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Turns Any
Switching Regulator

Into a Charger

Complete Solution: PowerPath™ Control & Termination with No Software

The LTC®4000 is a high voltage controller and power manager which, when paired with a DC/DC converter, becomes a
full-featured battery charger solution. The LTC4000 is capable of driving virtually any topology, including buck, boost,
buck-boost, SEPIC and flyback converters. Its intelligent PowerPath manager provides power to the system load when
input power is available, enabling instant-on operation even with a deeply discharged battery. A full-featured controller,
the LTC4000 can charge a variety of battery types including lithium, nickel and lead acid-based chemistries. Highly accurate
charge current and float voltage, as well as on-board termination, ensure safe and accurate charging.
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128 SAMPLES AVAILABLE!

¢ Input/Output Voltage: 3V to 60V L e www.linear.com/product/LTC4000
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FLOAT ’ ping function, the electrical performance of the IGBT 2-level and multilevel topologies
can be fully exploited while keeping the SOA of the DIC-20 electrical interface
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Extend Your Battery Life!

with Micrel's "Green Power” Regulators
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Visit us online for exclusive content; Industry News, Products,
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2.7V to 5.5V 0.47pH Down to 0.7V Reviews, and full PSD archives and back issues

» Ultra High Efficiency — > 93%
> Ultra Small Size — 2.5 x 2.5mm
» Ultra Powerful — 2A

» Ultra Fast — 4MHz
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2.5mm x 2.5mm
Thin MLF®

MIC23155 delivers extremely high efficiency for
portable products and green home/office appliances.
Micrel's HyperLight Load® Regulators save precious
power over the entire load range for 'Green’' Devices.

The MIC23155 features internal MOSFETs able to
deliver up to 2A output current while consuming
just 23pA of quiescent current inside an ultra
small 2.5mm x 2.5mm Thin MLF® package.

For more information, contact your local Micrel
sales representative or visit Micrel at: www.micrel.
com/ad/mic23155.

© 2011 Micrel, Inc. All rights reserved.
Micrel, ion Through
MLF and MicroLeadFrame are regi:

and HyperLight Load are registered trademarks of Micrel, Inc.
tr of Amkor gy, Inc.

Ideal for use in:

Mobile handsets

Portable media/MP3 players
Portable navigation devices (GPS)
WiFi/WiMax/WiBro modules

Solid State Drives/Memory
Wireless LAN cards

Portable applications
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COMMS AT ACOST

Welcome to this issue where we are featuring the Communications sector. Here in Europe,
it is just incomprehensible to imagine the way we live and work today without the richness
and connectivity that modern communications provides — even with the excessive roaming
charges we have to suffer.

We can be connected by all our mobile devices as never before. The communications systems
we take for granted today are so rich in features, all of which require power and sophisticated
power management for remote or portable operation.

Not only this, but the service providers and data centres are becoming ever more powerful
and have a driving need for better power efficiency which also is facilitated by our industry
innovations.

In this issue of PSD we are covering not only the issue of powering efficient communications
systems, but also how companies are coping with this particular design conundrum. For
instance our PowerPlayer features Alex Lidow of EPC, the Gallium Arsenide Company’s CEO
with his interesting perspective.

We are seeing our industry pioneer the powering and supporting of this burgeoning industry
right from micropower management of portable devices to the heavy duty requirements of
the cellular and datacenter installations. Good for our business in the power sector, but very
challenging.

Additionally, navigation features are becoming standard in smartphones like Apple Inc.’s
iPhone as well as in tablets and gaming devices, the market for electronic compasses is set
to close this year with sizable 73% growth, according to a new IHS iSuppli MEMS & Sen-
sors special report on magnetic sensors from information and analysis provider HIS. Global
revenue for electronic compasses is expected to reach $419.1 million in 2011, up from last
year's $242.3 million. The hefty growth this year continues the explosive 186% surge seen by
the market in 2010, with strong double-digit expansion assured for the next few years as well.
By 2015, revenue is projected to amount to $842.2 million, an increase of more than threefold
from 2010.

There is much more in this issue. Please keep your feedback and opinions coming in, and
check out Dilbert at the back of the magazine.

All the best

Cliff

Cliff Keys

Editorial Director & Editor-in-Chief

Power Systems Design
Cliff.Keys @ powersystemsdesign.com
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Does your digital power-supply design require high
performance flexible on-chip peripherals?...
Control complex Digital Power applications and save power

Microchip’s new dsPIC33F ‘GS’ Series DSCs provide on-chip peripherals including
high-speed Pulse-Width-Modulators (PWMs), ADCs and analogue comparators,
specifically designed for high performance, digital power supplies.

The powerful dsPIC33F ‘GS’ series is specifically aimed at power control applications and can be
configured for a variety of topologies, giving power-supply designers the complete freedom to
optimise for specific product applications. Multiple independent power control channels enable
an unprecedented number of completely independent digital control loops. The dsPIC33F ‘GS'
series offers the optimal digital power solution supported by royalty free reference designs and
advanced power design tools.

Typical applications of the new ‘GS’ series DSC include: Lighting (HID, LED, fluorescent),
uninterruptable power supplies, intelligent battery chargers, AGDCand DG-DC power
converters, solar and pure sine-wave inverters, induction cooking, and power factor correction.

- Digital control loops with up to 18 high-speed, 1 ns resolution PWMs

« Up to 24 channels 10-bit on-chip ADCs

» 2to 4 Million samples per second (MSPS) ADC for low latency and high-resolution control
« Pinrange — 18 to 64

« Up to 64KB Flash memory

microchip
EERECT

www.microchipdirect.com

www.microchip.com/smps

dsPIC33F ‘GS’ Series Plug-In Module — MA330024

GET STARTED IN 3 EASY STEPS

1. Purchase a new ‘GS’ Series
Plug-In Module

2. Download Digital Power Reference
Design

3. Order samples and start designing!
www.microchip.com/SMPS
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DEMANDING COMMS
APPLICATIONS

Linear Technology products provide the
essential bridge between our analog
world and the digital electronics in
communications and networking.

igital predistortion is a

closed-loop feedback

system that samples

the distortion band-
width at the output of the base
station transmitter and adjusts the
input signal to cancel the power
amplifier’s intermodulation distor-
tion products. This enables the
transmitter to operate at its high-
est efficiency, 1dB compression
point, where the power amplifier
(PA) response is nonlinear.

Linear Technology Corporation
has introduced a family of dual
(LTC2158-14) and single (LTC2153-
14) high IF sampling 14-bit,
310Msps analog-to-digital convert-
ers (ADCs) designed specifically
for wide bandwidth digital predis-
tortion (DPD) linearization appli-
cations.

Due to prior limitations in the per-
formance of available ADCs, trans-

mit bandwidths were limited to 20-

40MHz; depending on whether an
IF sampling or |/Q sampling DPD
architecture was implemented.

To linearize a transmit bandwidth

of 20MHz, the feedback loop for
the linearization algorithm must
acquire fifth order intermodula-
tion products out to 100MHz (five
times the transmit bandwidth),
requiring a 12-bit ADC with a mini-
mum sample rate of 200Msps for
IF sampling, or 100Msps for I/Q
sampling.

Due to increasing data demands
from mobile users, next-generation
base stations are being architected
to achieve much higher transmit
bandwidths of up to 60MHz.

To linearize a 60MHz transmit
bandwidth requires an ADC with

a minimum resolution of 14-bits
and an |/Q sampling architecture
with a minimum sample rate of
300Msps. In addition, the closed
loop DPD algorithm requires short
latency in the feedback path to
achieve better efficiency in the PA.

The LTC2158-14 is the first dual,
310Msps ADC on the market to
enable linearization of transmis-
sion bandwidths up to 60MHz
using 1/Q sampling, and offers
a short pipeline latency of just 5
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clock cycles for fast adaptation.
The single version, LTC2153-14, is
ideal for IF sampling architectures
with transmit bandwidths of up to
30MHz.

Operating from a single 1.8V sup-
ply, the dual LTC2158-14 consumes
362mW/channel at 310Msps and
offers signal to noise ratio (SNR)
performance of 68.8dB and SFDR
of 88dB at baseband with an easy-
to-drive 1.32Vp-p input range. The
LTC2158 and LTC2153 are part of a
pin-compatible family of 170Msps
to 310Msps dual and single ADCs,
offered in 14-bit and 12-bit resolu-
tions. Analog full power bandwidth
of 1.25GHz and ultralow jitter of
0.15psRMS enables undersampling
of IF frequencies with excellent
noise performance.

Available in commercial or indus-
trial temperature grades, demon-
stration boards and samples are
immediately available. The com-
plete product family can be found
at:

www.linear.com/hsadc

Simplify the demands of driving
high-voltage electrostatic deflection
circuits in scientific instrumentation.

PA34X Series Power Amplifier ICs

Cirrus Logic understands the challenges of

designing high-voltage drives for deflection

circuitry. The PA34X series of low-cost power

amplifier ICs features Apex Precision Power®
technology to achieve voltage operation of up to 330 volts and
up to 660 volts in bridge configuration.

1 ~ in high-precision analog + digital signal processing
Fl rStChOICG components for the audio + energy markets.

© 2071 Cirrus Logic, Inc. All rights reserved. Product information is subject to change without notice. Cirrus Logic, Cirrus, Apex Precision
Power, and the Cirrus Logic, Apex, and FirstChoice logo designs are now trademarks of Cirrus Logic, Inc. Other brand and product names
may be trademarks or service marks of their respective owners.  PSDEN201

Image sampling magnified
500,000X via scanning
electron microscopy (SEM).

PA34X Features:

 High continuous output current:
60 mA, with 120 mA PEAK
Maximum standby current: 2.5 mA
Slew rate: 40 V/pus
Multiple packaging options available

Zoom in at www.cirrus.com/psdepa34x

and register for a free sample.

CIRRUS LOGIC
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POWERplayer

WHY GaN POWER

TRANSISTORS NOW?

Enhancement mode GaN power transistors
such as EPC’s eGaN® FETs are available to
designers wanting to improve the efficiency and

power den5|ty of their power conversion systems.

mple evidence has

been presented to

show that, regardless

of the topology, eGaN
FETs perform better than the best
power MOSFETs in applications
needing 200 V or lower devices.
Buck converters are being built
with frequencies above 1 MHz and
with efficiencies comparable to 250
kHz MOSFET-driven POLs. Eighth
Brick isolated converters are being
built with unprecedented output
power capability. The same is
true for half-brick converters used
in PoE-PSE applications. These
power conversion systems have
been joined more recently by two
new applications that emphasize
even more the performance dis-
crepancy between eGaN FETs and
the aging power MOSFET.

RF envelope tracking has been
around for a long time, but the
performance of power MOSFETs
or LDMOS FETs have not been
able to simultaneously deliver

the power, voltage, and frequency
capability required. In this appli-
cation, the DC-DC converter that
is used to bias an RF power am-
plifier can be replaced by a power
supply that accurately tracks the
modulated signal sitting on top of
the RF carrier signal. By tracking
this “envelope” the RF transis-

tor does not dissipate as much
power between the signal and the
bias voltage. More power can be
delivered by the same RF amplifier,
or less energy is used for the same
power delivered to the antenna.

RF envelope tracking requires a
combination of high power, high
voltage, and high frequency. eGaN
FETs perform well to these require-
ments.

In wireless power transmission it
has been demonstrated that elec-
trical energy can be efficiently and
safely transmitted over distances
as large as a half-meter. This
recent development will, over the
next few years, start to replace the

WWW.POWERSYSTEMSDESIGN.COM

wall sockets and all the cables and
extension cords we use to deliver
power to our electrical appliances.
We should start seeing these wire-
less power transmitters in late
2012. The first ones will be de-
signed to power (or recharge) our
smartphones. Next will be units
to power laptops and displays,
followed by power transmitters for
all the appliances in our home and
even our electric vehicles. eGaN
FETs provide the combination of
high frequency switching at high
voltage and high power than make
these wireless transmitters more
economically viable.

As happened with the power
MOSFET thirty years ago, gallium
nitride transistors will reorganize
the power management landscape
such that new leaders and new ap-
plications will emerge, and market
growth will accelerate independent
of macroeconomic factors.

r,:a

IGBT Snubbers -9
RF Mica Capacitors
DC Link Capacitors
-High Current, High Voltage Film
-High Capacitance Aluminum Electrolytic
AC Output Harmonic Filter Capacitors

CORNELL

CDE DUBILIER
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MARKETwatch

POWER MARKET OUTLOOK
REMAINS STRONG

inventory levels remained high.

he Fukushima disaster
in March introduced
uncertainty over
component supply to
the market and led to additional
orders for suppliers outside of
Japan as customers sought to
eliminate the risk of having to
reduce their own production.
This drove higher growth in the
second quarter of 2011 with a
sequential increase of almost 5%,
however, a disappointing result
in the third quarter for many, and
a ‘double-dip’ recession looming,
has left suppliers uncertain about
what to expect for short and
long-term market growth.

The outlook for power ICs is
somewhat better over the next
few quarters. This contrast in
growth is driven by demand in
end-applications which have
high power IC content. The on-
going shift of consumers to
smart phones continues to

drive revenue growth of power
ICs such as DC-DC switching
regulators, PMUs and battery
management ICs. Smart phone
adapters also favour an AC-
DC regulator solution (with an
integrated FET) rather than a
solution using power discretes.

Infineon Technologies remained
the largest supplier to the power
semiconductor market in the first
half of this year, growing share
from 9.6% to 9.9% in the second
quarter of 2011. The remaining
top five suppliers are made up

of STMicroelectronics, Texas
Instruments, Renesas Electronics
and International Rectifier.

Texas Instrument’s recent
acquisition of National
Semiconductor should
strengthen its position as the
largest supplier of power ICs,
moving it to second position
overall. Texas Instruments held
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2011 has been an unsettled year for power
semiconductor manufacturers. Revenues in
the Q1 of 2011 grew by less than 1% over Q4,
as end-equipment demand weakened and

an estimated 5.0% share of the
overall power semiconductor
market in 2010, whilst National
Semiconductor held an
estimated 2.7%. In comparison
Infineon Technologies was

the largest supplier with an
estimated 9.4% market share
and STMicroelectronics was the

second largest with a 6.4% share.

All of these suppliers will be
bracing themselves for a tough
few quarters, but also preparing
for the future growth ahead of
the industry in the long-term.

By Ryan Sanderson
Senior Market Analyst
IMS Research
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POWER SUPPLY DEVELOPMENT
DIARY PART XVII

In this article, the loop gain of the five-output
forward converter is measured and compared
to predictions. The final loop design is

compensated with a combination of theoretical design and
empirical measurements, resulting in a Type | compensator for

optimal results.

easuring the Loop

of a Five-Output

Forward

Figure 1 shows
a five-output forward converter
with coupled inductors. In the
last article of this series, the
control-to-output transfer func-
tion was measured, and found to
have significant differences when
compared to the predictions.
The discrepancies were due to
the coupled-output structure
of the converter, and parasitics
of the magnetics. This leads to
measurement results that can be
difficult to predict.

After measuring the control-to-
output transfer function, the
compensation was designed,
and the control loop was mea-
sured as shown in Figure 1. The
loop was closed and measured
on the 12 V output of the power

supply. Normally, a Type Il ampli-
fier would be used for a current-
mode control loop. However, the
characteristics of the coupled-
inductor design provide an area
of increasing

measurements. It can be seen
that there are discrepancies in
the measurement and prediction
at all frequencies. This is a com-
mon result for multiple-output

. . L.
gain in the A o
° >
control-to- J g £/ = 20000
«L >
output trans- / L
. T, e - MT» out2
fer function Vo L v g | .
with a cor- = %>
1c
responding J - M\r» out3
x
phase lead. ST
This allows — =  outa
Drives .
us to use a E x 2000uF
. . Current >
simple in- i L,
o/ Y Y\
tegrator, or i. T v 1 Lop O
Type | com- 4; S : g
pensation. Loop Input 7, it
Figure 2
shows the
results ob-
tained for
the loop gain
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switching power supplies, which
is one of the reasons that mea-
surements are crucial for ensur-
ing stability of hardware designs.
Rarely are the models accurate
enough for coupled-inductor
power stages to properly predict
stability of the system and ensure
a reliable product.

It is important to understand
which factors affect the discrep-
ancies in the loop predictions
and measurements. There are
two blocks of the system that
must be explored — the power
stage and the compensation
network. Both of these blocks
can vary significantly from their
theoretical predictions.

Predicted Loop Using Power
Stage Measurements

In the last article of this series,
the variation in measurements
and predictions were discussed
for the power stage gain. The

curves are repeated below in
Figure 3.

Variations of the power stage
model were due to inaccura-

cies when the coupled-inductor
output is modeled as a single-
output converter. Very little has
been written on this topic since it

the predicted results. The AP300
analyzer system, working with the
design software POWER 4-5-6 [2-
3], takes the measured results for
the power stage, and cascades
this with the predicted transfer
function of the operational am-
plifier circuit.
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Figure 4 shows the measured
loop gain versus the combination
of the measured power stage
and the predicted compensator.
It can be seen that the predic-
tion and measurement are now
much closer to each other. Varia-
tions still persist in the very low-
, and very high-frequency regions
of the measurement. Since the
predictions of this loop gain use
the actual measurements of the
power stage, these remaining
discrepancies suggest that the
operational amplifier does not
perform according to the predict-
ed model.

The crossover frequency of the
loop is at approximately 3.5 kHz,
and the measured phase mar-
gin was 68 degrees. This was
achieved using a very simple
Type | compensator.

Limitations of the Operational
Amplifier

To measure the operational
amplifier response, we can still
inject a signal with the same
circuit shown in Figure 1. The
amplifier response is obtained

POWER SYSTEMS DESIGN NOVEMBER 2011

by connecting Channel A of the
AP300 Analyzer to the output of
the power supply, and Channel B
to the output of the error ampli-
fier. The measured and predicted
responses are shown in Figure 5.

There are two areas of varia-
tion in Figure 5. One is at low
frequencies, up to 100 Hz, and
another is at high frequencies,
from 100 kHz. At low frequen-
cies, the open-loop gain limit
of the operational amplifier is
encountered. This is specified as
a worst-case of 65 dB in the data-
sheets, and measured at around
70 dB. Careful measurement is
needed to extract this data, and a
large injection signal is required
to get clean results. At high fre-
quencies, the gain-bandwidth
limitation of the amplifier is
encountered. This is often lower
than expected due to the high-
noise environment in which the
amplifier must operate.

There are practical limitations
to how much both of these re-
gions can be improved. The gain
limitation at low frequencies
can be difficult to improve upon

due to noise

made to work
with the actual
measured power
stage rather than
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at the ampli-
fier terminals.
Although this
noise is at
a very high
frequency, it

still carries

120
Power 4-5-6

100 Prediction

80

60 AP300
40 Measurement
20

0
-20

10 100 1k 10k 100k ™

Frequency (Hz)

low-frequency

modulated
information. It
is quite com-

mon to require bypass capaci-
tors across all three terminals
of the operational amplifier to
improve the noise issue.

The gain-bandwidth problem is
also hard to overcome. Working
with a higher performance ampli-
fier usually exacerbates the noise
problems, and makes the con-
verter impossible to control.

Summary

The control loop on the five-out-
put converter was closed using
a Type | compensator. This was
possible since the complexities
of the coupled-inductor power
stage model introduce a zero in
the measurements that makes
a Type |l compensator unneces-
sary.

Reliable design of the feedback
loop is done using a combination
of the measured power stage,
and predicted feedback compo-
nents. The final measured result
is close to predictions, with
discrepancies at low and high
frequencies caused by the limita-
tions of the error amplifier.

Author: Dr. Ray Ridley
President
Ridley Engineering
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DATACENTER POWER

ARCHITECTURE

System engineering and analysis on central-office

datacenter power

By Maurizio Salato

Telecom Central Office Datacenters have seen rapid evolution
in terms of the architecture of their power supply arrange-
ments; a number of different approaches have been used in
relatively quick succession and, indeed, more than one ap-
proach may be found within a single installation.

his article considers a
number of embedded

power supply architec-
tures for Telecom Cen-

tral Office Datacenters, looked
at on a system perspective. Tra-
ditionally, power supplies were
a simple service function; each
major unit within a facility such
as a datacenter had its specified
requirements in terms of the
number and level of its voltage
rails, and the current that had
to be provisioned in each case.
If there were safety and protec-
tion requirements — voltage or
current limits that, if exceeded,
would be regarded as indicat-
ing a fault condition — then the
response to those conditions
would typically be a local trip

or shut-down with, at most, a
simple flag being set to indicate
the existence of a problem.

The hardware that met those
requirements changed only slowly
over many years; the power sup-
ply in the form of the rectangular
metal enclosure or “brick” was a
familiar system component; self
contained, autonomous voltage-
in, voltage-out devices. Whether
custom-designed or sourced from
a standard range, they invariably
resided in any available space with-
in — or even outside — the cabinet
or rack, but had minimal mechani-
cal and electrical integration with
the host system.

Recent years have seen a rapid,
and accelerating, pace of change
in the design of such central-office
systems in terms of their power

— both computing or data through-
put power, and the electrical power
required to deliver it —and in levels
of integration, and power density.
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Power density, in fact, has been
one of the fastest-moving param-
eters, irrespective of whether it is
measured at circuit-board, rack,
cabinet or total system level, and
one of the key challenges in power
supply provisioning has been to
accommodate and to keep pace
with its growth. Alongside, and
intimately connected with, higher
power, higher density, higher input
voltages, and higher load currents
sits the overall requirement to
achieve higher efficiency. Reducing
losses in the power supply sub-
system lowers the heat dissipated
within the system, with conse-
quent reduction in the burden

on cooling arrangements, boosts
reliability by reducing component
temperatures, assists with improv-
ing the environmental credentials
of the installation and — far from
insignificant at a time of escalat-

ing power tariffs — helps to contain
rising power bills.

Many of the changes forced

on power supply architectures
can be traced to the evolution

of microprocessors and other
semiconductor devices. Succes-
sive generations operate at lower
voltage levels while consuming
higher currents; the processing
power they deliver per Watt has
grown rapidly but this has not, in
general, led to any reduction in
power dissipated in a given card
or rack. Rather, throughput has
risen dramatically while power
density has at best grown at a
more modest pace. High currents
and low voltages force regulation
closer and closer to the point of
load; otherwise, currents of many
tens of Amps, routed over any
physically-feasible PCB or wiring
structure, suffer voltage drops
that are unacceptable as a propor-
tion of a rail that may only be 1V
or even less.

The disparity between such low
voltage levels at the point of
load, and the traditional telecom
system-supply rails of (typically)
48V has stimulated an evolution
in hierarchical power distribution
architectures. For a majority of
applications implemented today,
the Intermediate Bus Architec-
ture (IBA) has been the preferred
power architecture. This power
architecture has led to the de-
velopment of the isolated, semi-
regulated DC/DC converter
known as the Intermediate Bus
Converter (IBC).
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Fixed ratio Bus Converters that
employ a new power topology
known as the Sine Amplitude
Converter (SAC) offer dramatic
improvements in power density,
noise reduction, and efficiency
over the existing IBC products.
The power systems designer faces
the challenge of providing small,
cost effective and efficient solu-
tions that keep pace with — or
preferably, exceed — the trends in
system voltage and current iden-
tified above. Traditional power
architectures cannot, in the long
run, provide the required perfor-
mance. Vicor’s Factorized Power
Architecture (FPA), and the imple-
mentation of VeI Chips, provides
a revolutionary new and optimal
power conversion solution that
addresses all of these challenges.
The technology behind these
power conversion engines used in
the IBC and V.l Chips has a direct
bearing on the designer's ability
to respond to changing power
supply demands.

System view

A systematic approach to parti-
tioning shows that several func-
tions need to be accomplished,
while each architecture offers

different building blocks. System
functions are summarized in Table
I. These functions present some
trade-offs, which need to be con-
sidered: for example

DC step-down ratio vs. effi-

ciency

« Load voltage vs. efficiency

- Battery cells (humber and
size) vs. backplane voltage
range.

«  Bus conductor section and
current level vs. losses.

«  The environment in which the

typical datacenter operates is

also changing, which adds an

extra dimension to the ma-

trix a recent trend is towards

adoption of High Voltage DC

infrastructure distribution

instead of standard AC line.

IBA and FPA

The essential features of an Inter-
mediate Bus Architecture (IBA) are
that it distributes semiregulated
42-50V voltage (therefore taking
advantage of reduced distribution
losses); then, by means of an iso-
lated, nonregulated Bus Converter,
this voltage is approximately re-
duced by a factor of 4 (or 5), while
the voltage reference is changed

Block Functions
Power Entry Module - AC/DC voltagf_: conversion
- Isolation
DC backup - System availability through line faults

- Interface with backplane distribution

Distribution

- Efficient power transmission

Point-of-Load -

- Isolation from Backplane
Step-down DC/DC conversion
- Load voltage regulation

Table 1. Major functional aspects of the power-supply system hierarch
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from positive to negative (interme-
diate bus). This intermediate 9-12V
bus enables non-isolated Point-
Of-Load converters (niPOLs) to
provide final step down and regu-
lation function at the same time.

The Factorized Power Architecture
(FPA) represents a further evolu-
tion onwards from IBA: the high
efficiency, fixed ratio, isolated but
not regulated converter is used as
Point-Of-Load device, providing
isolation and current multiplica-
tion directly from 48V; upstream,
a non isolated device provides
voltage regulation by dynamically
adjusting the 48V “Factorized Bus”
slightly above or slightly below
48V. This avoids the need for the
intermediate bus altogether, there-
fore further increases distribution
efficiency.

A state-of-the-art configuration for
an IBA for a 48V telecom system
is shown in Figure 1. Each stage
accomplishes two main functions,

sal input voltage line, and provides
an isolated output. Similarly, the
niPOL comprises a standard, off-
the shelf single or multiphase
Synchronous Buck converter,
which can deal with a relatively
wide input range while providing
accurate Load regulation. The bus
converter is a fixed ratio electronic
transformer device that interfaces
the 48V backplane with the 9.6V or
12V (nominal) intermediate bus.
In terms of total life-cycle cost, all
three stages have achieved ex-
tremely high performances, with
commodity level acquisition costs,
and peak efficiencies well in ex-
cess of 90%. In order to minimize
intermediate bus losses, the IBC is
placed as close as possible to the
niPOL it supplies.

The dotted lines in Figure 1 also
show where the various blocks
are located: DC backup and AC/
DC PEM are normally stand-alone
systems, sized to supply an en-
tire rack through the distribution

to be achieved.

« IBCs are available as open-
frame, through-hole devices
with power ratings ranging
from few hundred Watts to
one kilowatt; as such, they can
effectively be placed close to
one or a few niPOL regulators.

«  niPOL regulators are standard
synchronous buck convert-
ers that are tailored to each
specific load.

«  The major drawback of this
configuration is that blocks at
rack level are generally over-
sized, which implies an added
initial cost and higher energy
cost because they do not oper-
ate at their peak efficiency.

A possible FPA for a typical sys-
tem is shown in Figure 2. It still
consists of three stages of power
conversion; while the Adaptive
Cell PFM first stage is function-
ally equivalent to the AC/DC PEM
block in the IBA, the load regula-
tion function is now accomplished

Switch Card or Server Mainboard

36- 55V 0-55V
= — PRM }—{

0-12v -

~48V l l 0-55V ‘ 0-12v
PRM V™M Load | :
| PRM [— e Lo

Rack Backplane Switch Card or Server Mainboard Backplane
T 8-12V or
L[V 10-15V ==
= ﬁ et nPoL H
DC backup DC backup
8-12V or {
5 Power Entry | ~48V [ [10-15V | 0.8-6V H i Adagil
265V ] Module (PEM) IBC niPOL Load |} apiive Gel
) — = e | | | 5 PFM
. Isolation Isolation Step-down . Isolation
FUNGTIONS;: Regulation Transformation Regulation FUNGTIONS: Regulation

Isolation

Regulation Transformation

Figure 1. Intermediate Bus Architecture

as listed in the diagram. An aspect
to note about this structure is that
the first stage (AC/DC Power Entry
Module, PEM) is a high power,
highly optimized commodity
device, which takes care of power
factor correction (often from single
or three phase lines) on a univer-

block diagram

backplane. IBCs and niPOLs are

either discrete or modular devices

that are soldered on each unit

Mainboard. Further points to note

include;

- Having larger, stand-alone AC/
DC converters allows lower
cost and higher peak efficiency
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Figure 2: Factorized Power Architecture block diagram

by a non-isolated converter, the
PRM. This converter works with an
input line range of 36V to 55V, and
outputs a “factorized bus” that can
range from oV up to 55V.

The VTM stage is enabled by
the same topology used in the

IBC (in effect, an electronic “DC
transformer”), and provides both
effective current multiplication (by
a fixed factor), and isolation. Com-
pared to IBC, FPA offers significant
system advantages:

«  The factorized bus is normally
maintained above 40V, re-
ducing losses and conductor
cross-section requirements on
the Mainboard.

+  The Load voltage that can be
regulated has a wider range,
given the factorized bus range
and the availability of various
VTM transformer ratios.

+ Just like IBCs, PRMs and
VTMs are power components
that can be directly soldered
on the Mainboard PCB

« The PFM is also a power com-
ponent that can be mounted
on PCB.

« In this case also, the dotted
lines show where the various
components are ideally locat-
ed. It is clear that FPA offers
the possibility of integrating
the entire power supply within
each unit, potentially avoiding
any 48V distribution at rack
level.

«  Given the ever increasing
power density of DC backup
systems, it is conceivable to
integrate that block at Unit
level as well, rather than at
Rack level. This approach of-
fers a number of advantages;
Each Switch or Server unit is
fully autonomous and does
not depend on infrastructure,
even just at rack level

+  The entire supply system,
being more granular, can be
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tailored more closely to actual
power levels of use, therefore
maximizing conversion effi-
ciency and minimizing acqui-
sition costs

- Low voltage levels are gener-
ated within, and confined to,
close proximity of the Load,
minimizing distribution re-
quirements and losses.

FPA flexibility is also evident when
a high voltage DC supply is avail-
able: in this case, by simply substi-
tuting the Adaptive Cell PFM block
with a High Voltage Bus Converter
module (BCM), the same system
can be efficiently powered, as
shown in Figure 3.

Converter topologies

Three converter topologies con-
tribute to enabling efficient, PCB-
mountable power components for
both IBC and FPA; these are the
Sine Amplitude Converter (SAC);

frequency, equal to the resonant
frequency of the primary side tank
circuit, as shown in Figure 4. The
entire powertrain (primary and

LOAD
Cres I
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wl wly L

- Sz /Veur
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Figure 4: Sine Amplitude Converter
topology and waveforms

secondary) is locked to the natural
resonant frequency of the tank and
is switching at primary current ze-
ro-crossing points both at turn-on
and turn-off, eliminating switching
losses in the transistors and reduc-
ing the generation of high order
noise harmonics. The current in
the primary resonant tank is a
pure sinusoid rather than a square

wave or a
Backplane Switch Card or Server Mainboard .
: partially
35 55V 0-55V 0-12v i . .
— ; sinusoidal
| = e |
| DCbankup waveform;
TN 45-50V | 0-55V 0-12v because
o/ BoM e VM 5 it does
"""""""" : not rely
. Isolation . Isolation
FUNCTDNS'Transformation Regulation Transformation on Closed
. ) . . loop opera-
Figure 3: FPA with High Voltage DC infrastructure block pop
. tions, but
diagram
on voltage

Zero-Voltage-Switching Buck-Boost
Converter (ZVS-BB); and Adaptive

Cells, Double Clamp Zero Voltage

Switching Converter (DC-ZVS).

The Sine Amplitude Converter is a
transformer-based series-resonant
topology that operates at a fixed

imbalance across its resonant
tank, its dynamic performance is
effectively broadband, up to 2/3 of
the switching frequency.

In response to a load step on the
secondary, the Sine Amplitude
Converter reacts by increasing the
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Figure 5: Zero Voltage Switching Buck-Boost

Converter topology and waveforms

amplitude of the sinusoidal cur-
rent on the primary resonant tank.
The dynamic behaviour associated
with this transient is only limited
by resistive elements in the con-
duction path and the time con-
stant associated with filter capaci-
tors' energy depletion, being the
primary current driven by voltage
imbalance across the tank.

The Zero Voltage Switching Buck-
Boost Converter is a conventional
buck boost topology with a non-
conventional modulation scheme
(Figure 5). It is operated in discon-
tinuous mode, with the majority
of the power processed with the
powertrain inductor directly con-
nected between the input and the
output (Phase 2 in Figure 5). Prop-
er switch timing ensures that all

WWW.POWERSYSTEMSDESIGN.CO

exceed 97% efficiency.

A unique feature of
this topology is the complete sym-
metry with respect to the input
and output line. This device acts
as system regulator, taking care at
the same time of both input varia-
tion, and load regulation. How-
ever, in nominal conditions, it is
called upon to compensate only
for minimal variations, therefore
further maximizing efficiency.

The Double Clamp Zero Voltage
Switching Converter (DC-ZVS)
consists of two cells with the same
topology — DC-ZVS — configured
dynamically (that is, automati-
cally switched as required) either
in series or in parallel, in order to
efficiently interface a wide variation
of its input voltage. The Double
Clamp consist of a standard isolat-

M

Switching Converter topology

ed converter with unconventional
modulation and storage elements,
which ensure all the switches are
turned on either at zero voltage or
zero current. This enables switch-
ing frequencies in the MHz range
with efficiency above 95%. The
Adaptive Cell feature allows the
converter to operate at the same
efficiency over universal input
range.

Conclusions

Advances in power conversion
technology enable power supply
systems to be effectively built and
integrated on board as power com-
ponents. This paradigm shift re-
quires a revision of current system
architectures, in order to take fully
advantage of power density and
efficiency, and reduce total cost of
ownership.

Author: Maurizio Salato
Applications Engineering

V-1 Chip Inc., a VICOR Company
Andover, MA — U.S.A.
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MANAGING THE POWER

Simplifying total energy management

By: Alan Elbanhawy

Energy management techniques have emerged as competitive
and differentiating features of electronic equipment.
Traditional DC-DC Integrated Circuit (IC) point solutions have
focused on optimizing single power parameters via fine tuning
of components. That is no longer sufficient or practical for
managing system energy consumption under real-time and
multi-variable operating conditions.

his article describes a
novel new approach to
energy management
in electronic devices
through use of DC-DC converters
with the ability to monitor and
control several aspects of their
sub-power delivery system on the
fly. Using digital interfaces on new
multi-rail power management
units, system designers can now
go far beyond just high-efficiency
static designs. In this article, a
description of this approach and
the key parameters required for a
Total Energy Management (TEM)
implementation will be analyzed.

What is Total Energy Management?
Traditionally power system
designers have focused heavily

on efficiency of power conversion
as an end objective of the design.
This is because limited interaction
or data exchange has been

possible between the power sub-
systems and rest of the designs.
Power subsystems are manually
optimized at the time of design
and are not part of a dynamic and
adaptive loop based on real-time
operating state of the equipment.
Total Energy Management is an
approach that not only provides
high-efficiency power conversion
ICs, it also focuses on total system
efficiency. The objective is to
dynamically control the power

by monitoring the environment
resulting in truly efficient system
designs — not just of power sub-
conversion.

Another important aspect of a
power subsystem design is the
amount of radiative or conductive
noise energy that it creates. Most
modern power supplies are based
on switching mode operation
where large amount of currents

/ Real Time
Power &

Health
Monitoring 4

HighEFF& Y
Ultra-low |

Figure 1: The Total Energy
Management approach to design

are being switched on clock edges.
That can lead to both conductive
and radiative emissions. Managing
these emissions can be a
challenging and costly affair, both
in terms of bill-of-material costs
and engineering time. Minimizing
these emissions systematically

at the source is part of the TEM
approach of power system design.
Implementation of Total Energy
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Management requires features
such as (see Figure 1):

+  Real-time energy monitoring
— like input power
measurements, power system
health monitoring on a
continuous basis

« High efficiency conversion
—including light load
management, ultra-low
standby power and sleep-
mode power

«  Fast system dynamic
response and sequencing
control — including the ability
to rapidly change operating
mode of the device from
continuous to discontinuous
modes, rapidly go in and out
of standby and sleep modes ;
flexible sequencing control to
optimize multiple-rail output
power start-up

« Digital power control —
like voltage margining to
manage power consumption
under differing performance
requirements, managing
standby and sleep
requirements

« High-efficiency EMI control
and mitigation — minimizing
radiative and conductive
emission noise from the
power supplies.

An energy management IC
solution implementing such

a feature set will exceed the
traditional boundaries of power
management ICs that are single
block components optimizing one
or two specific system parameters.
Moreover implementation of

such a feature set requires digital
interface and intelligence in the
power subsystem that can be
utilized across multiple-rails in

a Power System-on-Chip (SoC)
setup. The right approach is to
integrate these essential energy
management features into multi-
rail power management device in
a SoC like fashion.

An example of the TEM

approach is Akros Silicon’s new
Energy$ense AS19xx family of
high efficiency DC-DC converters.
Each digital power management
unit (DPMU) integrates multiple
features into each device (Figure
2). The product family comprises
10 products with five different
power manager topologies. All
are pin and PCB compatible

and come in either hardware or
software (12 C interface) versions.
Each has three or two outputs

as a combination of two fully
integrated synchronous DC-

DC converters and one versatile

controller configurable as buck,

Figure 2: Pin and software (12C)
compatible DC/DC converters in the
AS19xx family offer real-time energy
management.

boost or LED drive.
Total Energy Management is
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applicable to a wide range of
applications, including 4G

LTE residential gateways and
femtocells to tablets and large
display-oriented consumer
devices, ultra-books, e-books,
digital photo frames, NAS and
media hubs, Internet-TV and
IPTV set-top boxes, automotive
infotainment systems, solid-state
lighting, and communication
equipment with cluster-power or
intermediate bus architectures, as
well as many other applications.

Here are a few examples of
how this integrated approach
facilitates the design and
improves operational
performance and efficiency:

Dynamic Power Amplifier Control
4G LTE Gateways/Cells using
TD-LTE require the power
amplifier (PA) to be operational
only during the transmit mode.
Typical PA efficiency even at the
highest transmit power levels

is below 40% due to linearity
requirements. By employing
dynamic, high-speed control, the
PA power can be disabled during
the listening mode (Figure 3),
thus eliminating energy waste.
The AS19xx devices can enable/
disable each rail in 1ouS — fast
enough to permit this function
without external control.

Dynamic LED Backlight Control

A Tablet PC's LED backlight
screen consumes >50% of its
power and is the biggest factor

in battery life of the device. LED
backlight management is not new.

TD-LTE Frame Structure

Subframe

o/l 2] R sl ss

DsSuUuDDDTUDTDTD|D

Z‘K—Y—/

PAs On PAs Off
Tx mode Listening
mode

Figure 3: 4G data link transfers only
require PA on during transmit
period.

Traditional DC-DC convertors
support either Analog or PWM
based dimming. The AS19xx
devices support that but go a
step further in supporting a fully
integrated internal 12C-based 32-
step (5-bit) logarithmic PWM
dimming. This not only reduces
external components but en-
ables system designers to use

a fully software-based approach
to dimming by simply writing a
“dimming word” to the device.
Now software can dim the screen
based on content, such as when
watching a movie as opposed to
reading content, bringing next
level of battery performance
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optimization without adding cost
and components to the design

(Figure 4)

Real-time Input Power Measure-
ments

During the development phase of
an electronic system, changes in
the software can have dramatic
effects on power consumption.
TEM devices, like the AS19xx, are
capable of providing feedback on
power usage on each rail in real
time. This can speed develop-
ment and result in more efficient
product designs.

EMI Management

Switch-mode power supplies
require EMI filtering to minimize
the injection of power supply
noise onto the power line to
prevent radiative and conductive
emissions. This leads to extra
bill-of-material cost and design
efforts. The AS19xx devices use
integrated spread-spectrum
clocking to mitigate EMI. This
leads to less design cost, higher
system efficiency, and faster time
to market.

VIN T
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Figure 4: The AS19xx enables multiple-load LED dimming and advanced

options, including fully internal PWM Dimming

capability.

operational and
control features

that confront power system de-
signers. Their major challenge is
to achieve all the design require-
ments with an implementation
that has the highest efficiency
(295%), occupies the smallest
possible PCB real estate, and at
a cost sometimes bordering on
the impossible. In other words,
IC designers have to become
system designers who use the
available data to make energy
management choices for their
applications.

The most critical question de-
signers must consider is this:

which 1C(s) will do the job? A To-

tal Energy Management approach
embodied in Akros’ AS19xx DC/
DC converter family offers a
simple, elegant answer. The solu-
tion meets the designer’s energy
management needs without add-
ing complication, space and cost
— all while providing real-time
power monitoring and adding
energy management features
that increase efficiency. The idea
behind this 10 IC product family
is to offer designers a choice of
selectable ICs that can be used in
a wide range of applications and
across a multitude of platforms.

Author: Alan Elbanhawy
Akros Silicon Inc.

www.akrossilicon.com
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AVOIDING COEXISTENCE
PROBLEMS

Simplifying designs with integrated RF modules

By Allen Chien PhD

Applications for portable wireless data communications
have been booming in the last few years. For designers,
these applications pose the challenge of designing multiple
high-efficiency, low-noise RF channels in as small a space as
possible. One approach to meet this challenge is to leverage
integrated RF modules that can provide superior coexistence
faster and more efficiently than use of discrete components.

pplications for

portable wireless data

communications have

been booming in the
last few years. For designers,
these applications pose the
challenge of designing multiple
high-efficiency, low-noise RF
channels in as small a space as
possible. One approach to meet
this challenge is to leverage
integrated RF modules that can
provide superior coexistence
faster and more efficiently than
use of discrete components.

Wireless is becoming

the preferred method for
consumer and commercial
data communications of all
kinds. WiFi networks abound

in the home, supporting

such devices as PCs, tablets,
smartphones, gaming systems,
and even televisions. Public WiFi
“hotspots” are also plentiful,
used for web surfing, messaging,
and creating femtocells for the
off-load of cellular network IP
traffic.

There are also many other
wireless data links in use
beyond WiFi, including
Bluetooth for remote headsets,
ZigBee for home automation
networks, WiMAX and LTE

for wireless broadband, and
cellular telephony. In addition,
transportation and utility
industries are working to employ
many of these same network
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technologies for applications
such as the smart power grid and
traffic management. Similarly,
other industries seek to employ
wireless networks for machine-
to-machine communications to
automate various elements in
production and commerce.

This growing dependence on
wireless data communications
places a two-fold burden on
equipment developers. First, their
designs must provide extremely
high quality transmit and receive
channels. Transmit channels
must meet strict power, spectral,
and linearity standards, providing
sharp bandwidth filtering while
avoiding amplifier distortions
and the reflections caused by

impedance mismatches. Receive
channels must be efficient to
avoid signal loss and must
eliminate as much noise as
possible in order to maximize data
rates while dealing with very low
received signal strengths.

While addressing these RF design
challenges developers must also
deal with the burden of channel
coexistence. Many systems need
not one but two or more wireless
links, each corresponding to
different standards. A laptop
computer, for instance, might
incorporate both WiFi and
WiMAX connectivity in its design.
A smartphone will include WiFi
with Bluetooth as well as GSM,
3G, and LTE. Such portable
systems also require the RF
designs for the various channels
to be as compact as possible

and the different channels are

typically interwoven on the circuit
board.

This physical and
spectral proximity
places stringent
demands on receive
filters. For example,
a WiFi design may
need to operate
overa2.4-2.5GHz
band while rejecting
signals from a nearby
3G transmitter at
2.1 GHz. Such tight
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frequency spacing
requires filters with

extremely steep roll-
offs.

benefits through a number of
key design features. First, the
modules provide developers with
a fully-designed and optimized
configuration of layout and
components. As an example,

Avago
Technologies
carefully de-
signs mod-
ules with

matched

Figure 1: An example of the simplification of an RF design 50Q imped-

using an integrated front-end module

Integrated front-end modules
(FEM) for RF coexistence can
provide independent transmit
and receive paths with in-line
filters and amplifiers along with
signal switches for sharing
antenna connections. Utilizing
an integrated module rather than
pursuing a discrete-component
design allows developers to
significantly reduce their design
effort and costs while creating
highly precise and efficient RF
subsystems. The modules save
board space, as well, compared to
discrete designs (Figure 1).
Integrated FEMs achieve these

Figure 2: Amplifiers, switches, and
filters are all encapsulated in a single
package for simple layout

ances and
uniform phase delays on all signal
paths. All active and discrete
components in the modules are
carefully matched and the design
tuned to provide optimum op-
erating characteristics along the
entire RF path.

Another key feature of integrated
FEMs is that they bundle
everything into a compact

form factor (Figure 2). All of
the critical design and layout
tasks are already done, with no
tuning or tweaking necessary.
Designers only need to deal with
a few connections to a single
component when laying out the
front end of their RF subsystem,
greatly reducing design time.

The integrated FEMs not only
help eliminate the front-end RF
design task, they help speed other
development stages. Because

the modules are fully assembled,
optimized, and tested, for
example, they eliminate the need
for front-end design validation.
Later in the development effort,
these same characteristics

WWW.POWERSYSTEMSDESIGN.COM
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reduce time and effort needed

for regulatory and standards
compliance testing of the finished
design. All this reduction in
development time equates
directly to quicker time-to-market
as well as lower development
costs.

The integrated FEMs also help
lower production costs. The
single FEM replaces numerous
discrete components in the
production bill of materials
(BOM), reducing the cost of
BOM management and inventory
handling. Because the FEM

is pre-tested, the design’s RF
section will also have a better
production yield than products
using discrete component
designs.

The advantages that integrated
FEMs bring to designs needing
wireless coexistence can best
be understood by examining a
module’s capabilities in detail.
The Avago AFEM-S257 WiMAX
coexistence FEM supports
reception and transmission

of 16 quadrature amplitude
modulation (QAM) WiMAX in
the presence of WiFi and other
nearby RF channels, and offers
dual receive channels to allow
reception of two simultaneous
signals or support RX diversity
reception. It leverages

Avago’s proprietary film bulk
acoustic resonance (FBAR)
filters to achieve steep roll-off
characteristics to provide high
out-of-band rejection. The low
insertion loss of FBAR filters

ensures maximum receive signal
strength and minimal waste

of transmit power, helping
maximize battery life in portable
devices.

The S257 module integrates a
linear power transmit amplifier,
low-noise receive amplifiers with
pre-selector FBAR filters, band-
pass filters, and RF switches

with 50Q impedance on all RF
ports (Figure 3). The design is
optimized for operation in the 2.5

o dBm to the antenna output
while the module typically draws
95 mA from a 3.6V supply. The
amplifier has a 23 dB gain step,
so in high power mode the
amplifier produces 24 dBm while
the module typically draws 420
mA. The transmit amplifier’s
total gain is 34 dB in high —power
mode.

Typical gain flatness for the trans-

mit amplifier is 1 dB over any 10

MHz band, with a gain variation
of no more

than 1 dB

Proselector ByPass LNA

s | over the full

Cooxare supply volt-

ANT-1

age range.
This allows

ANT-2

Coex Linear Amplifier

the transmit

channel to

o
TR2
RX Div. TX/RX Switch

fully meet
WiMAX
QAM mask

n

Proseloctor ByPass LNA

rez | specifica-
tions with

Coex BPE

a typical

Figure 3: The AEFM-S257 is a complete WiMAX coexistence

error vector
magnitude

front-end module with dual receive channels in the 2.5 — 2.7 (EVM) of -34

GHz band

to 2.7 GHz band of WiMAX with
a supply voltage of 3 to 5VDC. All
the amplifiers in the S257 module
have exceptional tolerance to
supply voltage and temperature
variations because of the GaAs
pHEMT process technology.

The module’s transmit amplifier
has a selectable gain, allowing
operation in low power mode to
reduce the module’s demand on
a battery supply. In low power
mode the amplifier delivers
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dB (2.5%) in
high power mode.

The low-noise amplifiers in the
module’s receive pathways pro-
vide a gain of 15 dB, typically
producing 10 dB of overall gain
from antenna input to receive
path output. In the presence of
strong input signals the receive
amplifier can be bypassed, reduc-
ing current draw from 10 mA to
0.25 A per receiver. Even with the
amplifier engaged, the module

Transmit Path Receive Path
Frequency Band Out-of-Band Rejection Out-of-Band Rejection
(dBc) (dBc)
698 — 720 MHz 80 70
800-915 MHz 70 70
1574-1576 MHz 50 35
1805 -1880 MHz 40 30
1930 - 1990 MHz 30 30
2110-2170 MHz 10 35
2400 — 2468 MHz 35 30
2451-2473 MHz 25 30
3300 - 3800 MHz 30 30
5000 - 5380 MHz 60 -
>7200 MHz 60 -

Table 1: The sharp roll-off characteristics of FBAR filters permits strong out-of-
band rejection of neighboring transmitters

exhibits a maximum 3.5 dB noise
figure between an antenna input
and its receive channel’s output.
In support of multi-channel
coexistence the switches and
filters provide substantial
isolation between the various
signal pathways and operating
frequency bands. Isolation
between the two receive channels
as well as either receive channel
and the transmit channel is 25
dB to prevent cross coupling of
signal pathways. The FBAR band-
pass filters provide substantial
out-of-band rejection on both
transmit and receive pathways
(Table 1), with at least 35dB of
rejection relative to carrier at the
WiFi ISM band for the receive
channel.

This entire RF front end is
packed into a space-saving 5x7x1
mm sealed package, representing
at least a 25% savings in board
space relative to a discrete
component design. Transmit and
receive ports are arranged on one

side of the module with antenna
connections on the opposite side
for convenient signal routing,
with ground pads between signal
lines for isolation.

Creating an effective front-end
for designs requiring coexistence
of multiple RF channels at
nearby frequencies represents

a significant challenge, even

for the most experienced RF
design engineers. For developers
creating today’s multi-radio
mobile devices, integrated FEMs
such as the Avago AFEM-S257
are an opportunity to side-

step those design challenges.

By utilizing an integrated FEM,
developers can bring their
devices to market quicker at less
expense while obtaining a highly
compact design with state of the
art performance.

Author: Allen Chien, PhD
Product Marketing Manager
Avago Technologies

www.avagotech.com
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UPS SIZING

Practical and theoretical considerations

By Matt Henley

Choosing a UPS of the right capacity for a commercial or
industrial application may appear as a simple task.

n reality however, making
the correct choice depends
on knowledge and
understanding of a site’s
load and its characteristics. This
article looks at the practical and
more theoretical considerations
contributing to the process of
defining the UPS sizing required.

Although typically associated
with data centres, Uninterruptible
Power Supply (UPS) systems

are finding their way into an
ever-widening, diverse range of
environments. This is due to the
increasing number of telecoms,
medical, industrial processing,
retail and other applications that
now rely critically on electrical
equipment and power availability.
This diversity imposes widely
varying loads on any UPS
chosen. Additionally, different
applications generate different
views on just how critical their
load is, and the degree of
protection that must be provided.
Therefore, this article starts with
some practical considerations
for site load sizing, before
addressing at how to provide for

120% |
100% Eomputgr Rooin Capacity
1Istalled UPS Cap ; ii_ _______________
= 80% .~~~ Expected Load
> L-T
£ 60% e
4 |
8 40% | _--Excessive was ie due to UPS oversizing
20% //‘A’C'tual Load
Nanil

Years

this load with a level of security
appropriate to the application.
Clearly the load at any given site
will be unique, depending on the
mix of equipment in its make-
up. However the load will also
be time-variant in several ways.
There will be daily and weekly
variations as office occupancy
and equipment use drops
overnight or during weekends
and holidays, and seasonal
variations as the weather, and
demand on air-conditioning or
heating, changes. Longer term
changes arising from operational
expansion and addition of
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new equipment are also likely.
Investigation of the critical load’s
on site components, including
measurement of the load’s
performance over a meaningful
time, is a necessary part of the
UPS sizing exercise.

Within the UK, the UPS is
usually fed from the National
Grid electrical mains, and feeds
the site’s critical load. During a
mains failure, the UPS batteries
maintain supply. To start sizing
the UPS, the load should be
scoped in terms of its required
supply voltage, frequency,

number of phases, load current,
power factor and power
consumption.

UPS manufacturers express their
products’ power capability in VA
or kVA. Meanwhile, equipment
power consumption may be
expressed in Watts. If so, its
contribution to the load in VA
can be found by multiplying

its load current by its supply
voltage. Alternatively its power
consumption in Watts can be
divided by its stated Power
Factor to reveal its VA load.
Manufacturers frequently
overstate their equipment
consumption by 20% or so to
ensure the installer provides an
adequate supply; however this
over-rating cannot be relied on,
and if in doubt the load should
be measured.

This measurement activity can
form part of the overall site
survey. This should include
installing portable measuring and
monitoring equipment to record
information about the load over
a period of time. The period
depends on the site situation; for
example it would be misleading
to monitor an office network over
a weekend when very few staff
have their PCs on.

The nature as well as the size of
the load should be considered.
Although UPSs are generally
resilient, certain load types do
present challenges which must
be allowed for. These include
blade servers, fluorescent gas
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discharge lighting, motors and
compressors, air conditioning
equipment and laser printers.
These can all draw high currents
during normal operation, and
even higher inrush currents
during start-up. This may
overload the UPS, causing a
transfer to bypass.

Blade servers also impact
UPSs in another way. Unlike
much equipment with a lagging
power factor, blade servers
present a leading power factor.
As these servers are powerful
and increasingly popular within
computer installations, the
critical load’s overall power
factor may become leading.
This presents a major problem
with legacy transformer based
UPS systems. For example a
300 kVA UPS requires derating
by 24% for a 0.9 leading power
factor. By contrast, a modern
transformerless 300 kVA does
not derate at 0.9 leading power
factor.

If a three-phase UPS is supplying

a load with single-phase
components, these components
should be distributed as evenly
as possible between the phases
to allow the capacity of the

UPS to be optimally utilized. A
balanced load is also presented
to the mains or, if installed, the
generator if the UPS is bypassed.
Although modern UPS systems
can cope with phase imbalance,
the load on any single phase
must never exceed 33% of the
total UPS loading..

When all the load information
has been collected, measured
and collated, the required UPS
capacity will become apparent.
It is normal practice to add
contingency capacity of typically
20% to this value. Additionally it
is essential to carefully consider
the site’s future expansion
plans and allow for these in the
UPS configuration accordingly.
Most UPS manufacturers offer
modular rackmounting UPS
systems to allow scalability; A
modular system’s total output
is the sum of all its component
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UPS Details

Modular (4 x 40kVA)

120kVA N+1

UPS Load (%) 50 75
UPS Efficiency (%) 91 96
Critical Load (kW) 96 96
Total UPS Input Power (kW) 055 100.0
Total UPS Heat Loss (kW) 9.5 4.0
UPS Losses — Cost per Year* £6,521 £2,747
Cooling Cost per Year* 520152 £907
Total Cost per Year* £8,673 £3,654
5 Year Saving = £25,095

CO2 Reduction over 5 Years

modules’. For such systems,
the only initial requirement is to
allow sufficient racking space,
as more rackmounting UPS
modules can easily be added
when site expansion demands
extra capacity.

As mentioned at the start of
this article, the load’s criticality
will also influence the final
decisions on the UPS’s size and
configuration. A small minority
of users will prefer the initial
capital savings of a capacity
system — that is, a system with
enough capacity to fully support
its load as long as none of its
constituent components or
modules fail. If a failure does
occur, the only solution is to
immediately transfer the load to
bypass, where it will be fed from
the raw mains supply. Consider,
for example a load of 270 kVA
supplied by three 100 kVA units
configured in parallel. Under
normal circumstances, each
unit will be supplying about 9o
kVA, but if one module fails the
other two will be called upon to

supply up to 135 kVA each. This
will substantially overload them,
invoking a switch to bypass.

In practice, most applications
today demand a degree of
resilience to failure from their
UPS system. This means that
the UPS should continue to fully
support the load even if one or
possibly more modules should
fail. This redundant arrangement
is more precisely known as

an N+1 redundant system.

‘N’ represents the number

of modules required to fully
support the load, and ‘1" is for
the single redundant module. If
the application warrants it, more
than one redundant module can
be supplied to create an N+n
redundant configuration. ‘n’ is
the coefficient of redundancy.
These guidelines allow users or
design consultants to specify

a UPS capacity which allows

for the conditions prevailing

on the user’s site together with
considerations of the resilience to
failure required. This decision can
then be added to other selection
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137.6 Tonnes (212 Trees™)

criteria including the UPS’s
efficiency and running costs, its
topology, its upgradeability, its
size and weight, its flexibility of
battery configuration and battery
autonomy and its serviceability.

Further issues such as cost, the
reputation of the UPS supplier
and the availability of references
for existing installations are
important as well. Any reputable
UPS supplier will be able to
help with site surveys, discuss
the criticality of the load and
other factors, and advise on
UPS configuration and sizing
accordingly.

Author: Matt Henley

Technical services manager
Uninterruptible Power Supplies
Limited a Kohler company

www.upspower.co.uk
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PMBus COMMUNICATIONS

Promotes programmable power-conversion systems

By Patrick Le Févre

Digitally controlled power converters that embody power
management subsystems and PMBus communications in
telecoms applications makes it easy to assemble sophisticated
hardware that suits a variety of distributed power applications.

he ability to monitor

the status of a power

domain and fine-

tune its configuration
in real time lays the foundation
for energy-saving schemes that
will be especially attractive in
systems that experience large
load swings, such as datacom and
telecom centers. A PC-compatible
package, with its graphical user
interface, extends ease-of-use to
the software development realm,
freeing users to experiment
with alternative power-converter
configurations.

With its low-cost SMBus physical
hardware layer and a standard
command set that specifically
addresses the power-conversion
environment, PMBus™ provides
system architects with a simple,
robust and highly flexible platform
that seamlessly communicates
with any compatible power-
system component — from AC-
DC front-ends to variable-speed
cooling fans. While many legacy

components can only report
rudimentary status information,
fully exploiting the opportunities
made available by the PMBus
requires the intermediate-bus
and point-of-load converters,
which deliver load currents

in a typical intermediate-bus-
architecture (IBA), to include
comprehensively capable
measurement and control
subsystems.

Mostly built using mixed-

signal silicon processes,

today’s digitally controlled
power converters embody

these additional hardware
elements alongside the core
PWM controller at negligible
additional cost. As a result,
system architects can construct
sophisticated hardware schemes
with unprecedented ease — the
major challenge now being

to develop supervisory and
control software that maximizes
system reliability and energy
efficiency. Such schemes require
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the ability to reconfigure the
power converters ‘on-the-fly’,
but crucially for more modest
applications, PMBus mandates
a ‘set-&-forget’ mode where the
converter behaves much like any
other programmable component.
This allows, for instance, one
programming step to write its
non-volatile memory with user-
defined parameters, such as
output voltage and current-limit
values, in addition to any power-
rail sequencing delays required
by multi-rail logic components.

Clearly, practicality and simplicity
are key factors in the PMBus’
success. Mirroring V2 of the
SMBus specification, the bus
comprises the clock and data
lines SMBCLK and SMBDAT,
which facilitate bidirectional
communications between a bus
master that initiates data transfer
and the slave that responds when
it recognizes its unique 7-bit
address. PMBus adds two signal
lines whose use is optional:
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intelligence, such
as a PC that might
usefully link into
the local enterprise
network.
Depending upon
the degree of
autonomy that the
designer considers
appropriate for
individual boards,

Figure 1: In a typical rack, the system host provides

overall control for each board’s power system via a

Board Power Manager.

SMBALERT#, an interrupt line
to inform the system host that
a device requires service; and
CONTROL, which turns devices
on and off in conjunction with
PMBus commands.

Electrically similar to 12C, a
PMBus link is almost always
confined to a single board. It
may optionally communicate
with other boards using the
backplane-level system bus

that uses the system designer’s
choice of network technology.
Figure 1 shows the structure of a
rack-mount board in a typical IBA
environment, where local board
power-manager logic most often
forms a physical bridge between
the onboard PMBus link and the
backplane’s system bus.

The system host, which

handles overall power control
and management tasks, is the
primary node on the system bus.
The host could be an embedded
system and/or external

the board power
manager might
range from a
simple bridge
built using some
leftover gates in an FPGA to a
microcontroller with on-chip
protocol conversion.

Standard command language
eases programming

Experience with long-standing
communications protocols such
as the test-&-measurement
industry’s IEEE-488.2 and

SCPI (standard commands for
programmable instrumentation)
demonstrates that a well-
developed standard command
language is hugely influential in
winning over designers wishing
to simplify, secure and future-
proof their projects. Again,

the key is simplicity without
compromising flexibility.

The full list of standard
commands appears in Part

Two — Command Language —

of the PMBus Power System
Management Protocol
Specification. With the exception
of the last two codes, oxFE and
oxFF, which form the first byte

of a pair of two-byte extended-
functionality commands, PMBus
commands are single-byte
entities. Accordingly, the format
allows for 256 commands, each
of which falls broadly into one

of these categories: control,
output, fault-limit, fault-response
and time-setting commands;
read-only status, monitor and
identification commands; group
and supervisory commands; and
device- and manufacturer-specific
commands.

The great majority of the
underlying functions within these
groups are self-explanatory and
generally applicable, such as
setting power on/off delays and
ramp times to implement power-
rail sequencing without requiring
any external hardware. But
among the normal device-specific
functions such as trimming
calibration data, the last of these
groups makes it possible to
program aspects of the target
hardware that are unique to a
particular device. Such abilities
may include altering the PID
(proportional, integral and
derivative) filter constants that
control a digital converter’s
dynamic responses, or varying
the dead-time period between the
control and sync FETs switching
in a buck converter to minimize
losses with changing line-&-

load conditions. Given suitable
hardware, these capabilities are
almost invariably new and offer
the possibility of dynamically
fine-tuning a converter’s
responses to suit its current set
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of operating conditions.

At a higher level of control,
established techniques such

as dynamic bus voltage control
that require extensive support
circuitry in analog power
converters become easy to
implement when using PMBus-
compatible digital converters.
This energy-saving scheme
involves intelligently reducing
the intermediate-bus voltage
when load currents are relatively
small, which minimizes down-
conversion losses in the multiple
point-of-load converters that
regulate the load voltages. As
the load current level rises,
supervisory software commands
the intermediate-bus converter
to increase its output voltage

to ensure sufficient headroom
for the point-of-load converters.
This approach particularly suits
systems that experience large
swings in load current levels,
such as those systems that
handle networks and typically
are highly dependent on traffic
demand. These types of systems
will often shutdown entire circuit
blocks to save energy, when
demand is low. PMBus greatly
simplifies implementing the
power control aspect of these
systems.

Evaluation kits ease hardware
and software design

The message-exchange
mechanism that PMBus uses
generally consists of a ‘start—
target device address—
command—data—stop’
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Figure 2: PMBus uses a simple and robust message-exchange mechanism

sequence. The number of data terminate with a PEC (packet
bytes that follow any command error checking) byte as Figure 2
depends on the nature of the shows.
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Figure 4: 3E-design-kit

accommodates a selection of PMBus-
compatible intermediate-bus converters

and point-of-load regulators that designers
can choose to closely replicate their target
environment, while the graphical development
environment vastly simplifies device set-up as
the example panel in Figure 3 shows.

This example environment from 3E GUI Gold
Edition specifically suits Ericsson’s 3E family
of digital intermediate-bus converters and
point-of-load regulators, but unusually, it

is also capable of communicating with any
PMBus-compatible device. Furthermore, its
facilities include a PMBus transaction log that
records and analyzes message exchanges to
speed troubleshooting.

Author: Patrick Le Févre
Marketing and Communications Director
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LTPOE++ EXTENDS PoE

goW with reliable and easy-to-use standard

By Heath Stewart

Power over Ethernet, or PoE, is an increasingly popular way to
deliver both power and data over existing Ethernet cable, thus
freeing applications from the constraint of AC-power proximity.

s the number PoE
solutions has
grown, so has the
applications’ appetite
for power. A new proprietary
standard, LTPoE++™, satisfies
this hunger by extending the
PoE and PoE+ specifications
to goW of PD delivered power.
LTPoE++ also dramatically
reduces engineering complexity
in power sourcing equipment
(PSEs) and powered devices
(PDs) when compared to other
power-expansion solutions.
Plug-and-play simplicity and
safe, robust power delivery
are hallmarks of LTPoE++. The
capabilities of this standard
expand the field of Ethernet-
powered applications by several
orders of magnitude, enabling
entirely new classes of PDs, such
as power-hungry picocells, base
stations or heaters for pan-tilt-
zoom cameras.

The IEEE standard defines
PoE terminology, as shown in
Figure 1. A device that provides
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Figure 1: Typical PoE system

power to the network is known
as a PSE, or power sourcing
equipment, while a device that
draws power from the network

is known as a PD, or powered
device. PSEs come in two types:
endpoints (typically network
switches or routers), which

send both data and power, and
midspans, which inject power
but pass data through. Midspans
are typically used to add PoE
capability to existing non-PoE
networks. Typical PD applications
are IP phones, wireless access
points, security cameras, cellular
femtocells, picocells and base
stations.

The IEEE PoE+ specification
specifies backward compatibility
with 802.3af PSEs and PDs. The
PoE+ specification defines Type
1 PSEs and PDs to include PSEs
and PDs delivering up 13W. Type
2 PSEs and PDs deliver up to
25.5W.

LTPoE++ Evolution

The |IEEE PoE+ 25.5W
specification had not yet been
finalized when it became clear
that there was a significant
and increasing need for more
than 25.5W of delivered power.
In response to this need, the
LTPoE++ specification reliably
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allocates up to goW of delivered
power to an LTPoE++ PD.

The LTPoE++ specification
provides reliable detection and
classification extensions to
existing IEEE PoE protocols.
LTPoE++ is backward compatible
and interoperable with existing
Type 1 and Type 2 PDs. Unlike
other proprietary power-
extending solutions, Linear’s
LTPoE++ provides mutual
identification between the PSE
and PD. LTPoE++ PSEs can
differentiate between an LTPoE++
PD and all other types of IEEE
compliant PDs, allowing LTPoE++
PSEs to remain compliant and
interoperable with existing
equipment.

LTPoE++ PSEs and PDs
seamlessly interoperate with
IEEE 802.3at Type 1 and Type 2
devices. Type 1 PSEs generally
encompass 802.3af functionality
at and below 13W. Type 2 PSEs
extend traditional PoE to 25.5W.

- Type 1 PSEs will power all
Type 1, Type 2 and LTPoE++
PDs with up to 13W.

«  Type 2 PSEs will power Type
1 PDs with up to 13W and
provide 25.5W to Type 2 and
LTPoE++ PDs.

+ LTPoE++ PDs can power up
with limited functionality
even when attached to
traditional Type 1 and 2 PSEs.

+ LTPoE++ PSEs interoperate
with Type 1 and Type 2 PDs.
LTPoE++ PDs are powered
to the designed limit of the
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R T O Y R O R B B A
PD '15090\”0) 2375k [ ] 26.25k
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Figure 2: IEEE 802.3at signature resistance ranges

LTPoE++ PSE. When an
LTPoE++ PD is identified,
the PD will be powered up if
the PSE power rating meets
or exceeds the requested PD
power. For example, a 45W
LTPoE++ PSE can power both
35W and 45W PDs.

IEEE-Compliant PD Detection
LTPoE++ physical detection
and classification is a simple,
backward-compatible extension
of existing schemes. Other power
extension protocols violate the
IEEE specification, as shown

in Figure 2, and risk powering
up known noncompliant NICs.
Any high power allocation
scheme violating the IEEE-
mandated detection resistance
specifications risks damaging

and destroying non-PoE Ethernet
devices.

The following rules define any
detection methodology for the
highest levels of safety and
interoperability.

Priority 1: Don't turn on things
you shouldn’t turn on.

Priority 2: Do turn on things you
should.

Linear Technology PSEs provide
extremely robust detection
schemes utilizing four-point
detection. False positive
detections are minimized by
checking for signature resistance
with both forced-current and
forced voltage measurements.

LTPoE++ Advantages
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Figure 3: The expensive way to extend PoE+ power. Dual Type 2 PD provides

more power than standard PoE+ PD, but it also doubles the cost and

component count.

WWW.POWERSYSTEMSDESIGN.COM

POWER SYSTEMS DESIGN NOVEMBER

PSE PD

RIS RIS

T _#oooood]
R ] oo

o o] 97
I dpeosecd
) ¥ oo

o L] 71 |

DGND AGND

DGND AGND

" ; I ;
DC/DC
Rouass PWRGD EN Vour
£ PD -
T CONTROLLER
N ~Vour }

Rewass  PWRGD|
e PD
T CONTROLLER
-Vin ~Vour

ry

GND

'y

Figure 4: Less expensive, but flawed, alternative for extending PoE+ power.

This scheme is similar to the dual Type 2 set-up shown in Figure 3, but a diode

ORed power sharing architecture reduces some of the cost by eliminating one
DC/DC converter in the PD. However, due to intrinsic reductions in surge
protection tolerance, these solutions rarely meet PD design goals.

Standard PoE PSEs use two of
the four available Ethernet cable
pairs for power. Some power-
extending topologies use two
PSEs and two PDs over one cable
to deliver 2 x 25.5W. This “dual
Type 2" topology is shown in
Figure 3. The main problem with
this strategy is that it doubles the
number of components, thus
doubling PSE and PD costs.
Additionally, robust design
considerations require two DC/
DC converters at the PD, one for
each component PD, where each
DC/DC converter is a relatively
complex flyback or forward
isolated supply.

One of the DC/DC converters

in a dual Type 2 set-up can be
eliminated by ORing the PD’s
output power as shown in Figure
4. This approach still requires
two PSEs and two PDs, with

the associated cost and space
disadvantages. The voltage drop
incurred by the power ORing

2011

DC converter, resulting in
significant board space, cost and
development time advantages.

LLDP Interoperability and
Options

During selection and architecture
of a PoE system, many PD
designers are surprised to
discover the hidden costs of Link
Layer Discovery Protocol (LLDP)
implementations. LLDP is the
IEEE-mandated PD software-level
power negotiation. LLDP requires
extensions to standard Ethernet
stacks and can represent a
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Figure 5: The LTPoE++ architecture is the only PoE power-extending solution
that provides 9oW at the PD while keeping complexity and costs in check.

diodes might be considered a fair
trade-off for the savings gained by
using a single DC/DC converter.
In most cases diode ORed power
sharing architectures remain
attractive until surge protection
testing begins. Due to intrinsic
reductions in surge protection
tolerance, these solutions rarely
meet PD design goals.

In contrast, LTPoE++ solutions,
as shown in Figure 5, require
only a single PSE, PD and DC/

significant software development
effort. Unfortunately the open-
source community effort to
provide LLDP support is still in
its infancy.

While Type 2 PSEs may optionally
implement LLDP, fully IEEE-
compliant Type 2 PDs must
implement both physical
classification and LLDP power
negotiation capabilities. First,
this places the burden of LLDP
software development on all Type
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2 PDs. In addition, designs are
complicated by the dual power
requirements inferred by the
LLDP requirement. Specifically,
the PD-side processor must
be fully functional at the 13W
power level and then have the
ability to negotiate, via LLDP,
for the delivery of additional
power. Clearly this requirement
can increase development and
system costs and complexity.

LTPoE++ offers LLDP
implementation options.
LTPoE++ PSEs and PDs
autonomously negotiate

power level requirements and
capabilities at the hardware level
while remaining fully compatible
with LLDP-based solutions.

In short, LTPoE++ gives

system designers the choice to
implement or not implement
LLDP. Proprietary end-to-end
systems may choose to forgo
LLDP support. This creates time-
to-market advantages while
further reducing BOM costs,
board size and complexity.

Power Claims Demystified

PoE power paths can be divided
into three main components:
the power produced by the PSE,
the power delivered to the PD
and the power delivered to the
application. Claims of PSE and
PD power delivery capabilities
must be carefully examined
before useful comparisons can be
made. One vendor may describe
the power as delivered by the
PSE, another the power delivered
to the PD, while the PD designer

typically cares about power
consumed by the application.

Although the PSE power metric
is the least useful of the three,
it is the one most often cited in
marketing materials. PSE power
is generally defined as the power
delivered at the PSE end of the
Ethernet cable. Power capability
is sometimes further distorted
when vendors specify power

at the maximum rated voltage,
which is rarely achieved.

PD power or “delivered power”
is the power delivered to the PD
end of the Ethernet cable, prior
to the diode bridge. Quoted PD
power is a more useful metric
than PSE power, since it must
account for significant losses
over 100 meters of CAT-5e
cable. PD power claims make
no assumptions about the
application’s DC/DC converter
and diode bridge efficiencies,
which are unknown to PSE and
PD silicon vendors.

A PD designer is
most interested in the
power delivered to
the application when
all system effects are
considered, including
the resistance of the
Ethernet magnetics,
diode bridge voltage
drops and DC/DC
converter efficiency.
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This metric, although
the most telling, is
the most difficult to
accurately specify.

PSE Availability

Linear Technology is committed
to LTPoE++ technology and
provides an entire family of PSE
and PD solutions. A full family
of PSEs, spanning 1- to 12-port
solutions is now available.

Conclusion

LTPoE++ offers a robust, end-to-
end high power PoE solution with
up-front cost savings. Combined
with Linear Technology’s
excellent application support,
proven delivery record and
reputation for reliability, LTPoE++
is the most comprehensive high
power solution on the market.
LTPoE++ systems simplify

power delivery and allow system
designers to concentrate their
design efforts on their high value
applications.

Author: Heath Stewart
Senior Design Engineer

Linear Technology Corporation

www.linear.com
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LOW-POWER NETWORKED
SOLUTION

At home with the wireless internet

By Colin Faulkner

All households and businesses are under pressure to fulfil the
twin ideals of reduced energy consumption and reduced costs.

here have been many

advances in building

technology such as

double glazing, and
roof and wall insulation, which
improve the loss of energy, but
to date, very little has been done
to minimise consumption at the
source. Conventional heating and
lighting systems are not much
more sophisticated than piling
more wood on the fire if it's cold!
Conventional thermostats and
lighting systems often operate at
a whole house level and provide
uneven distribution of comfort
around the building.

This is true for both residential
and commercial buildings. One
reason for this condition is
“installation costs”. It is possible
to wire up control signals to
individual lamps or to place
thermostats in every room, but in
practice, the cost of installation is
prohibitive. Even for a new build,
cabling is expensive to install,
making it uneconomic to specify
improved control. However, the

“Internet of Things”, particularly
when connected with wireless
technologies, is set to change
the situation by offering a means
to install many sensors and
actuators at very low cost.

IPv4 (Internet Protocol version
4) as the transport mechanism
of choice for data on the
internet has served the world
well for many years, but has
been restricted from dramatic
expansion by the limited number
of IP addresses. This has
recently been addressed by the
introduction of IPv6 which now
offers around 5*1028 addresses
for every person on the planet.
This is plenty for any currently
conceivable control systems and
in principle, any device around
the world could be given a
unique IP address. If this can be
applied to lighting and climate
control within buildings, we have
a mechanism to realise complex
control systems. The issue, of
course, is how to communicate
with the devices in a cost-

effective fashion and this is
where a wireless network comes
into play. What is required is a
low-power networked solution
specially designed for building
automation solutions.

The IEEE802.15.4 standard
provides a radio and Media
Access Control (MAC) platform
designed for low-power wireless
networks, including systems
where devices are connected
together in a tree or mesh
arrangement. These techniques
allow messages to bounce from
node to node, making their way
across the network. If a building
has these nodes installed, in
every light fixture, for example,
then it ensures that all devices
are within range of one of the
radios.

One of the most common
standards using IEEE802.15.4 is
ZigBee, which defines both the
networking to connect devices
together and “profiles” for
interoperability, allowing devices

WWW.POWERSYSTEMSDESIGN.COM

39



- SPECIAL REPORT : POWERING COMMUNICATIONS

from different manufacturers to
work together. As an alternative
to ZigBee and to provide IP
connectivity to all nodes, the
Internet Engineering Task

Force (IETF) has developed a
standard named 6LoWPAN.

This is designed to allow IPv6
communications over wireless
networks with low bandwidth,
such as IEEE802.15.4. 6LoWPAN
describes two main techniques; i)
fragmentation of large IP packets
so that they can be transmitted
within the 128 byte payload of
I[EEE802.15.4 and ii) compression
of the IP headers within the
wireless network, again in order
to provide as much payload
space as possible. 6LoWPAN
therefore is the key enabler

in achieving our dream of IP
connectivity to all devices in the
home.

However, there are other parts
of this picture — we still require
methods to network devices
together and to provide a
common way of operating so
that some kind of interoperability
is possible. NXP has solved

this problem with the creation

of JenNet-IP, which provides

the optimum combination of
standards-based and proprietary
solutions to provide ready-to-use
networked wireless solutions.
The structure of JenNet-IP is
shown in Figure 1.

JenNet-IP uses NXP’s proven
JenNet networking layer to
provide the connectivity between
devices. This is a tree-based
networking layer, with the
capability to create networks of
up to 500 nodes. It has one of
the key features of a so-called
Mesh network, in that it allows

self-healing.

If one of the
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Figure 1: JenNet-IP Stack build-up

a high
degree of
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robustness and reliability

which is essential to successful
deployments. It also includes
techniques for applying a high
level of data security using the
128-bit AES encryption built

into IEEE802.15.4. This ensures
that networks cannot be hacked
maliciously and that they remain
unique to their owner and do
not overlap with adjacent ones.
In addition to providing true IP
connectivity from the internet to
devices in the home, JenNet-IP
also implements a gatewayless
mode of operation. This allows
the system to carry on working
even if the internet gateway
fails. It also allows the sale of
starter kits comprising just a few
devices and a remote control in
order to allow consumers to try
out and become familiar with the
technology before investing in a
full internet connected system.

One of the other important
features is the provision for
interoperability and device
control. This is implemented

in a simple application layer
named SNAP (Simple Network
Application Protocol). This uses
the concepts of the common
SNMP protocol but has been
architected to provide a solution
appropriate for low-cost
embedded devices. Put simply,
it provides a small database of
device characteristics, such as
name, group membership, and
capabilities (On, Off, Dim, Up/
Down, etc/).

This can then be interrogated

and manipulated by external
devices. So a SNAP application
will run on a bulb and this can
then be controlled by another
SNAP application running on
either a remote control device,
or on a device such as a tablet
PC connected to the internet. In
this way, individual bulbs can be
controlled and put into groups,
enabling the provision of lighting
“scenes” - for example with just
one lamp illuminated for reading
or dimming the lamps close to the
TV for watching a film.

With wireless connectivity enabling
implementation of complex
control systems with minimal
installation costs, seamless
integration with the internet, and
a powerful and flexible means of
providing interoperability, JenNet-
IP goes a long way to facilitating
the systems needed to maximise
energy efficiency within all sorts of
buildings.

Installation costs are minimised
as the only wiring required is
power which is already required
for most devices. Switches and
remote controls can be easily
battery-powered or even use
energy harvesting. The use of
IP to all nodes ensures that the
wireless system can interface
directly with existing or new
building management systems
which can interact with the

data generated to accurately
control light levels, temperature
and humidity to ensure user
comfort with a minimum of
energy usage. For example, in
an office system, if each lamp
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can be individually controlled, it
becomes straightforward to dim
lamps where the exterior ambient
light level means that little or

no additional light is required.
Likewise, at home, with groups
and scenes, there is no need to
have unused lamps on, again
minimising energy usage.

In summary, JenNet-IP is a low
power wireless networking system
that provides IPv6 connectivity

to any device within buildings,
providing flexible individual control
and monitoring of lights and
heating, without the huge expense
of cabling installation, hence
making an important contribution
to the efficient use of energy.

The Wireless capability is

fully integrated into the bulbs
themselves, using NXP’s
GreenChip solution which
combines the |N5148 wireless
microcontroller with the TEA1721
power supply devices and SSL2108
(for LED lamps) or UBA2028 (for
compact fluorescents) into the
body of the bulb itself. The lamps

can be set up and controlled
individually or in groups, and
scenes comprising different

light levels on each lamp can

be set, for example for reading

or for watching TV. The remote
control is a full member of the
network and can control devices
within it, but the beauty of the IP
provision is that external devices
can easily control the system.
This is demonstrated by the use
of an Android application running
SNAP and communicating into
the network via the Wi-Fi router
and also by the provision of a web
interface, again manipulating the
SNAP databases. The smart plug
devices allow both on-off control
of equipment such as a TV or
monitor, but also monitoring of
energy usage. This allows users
to see exactly where their energy
usage is going and to take steps to
minimise consumption.

By Colin Faulkner
Product Manager

Low Power RF Solutions
NXP Semiconductors
WWW.NXp.com
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COMMUNICATED ADAPTIVE
DIGITAL CONTROL

Efficiency, reliability, & time-to-market benefits

By David New

Real-Time Auto-Compensation Technique Enables More
Versatile and More Efficient Power Systems while Reducing

Design Overhead

xperienced power supply
design engineers know
that specific power
requirement of their
power supplies are often not
finalized until late in the design
cycle, when the end product is
close to completion. Or that the
power supply’s use may vary
in the field depending on its
user; this is especially true if a
common platform is to be used
with multiple end configurations.
Additionally, today’s power
supplies are subjected to
increasing efficiency requirements
and aggressive cost targets. Each
of these cases present challenges
to design engineers; fortunately
there is a technology that is able to
help.

This article discusses a new
approach to power supply
design that is based on a
real-time self-adaptive loop
compensation technique
developed by Powervation; this

unique technology is called Auto-
Control®. Using an adaptive
compensation technique that
operates in real-time allows

the power supply controller to
optimize the trade-off between
dynamic performance and

system stability on a cycle-by-
cycle basis, and enables the

use of efficiency improvement
techniques that otherwise

would require additional cost &
complexity to implement. The self-
compensating, adaptive approach
relieves power supply designers

of the burden of compensation,
plant characterization, and
reduces total design iterations.
Additionally, Auto-Control provides
a key advantage for designs that
drive imprecise or variable loads,
and addresses the challenges
associated with power supply
component parameter drift that
occurs over temperature and time.

Power supply designers often
develop power supplies that
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are for general use, without
knowing exactly how the design
will be used in operation, and
for platforms that will be used
with multiple end configurations.
In these cases, a design is
developed to operate over a
wide range of conditions, and
both cost and performance are
part of the overall compromise.
Alternatively, for designs that are
dedicated specifically for a single
platform, cost optimization may
be more obtainable. However,
the process that engineers
undertake to achieve this is

time intensive, and iterative.
Even with an experienced power
supply design engineer, both
cases can require a large amount
of design effort and time spent
to balance the various design
trade-offs and to optimize

key metrics where possible.
Finding ways to shorten this
development time allows a
reduction in development costs,
and minimizes lost opportunity

costs by bringing products to
market quicker.

One approach that is able to
shorten development time by
eliminating and shortening some
design steps, while improving
system reliability, is to implement
a real-time self-adaptive
compensation technique. By
constantly monitoring the output
of the converter, Powervation’s
Auto-Control self-compensating
controllers adjusts the PID
coefficients of the loop (Figure
1), on a cycle-by-cycle basis

to optimize the converter’s
performance for that condition,
and continues to do so, even

as conditions change. Auto-
Control allows the controller

to continuously modulate the
bandwidth of the loop to optimize
performance, and eliminates the
need for power supply engineers
to build in the additional

design margin needed for fixed
compensation-based designs.
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The self-adaptive compensation
technique: removes the need

for the designer to invest large
amounts of time attempting to
anticipate worst-case conditions,
allows designers to reduce some
engineered design margin —

and the cost associated with the
design margin, eliminates the
iterative manual tuning of the
design’s compensation loop,
and provides a solution that is
optimized over a wide range of
operating conditions.

Auto-Control Manages Changes
in Power Stage
There are several elements that
can change in a power supply
that Auto-Control’s real-time
adaptive compensation is able to
manage. Some of these include:
« Changes in output
impedance (e.g., when using
phase add/drop)
. Component tolerances
(i.e., output inductor and
capacitors)

REF o
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\P,I,D Updates /

DPWM Gvd(s)
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Auto-Control®

Cycle-by-Cycle Updates
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Figure 1: Auto-Control Adapts to Power Stage Variations

-Component aging

-Temperature

-Variations in load (e.g.,
manufacturer and capacity size
of memory DIMMs)

-Unknown load (e.g., power
modules designed for the general
market, where the load may vary
greatly over users).

Auto-Control provides benefits
when dealing with variations
such as component tolerances
and for designs that may need
to power a wide range of loads.
Other variations occur over time
when the system is in use. Some
of these, such as component
aging and changes over
temperature occur somewhat
slowly; while others, such as
phase add/drop, can occur very
rapidly. Auto-Control’s real-time
adaptive compensation is able
to manage all of these variances
by modulating the bandwidth
according to the supply’s
current mode-of-operation and
eliminates the need to over-
design the hardware for the
worst-case mode-of-operation.
All of this is done internal to
the controller without input or
intervention from the user.

In Figure 2 we see Powervation’s
PV3012 control IC use automatic
phase add/drop; in this two-
phase converter, PV3012
transitions the converter from
single-phase mode to dual-
phase mode as it crosses the

15 A threshold (solid black

line). This is done to maximize
efficiency. Without the ability to
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Figure 2: Efficiency Improvement Using PV3012’s Automatic Phase Add/Drop

dynamically perform phase add/
drop, controllers follow the two-
phase curve (dashed line) from
0 to 15 A, thus running at a lower
efficiency in that range.

While the advantages of using
phase add/drop to improve
efficiency are clear, the technique
is not without challenges; adding
and dropping a phase changes
the output impedance of the
multi-phase converter, and

thus can affect the converter’s
transient response and require

a modification of the converter’s

output filter (e.g., an increase

in output capacitance to ensure
sufficient bandwidth under all
modes of operation).

Figure 3 shows a comparison

of the transient responses of a
fixed compensation converter
(left) and a converter using Auto-
Control (right); both using phase
add/drop.

In the fixed compensation case,
the loop and number of output
capacitors has been optimized
for two-phase operation (upper
left). However, when a phase

Fixed Compensation

i B

Auto-Control®

<— 2 Phase —>

<— 1Phase —
3 i) 1
- T—| r
Additional
S 20 mV

Same as
2 phase

Figure 3: Transient Response Comparison
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is dropped (lower left), we

see a degradation in transient
performance; in this case, an
additional 20 mV of undershoot
was found.

With the converter using Auto-
Control, two-phase operation
(upper right) provides a similar
transient response as the fixed
compensation converter while
using the same output filter.
However, when the converter
transitions to single-phase
mode, Auto-Control has re-tuned
the system, and the transient
performance is maintained; there
is no additional undershoot.
Figure 4 illustrates the gain-
frequency curves for the examples
shown in Figure 3. In dual-
phase mode, both designs

follow the green line. In the fixed
compensation case (red line), the
bandwidth falls back to a lower
value in single-phase mode; this
is a result of the change in the
converter's output impedance,
and the inability of the fixed
compensation system to react.
For the converter using Auto-
Control (blue line), the bandwidth
has also been reduced (a result
of shedding a phase), but Auto-
Control’s adaptive compensation
has increased the bandwidth
beyond that seen in the fixed
compensation case (red line),
thus maintaining the converter’s
transient response without
modifying the output filter.

Real-time adaptive control brings
a new versatility to designs,
and enables designers several
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Figure 4: Auto-Control Adjust Gain to Maintain Transient Performance

advantages related to efficiency,
reliability, and time-to-market.

Power supplies that incorporate
Auto-Control’s real-time adaptive

Author: David New
Powervation
www.powervation.com

“eﬂ" Power Modules
for 500W to 50kW
Solar Inverters

Widest Selection of Standard Inverter Modules
Custom Modules Available

Part Number Voltage Amps
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APTGV30HG0T3G
APTGV50HE0T3G
APTGV75H60T3G
& APTGV100HB0T3G
“ APTGV15H120T3G
APTGV25H120T3G
APTGV50H120T3G

600V
600V
600V
600V
1200V
1200V
1200V

30A
50A
75A
100A
15A
25A
50A

5 APTGV50HGOBG

& APTGV25H120BG

600V
1200V

50A
25A

% APTGV100HBOBTPG 600V
& APTGV50H120BTPG 1200V

100A
50A

Key Features & Benefits

+ Unique Full Bridge Solution for Unipolar Switching DC-AC Inverters
+ Optimized for inverter operation, reduced power loss

+ More efficient than “motor drive” modules

* Modern packages reduce stray inductance and resistance
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CAREERdevelopment

POWER DESIGN REMAINS
CORE COMPETENCE IN
SATELLITE INDUSTRTY

In the communications equipment industry,
many companies that previously designed
power systems in-house, have outsourced
this engineering work to other vendors. But in one segment
of this industry power system design is still considered a core
competency, and too vital to the success of the end product
to delegate to others. The companies inhabiting this corner of

the communication field are the satellite manufacturers.

heir equipment must
operate in the hostile
environment of space
for well over a decade
without faults or failures that
would result in satellite downtime.
A satellite’s power system must
be optimized for highest efficiency
and lowest power losses, in large
part to minimize the system’s
size and mass. Naturally, power
electronics engineers play a
critical role in the development
of these power systems, but so
too do the mechanical engineers
who package them and address
the associated thermal issues.
Also, essential to the design
are the component and process
engineers, who qualify all the parts

and assembly techniques used to
build the power system. Therefore,
power electronics engineers in

the satellite equipment industry
are working in a very collaborative
environment.

In this design environment, new
power components and design
techniques are adopted very
methodically, and only as needed
to enable the needs of new satellite
programs or deal with component
obsolescence. The development
of a new power system can be a
multi-year effort that ideally must
anticipate the needs of the next
satellite program. Despite the high-
rel nature of this work and the long
list of application requirements,
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power system designers in this
field must still manage costs in
their designs.

One engineer who has a bird’s
eye view of all these design
challenges is Robert Lyon, a
systems engineering manager at
Space Systems/Loral, a leading
manufacturer of commercial
satellites based in Palo Alto,
California. Lyon was previously
the systems architect for SS/

L's Super Power Subsystem
(SPS), which tripled the amount
of power that the company’s
satellites could generate to satisfy
the needs of newer applications.
Lyon’s descriptions of the issues
that drive power system design

for satellites illustrate why there
continue to be opportunities for
power electronics engineers in
this field. (For some examples of
recent job postings, see the online
version of this article.)

Long Life, Lack of Serviceability
Are Design Drivers

Space Systems/Loral specializes
in large geostationary satellites
which orbit in a fixed position
approximately 22,000 miles
above the equator. In addition

to radio and TV broadcasting,
these satellites are used in VSAT
(very small aperture terminal)
applications. These include
business-to-business applications
such as a retail gas station using
the VSAT equipment to transmit
point-of-sale data.

According to Lyon, the discussion
about power system design
requirements for commercial,
geostationary satellites begins with
the issue of operating life.

“When we start talking about
satellite anything, particularly
the power systems, we have to
recoghize that these things are
expected to last for at least 15 years
on orbit and there is no ability to
send the warranty truck out there
to do a repair, “says Lyon. “So
the long life, high fault tolerance/
high reliability requirement is
tantamount to what we do.”

As a result, Lyon says the number
one design driver for the satellite
power system is that it have
greater than 15-year survivability.
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This encompasses every part of
the power system from the solar
panels that generate the electricity
to the batteries that store it to the
power electronics circuitry that
processes and regulates power
for the on-board electronics (see
the Figure 1 diagram in the online
version of this article.)

But if long life is the first priority,
mass and thermal considerations
are a close second. “For these
applications rockets can only lift
a certain amount of weight, so
every kilogram is very expensive.
Consequently, there's a need

to make sure that everything is
very efficient from both a mass
perspective and also a thermal
efficiency perspective,” says Lyon.

He adds that from the customers’
perspective, the power system is
simply overhead needed to run the
equipment—what they’re buying
are the components that deliver
content. In other words, they

want to maximize the amount of
communications hardware in the
satellites, which means minimizing
the mass of the power system.

The thermal issue is multifaceted.
Power system components

need to operate efficiently, with
low power dissipation, so that
they run cool, which leads to
greater reliability and longer

life. This applies particularly

to the semiconductors in

terms of keeping their junction
temperatures low. However, the
power dissipation of all the power
system components is a concern

because of the difficulties of heat
removal.

For example, because the
equipment operates in a vacuum,
convection cooling is not an option
and all the heat generated within
the electronics must be conducted
out of the enclosure. In the end,
the mechanical design becomes as
important to the performance of
the power system as the electrical
design.

“Sometimes people forget

that every electrical design

has a mechanical design. The
mechanical engineers are equally
as critical as the electrical
engineers—and in some cases
you could argue more so—to
the successful development of
an electronics unit,” comments
Lyon. While the electronics
designers are working to make
power components operate

as efficiently as possible, the
mechanical designers are figuring
out how to get rid of the heat
generated by these components.
Lyon also notes that, on a system
level, the amount of heat that

a satellite can reject is one of
the key factors limiting overall
system performance. (Another is
the amount of power that can be
generated.)

With regard to heat removal Lyon
explains that “they [the mechanical
engineers] have to do this by
using very lightweight structures
because we need low mass and
we need to make sure things are
as compact as possible. But at the
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same time we need to make sure
all the tolerance stack ups don't
cause any interferences in the
packaging,” says Lyon who also
points to shock and vibration as
another consideration. “We have
dynamic environments. When the
box is sitting on the satellite riding
up in the rocket, it’s not exactly
riding in a Cadillac.”

Impact of Radiation

While the mechanical design is
critical to the power system, the
space environment still poses
significant electrical design chal-
lenges including those not typically
faced in the design of earthbound
power systems. According to Lyon,
the biggest difference is radia-
tion. The impact of radiation on
electronic components makes it
challenging to meet the 15-year life
requirement.

Radiation accelerates aging and
drift processes. So components,
particularly the active semicon-
ductor devices that have tight
initial tolerances on specifications
coming off the assembly line, will
experience much wider variations
in those specifications over the
operating lifetime of the satellite,
according to Lyon. These wide
tolerances must be accounted for
in the electrical design in order to
meet the satellite’s long-life objec-
tive.

Naturally, that means designers
must perform extensive worst-
case analysis on the electronics.
And that’s despite the fact that the
electronics (including the power
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electronics) are designed using
radiation hardened (rad hard)
components.

The need for rad hard components
is noteworthy for a couple reasons.
One, it illustrates one of the key
environmental challenges in the
design of satellite power systems.
But it also helps to explain the
design environment in which these
power systems are developed.
Power system designers can only
select components that have gone
through a qualification process,
which points to the role that com-
ponent and process engineers play
in these designs. Lyon describes
the way components are approved
at his company.

“We have an infrastructure in
place for buying parts and pro-
curing them and making sure
they're qualified. We don't rely

on just the design engineers to
find space-qualified parts, we
have a very long list of qualified
parts that we've used before and
are currently using. So the power
system designers have that mate-
rial available to them when they
do a design,” says Lyon. In terms
of personnel, the infrastructure is
extensive and rather specialized.
“We have many engineers. We'll
have a resistor expert, a capacitor
expert, an |C expert “all of whom
work with the vendors to make
sure the parts are qualified and
requalified as needed. If the de-
sired power components are com-
mercial parts (not space qualified)
these engineers will subject the
parts to an upscreening process

to certify them for space flight.

In addition to the component
engineers, which are referred to as
parts engineers at Space Systems/
Loral, the company employs pro-
cess engineers whose work also
impacts the power system design.
For example, process engineers
develop techniques for applying
thermal compounds and encapsu-
lating pc boards.

Beyond the components and
processes, once the power sys-
tem assemblies are designed and
built, they too are subjected to a
rigorous development and quali-
fication process. All of this helps
to explain why the satellite power
system is designed and ( with the
exception of some lowe levels of
assembly) built in-house.

To read more about power system
design in satellites, see the online
version of this article.
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THE GREEN RIFT

POWER SYSTEMS DESIGN

By Cliff Keys, Editorial Director & Editor-in-Chief, Power
Systems Design

The European communications sector
could never be classed as truly green, with

demand accelerating on portable devices and the huge power
consumption by the telecom industry for processing and

cooling.

ut it is improving. With

more emphasis on power

management and new

technologies such as SiC
and GaN emerging as real products,
there is now the hope that even this
industry can become greener. Not
only this, but the availability and
transmission of power for the heavy
users is a problem where European
governments are trying to encourage
the development of the smart grid
where solar and wind power can add
to the power reservoir. Although these
alternative or natural sources are
growing, with the current European
financial climate investment is not as
forthcoming as it could be in a thriving
world economic climate - especially in

the Eurozone.

We have also seen the sad demise
of Solyndra, the manufacturer of
innovative cylindrical solar systems
for commercial rooftops. With the
discontinuation of operations and
ceasing of business by Solyndra,
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Solyndra International AG in Baar,
Switzerland and its subsidiary Solyndra
GmbH in Holzkirchen, Germany, no
longer have access to funding. As a
result, Solyndra International AG and
Solyndra GmbH have similarly ceased
operations and are expected to file
for insolvency under the laws of their
respective jurisdictions in the coming
days.

Despite strong growth in the first half
of 2011 and traction in EMEA with
a number of orders for very large
commercial rooftops, Solyndra could
not achieve full-scale operations
rapidly enough to compete in the
near term with the resources of larger

foreign manufacturers.

This competitive challenge has been
exacerbated by a global oversupply of
solar panels and a severe compression
of prices that in part resulted from
uncertainty in governmental incentive
programs in Europe and the decline
in credit markets that finance solar

systems.

It's not all good news is it? Who knows
what will happen in the Eurozone.
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