category are
clinical based. They are used to
measure blood pressure but also
in electrocardiography (ECG) and
pulse oximetry systems. Here
power management is usually
line powered, thus power efficien-
cy is not so important as long as
dissipated heat can be managed.
What really matters is reliabil-

ity, galvanic isolation for safety

Figure 4: Concept of inductive digital coupling through an isolation barrier

purposes as well as low noise.
For reliability, battery backup is
sometimes provided. It is helpful
when patients are transferred to
different hospital stations and
vital signs monitoring shall not
be interrupted.

Isolation needs to comply to the
most stringent medical safety
standard IEC 60601-1. Digital
isolation with Icouplers® is
replacing optocouplers without
compromising isolation integrity.
The advantage is to avoid the
aging effects of optocouplers for

60747-5-5. lcoupler products are
using chip scale transformers
which provide very robust com-
mon-mode transient immunity
compared to optocouplers and
capacitor based digital isolators.
Figure 4 shows the concept of
inductive isolation. There are two
inductors with an insulation bar-
rier in between which consists of
Polyimide, SiO2 or similar isola-
tion materials.

Figure 5 shows a block diagram
of a typical Icoupler device with
Isopower functionality. Isopower

long term reli-
ability as well as

the availability of 0SC

different semicon-
ductor functions

such as USB, 12C =
and power man-
agement switch-
ing regulators all
in one package. |

4 CHANNEL iCOUPLER CORE

ADuM5401/ADuM5402/
1 ADuM5403/ADuM5404 i

These devices are
capable of rein-
forced insulation

and can withstand
a 10kV surge as

Figure 5: Picture of an Icoupler with Isopower for

designated by IEC galvanic insulation
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Figure 6: Setup of an Icoupler digital isolator with Isopower

is able to not only couple signals
through an isolation barrier, but
also power. The ADuMs540x can
deliver a total power of up to
soomW. Besides the coupling of
power, the chip also integrates up
to 4 channels of data coupling.
Figure 6 shows a photograph of
the system inside the microchip
package.

Imaging

These applications have come a
long way. It truly is fascinating
which advancements have been
made in the field of imaging. This
product group includes ultra-
sound, CT (computer tomogra-
phy), digital X-ray, MRI (magnetic
resonance imaging) and PET
(positron emission tomography).
Power management wise we see
two trends. Larger systems such

as MRI and PET are quite power
hungry and require many distrib-
uted power supplies. These need
to have a certain level of efficien-
cy for heat dissipation purposes.

In imaging applications it is very
likely that any type of system
noise, including switching noise
or even LDO output voltage
noise, may be visible on the final
image. It can mean ordinary error
lines in the image but sometimes
we also see picture quality deg-
radation in contrast and color or
grey scale levels.

Power supplies can introduce
problems on the image sensing
circuitry but also on the image
display circuitry. Resulting picture
quality issues in both parts of an
imaging system are not accept-

able. There are manufacturers

of medical imaging equipment
who used power management
modules before but decided
against them. While they would
come with a guaranteed principle
specification, the exact EMI be-
havior was not guaranteed. The
slightest change in the manu-
facturing of the power modules
could potentially yield issues in
picture quality. In order to have a
higher level of control, a discrete
power design, fully developed
and manufactured by the health
care imaging design company
can be the better way to go.

Conclusion

Power management require-
ments in health care applications
are quite different depending on
the application area. In all areas
we see the requirement for spe-
cialized solutions. In home health
care many solutions will be ASSP
(application specific standard
product) or even ASIC (applica-
tion specific integrated circuit)
based. The smaller quantity
applications will use standard

of the shelf power management
units. In instrumentation, patient
monitoring and imaging, power
management solutions will be
even more optimized to play

well with the ultra-high accuracy
signal path components.

www.analog.com
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Microgrid Market
Trends and Outlook

Microgrid power generation includes a mix of renewable and
nonrenewable sources

By: Eric Davis, Energy Solutions Forum

n the wake of

increasing blackouts

and brownouts, and

particularly after the
recent power outages 1
caused by Hurricane

1

Sandy, the need for a more 100
reliant grid is undeniable. 80
One solution is to consider
. 60
parallel or isolated
systems that consist 40
of energy generation,
- . 20
storage, distribution,
and management. 0
These systems— 1991-1995 1996-2000
microgrids—operate either W Qutages Affecting Over 50,000 Consumers
independently or parallel Figure 1

to the main grid, and help
ensure reliable energy supply for
consumers while also reducing
the stress felt by the larger
transmission and distribution
system.

Power outages cost the U.S.
approximately $104-$164 billion
annually, half of which are
specifically felt by the industrial
sector and digital economy.
Even brief outages can damage
equipment or idle labor, which
wastes critical resources, and
losses can have further effects
for downstream firms.

40

20

Historical Analysis of U.S. Power Outages (1991-2005)

Losses from outages are
increasing over time due

to congestion and a lack of
investment in transmission
infrastructure. In the second
half of the 1990s, there were
41% more outages than in the
first half affecting 50,000 or
more consumers. Further, U.S.
power outages affecting 50,000
or more customers rose from
197 to 312 from the 2001-2005
period to the 2006 to May 2010
period (see Figure 1). There

is a clear need for a stronger
electrical grid. Microgrids offer
substantial resiliency and cost-
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2001-2005

® Outages Over 100 MW

savings benefits. Governments,
businesses, and educational
institutions are exploring
microgrid technology as a
potential avenue to securing a
more reliable energy future.

Market Drivers and Technology
There are critical factors that
drive demand for microgrids,
including cyber security, growing
energy demand, and the

general need for a more secure
electricity supply. Reliance on
modern technology continues

to increase, which makes power
systems vulnerable to cyber

Total Microgrid Capacity by Segment, Average Scenario, World Markets: 2011-2017
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have pursued

microgrid
5,000 Lo
activities
4500 7w Commercial/lndustrial include San
. o Diego Gas
4,000 +— = Community/Utilit
. i : & Electric
3500 | " Campus Environment (SDG&E)
— u Military Stationary Base American
s ' = Remote/Off-Grid Electric
= 2500 Power (AEP),
2,000 Sacramento
Municipal
45094 Utility
1,000 District, DTE
Energy, and
500 gy‘
Consolidated
= Edison.
2011 2012 2013 2014 2015 2016 2017
However,
(Source: Pike Research) because
Figure 2 the most
attacks with particularly drastic - can further microgrid system prominent

implications for large-scale
interconnected power grids the
systems upon which they rely.
Reducing outages and increasing
quality of energy supply can
significantly benefit sectors that
are reliant upon constant power
supply, such as data centers,
infrastructure critical to national
security, and critical service
providers such as hospitals.

Microgrid power generation
includes a mix of renewable and
nonrenewable sources. This
includes, but is not limited

to fossil-fuel-fired generators

or turbines, and renewable
sources such as solar PV and
wind turbines. Integration

of cogeneration - combined

heat and power (CHP) - and
trigeneration systems - combined
cooling, heat, and power (CCHP)

efficiency and cost-effectiveness.

As grid-scale energy storage
technology continues to
improve, so does its capacity
to smooth and complement
renewable power generation, and
provide cheaper peak-demand
power. Also, in the case of an
unpredicted utility grid outage,
stored energy can provide
momentary power bridging as
microgrid system generators
come on line.

Recent Applications and Success
Stories:

Utilities

Electric utilities have approached
microgrids in a variety of ways.
While some remain skeptical,
many have moved forward with
projects despite significant
obstacles. U.S. utilities that

obstacle for utilities in this case
is justifying costs passed on to
ratepayers, the business case
still needs to be thoroughly
explored and quantified.

Campuses

Institutional campuses are

also beginning to implement
microgrids to help reduce energy
use. According to Pike Research,
total installed generation
capacity strictly for campus
microgrids will increase by 164
percent from 2011 to 2017. The
market for campus microgrids
could reach $777 million by 2017.
Figure 2 shows the potential
increase in campus microgrid
planned capacity from 20711
through 2017.

Santa Clara University
Santa Clara University became
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one of the first universities in
the Bay Area to launch a smart
microgrid, a project that is
estimated to reduce energy
consumption by 50 percent and
to save approximately 20 percent
in energy costs.

Consisting of a 1-megawatt
solar PV system, a wind turbine,
a 6o-collector solar thermal
system, and a smart microgrid
system that regulates the
campus sources, the Santa
Clara University system will
manage and optimize energy
on the campus from production
to storage to consumption.

Not only is the university able
to better manage its energy
sustainability and reliability, but
the system gives them the best
return on investment for its 106-
acre campus. The university has
been able to grow its campus
size by 30% while still reducing
energy costs and use.

The Military

Military bases are seeking to
maintain operations despite
disruptions in the larger grid as
the U.S. Department of Defense
(DoD) works to mitigate
energy security threats. More
than 40 DoD military bases
currently either have operating
or planned microgrids, or

have pursued demonstrations
or studies, according to

the Secretary of Defense.

Pike Research projections
indicate that U.S. military
microgrids for stationary bases
could potentially reach 54.8

megawatts by 2018.

In May 2013, the U.S. Army
launched its first grid-connected
microgrid demonstration at
Fort Bliss, Texas, integrating
renewable resources and energy
storage. The $2.4 million
project, funded through the
DoD’s Environmental Security
Technology Certification
Program, will integrate 120

KW of solar, 300 KW of energy
storage, grid interconnection,
on-site backup generators, and a
control system.

The project aims to reduce
greenhouse gas emissions and
energy costs while also offering
energy security benefits by
allowing the base to operate off
the grid, reducing risk of power
outages and cyber security
attacks. Costs will be lower

and energy storage will enable
peak-demand to be met. The
demonstration phase is set to
continue through July.

Key Takeaways

The market for microgrids in
the U.S. is moving towards full-
scale commercialization. There
are not only reliability and
security benefits, but revenue
generation, cost-savings,

and emissions reduction
opportunities as well. There
remains tremendous potential
particularly for industrial and
educational campuses as well as
the commercial and industrial
sectors. As governments
continue to aim to meet clean
energy deployment goals
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while reducing energy costs,
microgrids offer an attractive
option.

www.energysolutionsforum.com
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Connected health empowers
patients and providers

Technology innovation is successfully making the transition to

commercial reality
By: David Pettigrew, Sagentia

geing populations

and the growing

prevalence of chronic

diseases are placing
healthcare infrastructure under
greater pressure than ever
before. The UK's Department of
Health estimates these issues
could require £5 billion in
additional expenditure by 2018,
yet NHS budgets are currently
allocated on a flat-cash basis.
At a time of significant
budgetary constraint, healthcare
providers must find new ways
to reduce costs and increase
the efficiency and quality of
care. Treating patients quickly
and effectively frees-up hospital
beds and critical resources.
Ensuring underlying health
issues are properly addressed
and encouraging lifestyle
improvements drives reductions
in both the number of people
visiting healthcare providers and
repeat visits.

Technology is proving a key
enabler in realizing these

aims, particularly in the form

of connected health. Broadly
defined as the use of technology
to provide healthcare at a

distance and improve speed of
response, connected health is
seeing new levels of capability
being realized in areas such

as user interfaces, storage,
smartphones, low power
connectivity, and data processing
and analytics. These are being
combined with medical sector
advances around novel sensing
and imaging technologies, as
well as microfluidics, haptic
feedback, and robotics, to deliver
practical solutions to some of
the most pressing healthcare
issues.

Making the connection
Connected health is an
evolution from existing delivery
models such as telehealth and
telemedicine services, which are
focused on the transmission

of raw data between two
locations — for example, the
electronic transmission of

drug prescriptions to a patient,
or medical images between
clinicians. Connected health
takes this further by abstracting
these data using sophisticated
context-aware algorithms to
provide actionable information
to the patient, payer or clinician.

It is this ability to provide
real-time data management
and decision support that
distinguishes connected health.

The solution can be as simple as
a bed-side monitor linked to a
nursing station that alerts nurses
to a critical event, or a series

of networked devices collecting
clinical data that is stored
together with patient records
and other administrative and
financial data within a central
clinical information system
(CIS).

More advanced connected
health solutions combine

the latest advances in smart
sensing technology, fixed and
wireless networking, and cloud
computing. They also employ
sophisticated algorithms and
centralized storage (either locally
or via remote servers) to enable
the mining and analysis of ‘big
data’ to uncover trends and
insights, and generate decision-
making outputs.

Crucially, connected health
solutions can be applied at any
point in the care pathway, from
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a patient’s first contact with a
healthcare professional, service,
or organization, through to the
completion of their treatment
and subsequent aftercare.
Moreover, they can be delivered
in the home, between the home
and surgery, within a surgery

or even between surgeries, in
areas including vital signs, sleep,
and medication compliance
monitoring.

A technology applied
Monitoring and prevention

are two promising areas for
connected health. Commercial
examples include solutions

for monitoring diabetes

(blood sugar levels, insulin
administration) and for
preventing co-morbidities
through the monitoring of
blood pressure, cholesterol,
and weight. There are also
PT/INR self-testing solutions
(Prothrombin Time/International
Normalized Ratio) allowing
patients taking medication
such as coumadin or warfarin
to measure their blood’s anti-
coagulation level (i.e. how long
it takes their blood to ‘clot’), as
well as cloud-based platforms
that log patient data and refine
algorithms to enable more
accurate diagnosis in areas
such as cardiology and image
analysis.

Arrhythmia detection is another
major area of focus, as it is
important for patients to be able
to monitor and record their heart
rate outside of the surgery. An

electrocardiogram (ECG) rhythm
monitoring technology has

been implemented by AliveCor
for example, in the form of a
hand-held device consisting of
two finger-pads embedded in

an iPhone cover. The ECG data
acquired via this device can be
transferred to a secure online
server for review by a clinician.

Although AliveCor’s system is
approved for clinician use only at
present, the next step could be
to put this device in the hands of
patients for recording their own
ECG traces for remote review
in-between their appointments.
This would significantly increase
the likelihood of detecting
relatively rare arrhythmia events.
Another connected health
innovation under development
is the Endotronix system, which
uses an implanted sensor to
communicate pressures from
inside the patient’s heart

to a smartphone app via a
transmitter. The system is able to
accurately capture internal heart
pressure data at any time and
communicate it securely from a
remote location to the patient’s
care team. It will be possible for
both patients and clinicians to
view the data in various formats,
and on multiple devices.

Delivering successful outcomes
Some connected health solutions
are already providing doctors
with new levels of visibility of
their patient’s progress, and
empowering patients to take
more responsibility for their own
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health and care. ‘Health Buddy’,
for example, is a personal and
interactive communications
device developed by Health Hero
Network (now part of Bosch
Healthcare). It enables a doctor
or nurse coordinator to send a
set of queries to the patient each
day via the Internet. The patient
answers them by pressing one
of four buttons. The device
automatically transmits this data
to a processing center, where it
is analyzed and published to a
secure website for review by the
coordinator.

Piloted as part of a computerized
interactive asthma self-
management and education
program in the U.S., the device
was found to increase self-
management skills while
reducing the number of urgent
calls to the hospital. There are
now more than 20 clinical trials
of the Health Buddy system in
post-acute and chronic care
coordination, with consistent
demonstration of positive
outcomes across a variety of
disease states and settings.
One Health Buddy program
that is supporting chronically ill
patients has achieved spending
reductions of approximately
7-13 per cent ($312-$542) per
intervention patient per quarter.

The U.S. has been an early
adopter of connected health
solutions and digital health
technology in general. Electronic
health records (EHRs) are
subsidized under ‘ObamacCare’,

POWER SYSTEMS DESIGN OCTOBER 2013

1

Figure 1: There is an increased concern about how rapid changes in hardware

and operating systems will affect the intended function of attached

medical devices

while VC funding for digital
health is on track for another
record year, with start-up
incubator Rock Health reporting
a 35 per cent increase during the
first quarter of 2013 compared
with Q1 2012. Last year, total
annual VC funding in the digital
health industry stood at $1.4
billion and $968 million in 2011.

In Europe, take up has

been slower, but industry
commentators believe all the
elements are now in place for
connected health to make the
transition from small-scale pilots
to mass market implementation.
According to the European
Connected Health Alliance, the
path for connected medical
devices will be smoother in
Europe than in the US, because
it is easier and faster to get over
the regulatory hurdles and the
process is better understood.

Fit for purpose

The regulatory landscape in the
U.S. remains highly uncertain,
with the FDA due to publish

its final guidelines on mobile
medical apps shortly. FDA draft
guidelines released at the end of
2012 stipulate that certain types
of medical mobile apps will be
regulated, placing a large burden
on R&D in terms of managing
risk. There are also considerable
challenges around protecting the
privacy and security of personal
health information, and concerns
over the impact on development
schedules and costs should
products require FDA approval.

Nevertheless, the 510(k) number
issued by the U.S. Food and
Drug Administration (FDA) is
considered the ‘gold standard’
for solution developers globally
due to the rigour of the
regulatory process, and the fact

it clears medical devices for sale
in a market where providers,
payers, and physician groups
are forecast to spend over $69
billion on healthcare-related

IT and telecommunications
services between 2012 and 2017,
according to analysts at Insight
Research Corporation.

Functionality of connected health
devices varies and is based on
their technical sophistication,
but their success will depend

on end user acceptance. This
explains the rising prominence of
smartphone apps, which at first
glance, would appear to provide
an easy route for manufacturers
to deliver a ‘consumer

friendly’ user interface for their
connected systems. However,
manufacturers and regulators
are increasingly concerned

about how rapid changes in
smartphone hardware and
operating systems will affect

the intended function of their
medical devices (see Figure 1).

Depending on the level of risk of
the intended connected health
system, it can still be cheaper
and less risky in the long run to
develop a platform-independent
system that they can control
entirely. Alternatively, a model
explored by many companies
involves the use of custom
‘smart sensors’, which perform
the ‘high risk’ data processing
functions using sophisticated
embedded algorithms. These
devices can in turn transmit

the result to the smartphone,
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which displays the data to the user. In this way, the usability of a
smartphone interface is brought to bear without adding in the extra
risk of using ‘unregulated’ hardware and software to generate the
data.

Connecting the future with the present

Additional challenges remain, particularly in respect of the
networking technologies employed in connected health applications
and their respective power requirements and data rates. Using

Wifi or broadband for example, has the advantage that the medical
device can be connected to a backbone of wireless hotspots using an
existing hospital network, and the investment will be relatively low
from a technology perspective.

The drawback of this approach is that it is power hungry and

cannot be used if the device is battery powered and has very limited
dimensions. In this case, Bluetooth Low Energy (Bluetooth Smart®)
is often the preferred solution as it has low-power consumption

but also means a low data rate. This constrains the amount of
information that can be transmitted back and forth, in real time,
and thus limits the application. This is an area in which leading
manufacturers continue to innovate by embedding processes within
the portable device so that less data is being exchanged.

Given that connected health bridges the consumer and healthcare
space, development of robust and interoperable platforms is
essential. Recent FDA regulations and harmonized global standards
are driving manufacturers to increasingly focus on usability
engineering, in order to develop devices and services that minimize
the risk of patient harm through user error. Considerable progress
in terms of interoperability has been made by the Continua Health
Alliance, which is developing a system of interoperable personal
connected health solutions.

As these challenges are addressed, connected health will enable
efficiencies and improve patient outcomes. It will also free-up
healthcare professionals to focus triage on patients where it is
needed most. And as people become more open to owning their
own healthcare, advances in connected health mean they will have
a growing range of tools at their disposal. Ultimately however,

the transition to connected health will be borne out of necessity,
as conventional healthcare and its associated costs become less
feasible in respect of fiscal and demographic pressures.

www.sagentia.com
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Powering up universal
mobile telemedicine

Technology can help service the underserved

niversal health

care is one of the

most important

governmental, societal
and economic issues in recent
time. Attention has been mainly
focused on providing health
insurance to the uninsured.
However, universal health care
also means reaching hard to reach
and underserved populations
with medical services. So, how
can service be provided to the
underserved? Technology is the
obvious solution, and that points
to smartphones, tablets, and bio-
medical sensors.

As of now, there are over 40,000
medical apps in the market — and
this is just the start. In 2011 there
were 124 million medical app
downloads and it almost doubled
to 247 million in 2012. Health and
fitness sensors are expected to
have a compound annual growth
of over 37% (see Figure 1).

Apps and bio-sensors on mobile
platforms are now able to monitor
sleeping, eating, pregnancy,
prescription management,
moods, blood pressure, glucose
levels, pollen levels, peak flow,
auscultation, heart rhythm,

Figure 1: Global Mobile Sensing Health & Fitness Sensor Shipments (2012-2017)
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Figure 1: Global Mobile Sensing Health & Fitness Sensor Shipments.

ultrasound diagnostics, skin stress
chemicals, and many other things.
With more advanced instruments
connected to the phones any
number of diagnostic procedures

can be provided.

New mobile medical sensing
and processing functions come
at a cost, however. And that cost

Multi-cores, 64 bit busses, & process migration
Driving exponential processor performance increases
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Figure 2: Relative mobile processor performance.
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is power drain. At the heart of
handsets are advanced application
processors, which are gaining in
speed and processing capabilities
every year. However, with each new
generation of processors more
pressure is put on battery life. This
is especially problematic for battery
powered remote medical systems
running on mobile platforms (see
Figure 2).

The ability to take readings over
long periods of time is often
mission critical for medical
telemetry. When important care

is tied to battery life, battery life
becomes an important care. So,
can typical mobile batteries keep
up with processor improvements?
In many cases, probably not

(Figure 3).

Even though the performance
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of batteries is improving, it is

not improving as fast as the
processors that they power. Battery
performance, which is measured
by energy density, only increases at
a linear rate, which is much slower
than processor improvements,
which are exponential. This

gives rise to a power gap that is
anathema to medical applications
that need long battery life.

Charging a cell phone once a
day is a routine for most users,
but that will not be adequate for
many medical apps. Common
mobile medical diagnostics such
as holter monitors (i.e. mobile
EKG), for example, must operate
a full day, several days, or even
weeks between charges. Therefore,
mobile medical designs must
investigate all opportunities

for reducing power drain and

Demand grows exponentially, but
battery energy density grows arithmetically

Power Demand & Energy Density Growth by Year
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Figure 3: Power demand & energy density growth by year.

augmenting current mobile
platform powering arrangements.

The rechargeable single cell Li-
ion battery is a common starting
platform for most mobile designs
due to the abundant ICs available
to navigate the 2.5V - 4.2V
voltage range. But, they may not
be practical for many medical
units. Batteries have increased in
size to cope with the increased
power drain from larger and
brighter display technologies
now common in handsets,
phablets and tablets. 3000 mAh
batteries are becoming common
now. Even still, a daily recharge
routine is nearly mandatory
because as batteries get bigger
more features are added to take
advantage of that (or is it the
other way around?). Anyway,
medical handhelds and sensors
have a much different use profile
than consumer phones and
tablets, and that can quickly
eliminate the possibility of using
an integrated rechargeable
battery that needs daily charging.
So, if longer life is needed how
can that be provided?

This is where the concept of the
primary battery comes into play.
A “primary battery” is defined as
a battery that generates potential
by using an irreversible chemical
reaction. This, by definition,
does not allow the battery to

be charged. Primary batteries
are old-school batteries that

you buy in the store, use until
depleted and then toss them
out. The advantage of primary

WWW.POWERSYSTEMSDESIGN.COM
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- SPECIAL REPORT : MEDICAL

FRO014HSJZ Typical Schematic

FRO14H5J)Z

NEG

{1

USB Device
Circuit

Figure 4: The configuration of the reverse polarity protection device

batteries is that they typically
retain more charge over a longer
period than rechargeables.
There are many form-factors

for primary batteries, but the
common voltages for handheld
or wearable applications are 1.5
V cylinders (e.g. AA, AAA, etc.)
or 3 V coin cells. These batteries
are known for their long shelf life
when under no-load and their
relatively low replacement costs.
The typical 1.5 V alkaline battery
is designed with 0.9 V Vmin, but
is commonly stacked in series
to double or triple the output
voltage range. A coin cell such
as the CR2032 lithium-based
form factor is known for a stable
3 V output voltage over a large
percentage of its life expectancy
(depending on the load transient
profile). Due to this useful 3V
potential, they are often nested
in parallel to handle larger load
transients, and interface directly

to a microprocessor without DC/
DC regulation being needed.

Since a human is required to insert
primary batteries into the unit
when a cell is depleted, incorrect
battery insertion is possible. The
negative potential of a reversed
battery is harmful to most ICs

and microprocessors. So, reverse
polarity protection must be pro-
vided. The most simplified form of
protection is a Schottky blocking
diode, but the voltage drop and
corresponding efficiency losses

are not acceptable in long bat-

tery life applications. A P-channel
FET can be used, but may not be
characterized for true negative
voltage blocking. Two FETs are
typically needed in series to orient
the body-diodes in an opposing
structure when reverse blocking is
desired. The appropriate gate drive
of these MOSFETSs needs to also
be considered for the various bat-
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tery configurations, as well as the
timing when they are applied.

To address reverse polarity protec-
tion, Fairchild has introduced an IC
family that blocks like a Schottky
diode, but signals passes through
with the efficiency of a MOSFET.
The FRo14H5)Z is a high-side pro-
tection device in this family with
-30 V blocking capability and +32 V
forward passing capability. When
the battery is inserted correctly, the
FRo14H5)Z is nearly transparent to
the power budget at less than 20
mOhm. This simple but effective
device can replace multiple devices
while still improving battery life.
Figure 4 shows the configuration
of this reverse polarity protection
device.

Progressing downstream in the
power path for all battery power
designs, intelligent load switches
can be used to disconnect high

leakage loads or exposed connec-
tors when not needed. These are
common in high reliability medical
applications. The various flavors of
the Intellimax™ series incorporate
digital ON/OFF control, in-rush
current protection; reverse current
blocking, temperature protection,
and over-current protection. The
reverse current blocking feature is
useful in the event that the load
could be at higher potential than
the source, even if only briefly.
Wafer level chip-scale packaging
with solder bumps on the bottom
and geometries down to 0.8mm

x 0.8mm aid in board space opti-
mization. A simple P-channel FET
can be used, but if any additional
protection is needed, particularly
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when the switch is far enough
upstream such that a failure would
result in multiple downstream
power outages, the additional
components required around the
P-FET justify the migration to an
intelligent load switch.

Mobile power sources, espe-

cially for medical applications may
become more hybridized using
rechargeable batteries with an
onboard primary battery and pos-
sibly low-power energy harvesting.
In such situations, reverse polarity
protection devices and intelligent
load switches will become even
more valuable. The key to longer
battery life is to align the source
potential with the load require-

Go mobilel

PRYD

Empowering Global Innovation

ments while limiting any required
DC/DC regulation.

It is becoming very clear that
smartphones and tablets will pro-
vide benefits that reach far beyond
their current usage patterns in-
cluding tele-medical applications.
Bio-medical sensors, medical
apps, and the cloud are intersect-
ing with mobile platforms and
societal ethics and public policy to
drive an expansive market for mo-
bile medical hardware devices. It is
the job of hardware engineers and
IC providers to ensure that those
platforms are powered up and stay
powered up.

www.fairchildsemi.com

PSD’s NEW MOBILE SITE ADAPTS TO ANY MOBILE DEVICE WITHOUT THE
NEED FOR AN APP! VISIT US TODAY AT WWW.PSDMOBILE.COM

Empowering Global Innovation
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mong the many concerns

we have as individuals

in the information

society, one of the most
pressing to us is our privacy. Once
upon a time, protecting your privacy
only required a small amount of
operational security; shred important
documents, don’t give strangers
your information, and don’t lose
your wallet. Today, there are aspects
to our identity that we can’t even

control ourselves anymore.

The “how” in the “who” online

We all know (or should) that your
activity can be tracked online using
tracking chits called “cookies”. Most
people know that if they want some
privacy, they should disable the
cookie functionality in their browser,
to prevent websites from collecting
user data and other personal
information. This is an aspect of our
online identities that we can control

to some degree.

However, many organizations are
starting to use powerful information
warfare techniques to the world

of online activity, removing a lot

of the control people had on their
identities. One of the most powerful
tools one can use involves pattern
and traffic analysis. One can discover

a great deal about you just by
tracking who you talk to and where
you go, without having to even listen
to what you say when you talk, or
what you do when you get there.
Pattern analysis is now becoming a
major weapon in the online arsenal.

Internet of things

But what happens when the Internet
moves into the real world, and

we live in an environment full of
connected intelligent devices? This
will enable the creation of even more
comprehensive pattern analysis, to
the point where your actions and
activities can be tracked whether you
want them to or not. Just like the

old Morse-code senders of old, your
behavioral “fist” in the Internet of
things will betray you to the skilled
observer.

Just as companies are currently
beginning to track people cookie-free
online just through their behavior
and the “fingerprint” of user settings
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User tracking in the Inter-
net of things — a privacy
concern?

By: Alix Paultre, Editorial Director, PSD

in their browser, they will track
people through the real world by
their interactions with the devices
and systems around them. It will
probably get to a point where your
actions to mask your activity will
actually highlight you to the system
as a depression in the data patterns.

The good side

This is not necessarily a bad thing, if
individual information is protected
while the system is allowed to

use the macro market and usage
data to optimize infrastructure
operational efficiencies by leveraging
the information to better control
power, lighting, traffic, and signal
management (among the many
facets of societal infrastructure that
could be improved through Big
Data) to significantly reduce waste
and increase operating efficiencies.
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Power supply trouble?

4-Day Lab Design Workshops: 7-10 January 2014, Atlanta, GA USA
3-6 February 2014, Cambridge UK

Need help with your current project? Want to become a more efficiency. Intensive voltage-mode and current-mode models
efficient designer? Our mission is to teach and clarify the power  and design procedures are given and confirmed in the lab.
supply design process. Regardless of the power converter

you are working on, this essential hands-on workshop will
provide the needed skills in topologies, magnetics, and

control to be a much more focused and efficient designer.
Design and build two real-world converters at 25 W and 60 W in
the afternoon laboratory, and measure ringing waveforms and Visit our website to register. WWW.RIDLEYENGINEERING.COM

< RIDLEY ENGINEERING

Ridley Engineering Europe Rue St Joseph Monpazier 24540 FR  +33(0)553 278720 UK: 444 (0) 1509 276 245
Ridley Engineering, Inc. 3547 53rd Avenue West Suited 347 Bradenton, FL 34210 USA +01941-538-6325 info@ridleyengineering.com

New: digital control introduction

As part of the control series, Dr. Ridley will give an introduc-
tion to digital control. He will discuss where to apply it, the
advantages and disadvantages, and the impact on your project.


http://www.ridleyengineering.com

Package

RDS(nn)

Max@
10Vgs (mQ)

Q, Typ
(nc)

Ultra-Low R
Automotive COOLIiRFET®

1, Max
(A)

RthjC
Max

DS(ON)

Part Number

0.75 305 240 0.40°C/W AUIRFS8409-7P
D?PAK-7P 1.0 210 240 0.51°C/W AUIRFS8408-7P
13 150 240 0.65°C/W AUIRFS8407-7P
1.2 300 195 0.40°C/W AUIRFS8409
1.6 216 195 0.51°C/W AUIRFS8408
D?PAK 1.8 150 195 0.65°C/W AUIRFS8407
2.3 107 120 0.92°C/W AUIRFS8405
33 62 120 1.52°C/W AUIRFS8403
1.2 300 195 0.40°C/W AUIRFSL8409
16 216 195 0.51°C/W AUIRFSL8408
T0-262 18 150 195 0.65°C/W AUIRFSL8407
2.3 107 120 0.92°C/W AUIRFSL8405
33 62 120 1.52°C/W AUIRFSL8403
1.3 300 195 0.40 °C/W AUIRFB8409
T0-220 2.0 150 195 0.65 °C/W AUIRFB8407
25 107 120 0.92 °C/W AUIRFB8405
1.98 103 100 0.92 °C/W AUIRFR8405
DPAK 3.1 66 100 1.52°C/W AUIRFR8403
4.25 42 100 1.90 "C/W AUIRFR8401
1.98 103 100 0.92 °C/W AUIRFU8405
IPAK 3.1 66 100 1.52 °C/W AUIRFU8403
4.25 42 100 1.90 °C/W AUIRFU8401

For more information call +49 (0) 6102 884 311

or visit us at www.irf.com

The new International Rectifier
AEC-Q101 qualified COOLIRFET®
technology sets a new benchmark with

its ultra-low R The advanced silicon

trench technology has been developed
specifically for the needs of automotive
heavy load applications offering system
level benefits as a result of superior

Rosony rObUSE avalanche performance

and a wide range of packaging options.

The COOLIRFET® Advantage:
* Benchmark Ry,

e AEC Q101 qualified

e High current capability

 Robust avalanche capability

Key Applications:

® Electric power steering
 Battery switch

® Pumps

® Actuators

e fans

® Heavy load applications

International

Rectifier

THE POWER MANAGEMENT LEADER


http://www.irf.com



