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As Broadband Networks Proliferate,
Network Operators Need To Know Their

Power Systems Won't Shut Down.
The world's communications infrastructure

supports more business, entertainment and
education now than at any other time in history.
Because of this trend, overall system reliability has
become one of the most critical technological
challenges facing today's broadband service
provider.

Billions of dollars of electronic money
transfers traverse the communications network
daily.  Thousands of lives depend on immediate
forwarding of emergency response information.
Consumers speed data from one side of the globe
to the other without considering the sophistication
of the delivery network.

But world dependence on communication
brings both benefits and vulnerability.   It's no
longer a mere inconvenience when service is
interrupted, and downtime is not an acceptable
opt ion.  As  might  be  expected,  power
disturbances - originating from either the utility
provider or a secondary source - are one of the
most  common causes  of  downtime.  As  s
consequence, system operators are focusing on
increasing the reliability of their power systems
as one step toward improving overall broadband
system reliability.

Power reliability begins with a broadband
power system designed specifically for the
appl icat ion.  Power  system vendors  and
customers  a l ike  have  a  commitment  to
application-specific technology, which must be
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carried through to component specifications,
manufacturing standards, operating efficiencies
and maintenance programs.  The key issue is
des igning technology appropriate  for  the
application.

Broadband power  requirements  are
unique,  but familiarity with these delivery
networks is critical for evaluating proposed
broadband powering solut ions .   One key
considerat ion is  the  abi l i ty  of  a  proposed
broadband power system to withstand and
function in harsh outdoor environments.  These
include inner-city, suburban, rural, desert and
coastal environments, and they embrace every
imaginable temperature, humidity and weather
extreme.  Other conditions, such as vandalism
and natural disasters, further drain the power
system's ability to perform without interruption
and deliver clean, reliable power to the network.

Although weather-resistant enclosures
serve broadband power systems as a first line of
defense against environmental extremes, the
design of each electronic component in the power
system is equally important. Design features -
such as functionality over a wide range of
operating temperatures, battery pack thermal
management and temperature-compensated
bat tery  charging -  a l l  re f lec t  necessary
environmental requirements.

SURGE AND LIGHTNING PROTECTION
Broadband power

systems are located in
environments prone to
lightning strikes, power utility
switching, sheath currents
caused by ground faults and
other extreme power surges.
The power systems must
provide input-to-output
isolation, thereby protecting
electronics from these extreme
conditions.

Popular power systems
appropriate for broadband
applications provide up to
1000- to-1  i solat ion,
effect ively preventing surge voltages from
damaging line electronics.  This isolation ratio

Figure 1: Broadband Power System
With Surge Protection
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means that an incoming 1000V surge from the
utility line results in an output voltage surge of
only 1V.   It also provides the power system's
internal logic and monitoring circuitry with the
necessary level of protection (see Figure 1).

Massive surges can affect the system in at
least  two ways :  by  t ravel ing downstream
through the utility grid and into the system via
the  input  vol tage ,  and by using a  reverse
upstream path through the  coaxia l  cable
connection. As a result, communication power
systems must be able to manage surges that
simultaneously affect both input and output.

Recognizing the need for such protection,
power system vendors have developed outside
plant surge suppression products for most
broadband appl icat ions .  These  auxi l iary
protective devices work in conjunction with the
inherent protective characteristics of power
systems suited for broadband applications.

Until the late 1980's,  traditional cable
television content and its delivery system could
easily accommodate the typical 8 to 12 msec.
transfer time.  But with the emergence of combined
voice, video and data services, it became clear that
even milliseconds of power interruption could
cause a degradation in digital signal quality.  The
industry quickly developed uninterruptible power
supply (UPS) systems capable of meeting the
stringent requirements of broadband applications
for seamless power transfer to and from system
backup batteries.  Today, UPS-grade power systems
with backup power capabilities are a baseline
requirement for broadband networks.

The backup power component of these
systems has been greatly improved by
incorporating integrated engine generators, dual
power grid switching and enhanced thermal battery
management.

These improvements boost overall network
reliability by providing much longer backup run
time during extended utility power outages and
by enhancing battery life. However, it is not
enough to ensure that output power remains
uninterrupted during the transition from the
power utility network to the backup batteries.

DççvçíJççuçí 1000 JççÇ mçpç& kçíÀ HççÆjCççcçmJçªHç çÆmçHç&À iv DççGìHçáì Jççíuìípç
cçW nçílçç nÌ~ ³çn Hçç@Jçj çÆmçmìcç kçÀç DççblççÆjkçÀ uçç@çÆpçkçÀ DççÌj cçç@çÆvçìçÆjbiç
mççÆkç&Àì kçíÀ mççLç DççJçM³çkçÀ mçáj#çç kçÀç mlçj YççÇ Òçoçvç kçÀjlçç nÌ~

Dçl³ççÆOçkçÀ mçpç& çÆmçmìcç kçÀçí kçÀcç mçí kçÀcç oçí lçjçÇkçíÀ mçí ÒçYçççÆJçlç
kçÀj mçkçÀlçç nÌ~ Hçnuçç ³çÓçÆìçÆuççÆì kçÀçÇ mçnç³çlçç mçí [çGvçmì^çÇcç ì^ÌJçuç
kçÀjkçíÀ FvçHçáì Jççíuìípç kçÀçÇ mçnç³çlçç mçí çÆmçmìcç kçíÀ YççÇlçj DççÌj oÓmçjç
kçÀçí-SçÆkçwmç³çuç kçíÀyçuç kçÀvçíkçwMçvç kçÀçÇ mçnç³çlçç mçí çÆjJç&mç DçHçmì^çÇcç Hçç@Lç
kçÀç Fmlçícççuç kçÀjkçíÀ~ HççÆjCççcçmJçªHç kçÀc³çáçÆvçkçíÀMçvmç Hçç@Jçj çÆmçmìcç kçÀçí
çÆvççÆM®çlç lççÌj Hçj Símçí mçpç& kçÀç ÒçyçbOçvç kçÀjvçí Jççuçç nçívçç ®çççÆnS pççí
çÆkçÀ SkçÀmççLç oçívççW FvçHçáì Jç DççGìHçáì kçÀçí ÒçYçççÆJçlç kçÀjí~

Fmç mçáj#çç kçÀçÇ pç©jlç kçÀçÇ Hçn®ççvç kçÀjlçí náS Hçç@Jçj çÆmçmìcç
JçW[jçW vçí DççÆOçkçÀçbMç yç´ç@[yçQ[ DççJçíovççW kçíÀ çÆuçS DççGìmççF[ Huççbì
mçpç& mçáÒçÌMçvç GlHçço çÆJçkçÀçÆmçlç çÆkçÀ³çç nÌ~ ³çí mçbj#çCç Òçoçvç kçÀjvçí Jççuçí
GHçkçÀjCç yç´ç[yçQ[ DççJçíovççW kçíÀ çÆuçS Hçç@Jçj çÆmçmìcç kçíÀ GHç³çákçwlç
mçbj#ççÇlç ®ççÆj$ççW kçíÀ mççLç çÆcçuçkçÀj kçÀçcç kçÀjlçç nÌ~

1980 kçíÀ oMçkçÀ kçíÀ Dçblç lçkçÀ HççjbHççÆjkçÀ kçíÀyçuç ìíuççÇçÆJçpçvç
kçÀç³ç&¬çÀcç DççÌj GmçkçÀçÇ çÆ[çÆuçJçjçÇ çÆmçmìcç kçÀçí DççmççvççÇ mçí 8 mçí 12
msec ì^çbmçHçÀj ìçFcç cçW MçççÆcçuç çÆkçÀ³çç pççlçç Lçç~ uçíçÆkçÀvç Jçç@³çmç,
JççÇçÆ[³ççí Jç [íìç mçíJççDççW kçíÀ çÆJçkçÀçmç kçíÀ mççLç nçÇ ³çn kçÀçHçÀçÇ mHç<ì nçí
iç³çç Lçç çÆkçÀ Hçç@Jçj DçJçjçíOç kçÀç çÆcççÆuçmçíkçíbÀ[ YççÇ çÆ[çÆpçìuç çÆmçiçvçuç kçÀçÇ
kçwJçççÆuçìçÇ cçW çÆiçjçJçì kçÀç kçÀçjCç yçvç mçkçÀlçç nÌ~ GÐççíiç vçí MççÇIç´ nçÇ
çÆyçvçç yççOçç Jççuçí Hçç@Jçj mçHuççF& (³çÓHççÇSmç) çÆmçmìcç çÆJçkçÀçÆmçlç kçÀçÇ, pççí
çÆkçÀ mççÇcçuçíMç Hçç@Jçj ì^çbmçHçÀjcçj lçkçÀ DççÌj Gmçmçí pçáæ[í çÆmçmìcç yçÌkçÀDçHç
yçÌì^çÇ kçíÀ yç´ç@[yçQ[ DççJçíovççW kçíÀ DççJçM³çkçÀ pç©jlççW kçÀçí çÆvçYççvçí cçW mç#çcç
nÌ~ Dççpç ³çÓHççÇSmç ûçí[ Hçç@Jçj çÆmçmìcç, pççí yçÌkçÀDçHç Hçç@Jçj #çcçlçç kçíÀ
mççLç yç´ç[yçQ[ vçíìJçkç&À kçíÀ çÆuçS yçímçuççFvç pç©jlççW kçÀçí HçÓjç kçÀjvçí cçW
mç#çcç nÌ~

Fvç çÆmçmìcççW kçÀç yçÌkçÀDçHç Hçç@Jçj lçlJççW cçW Fbì^çÇûçíìí[ Fbpçvç
pçívçjíìj, [³çÓuç Hçç@Jçj çÆûç[ mJççÇçÆ®çbiç DççÌj MççÆkçwlçMççuççÇ Lçcç&uç yçÌì^çÇ
ÒçyçbOçvç kçÀçí MçççÆcçuç kçÀjvçí kçíÀ yçço kçÀçHçÀçÇ DççÆOçkçÀ mçáOççj Dçç³çç nÌ~

Fvç mçáOççjçW mçí DçHçí#ççkç=Àlç uçbyçí yçÌkçÀDçHç mçb®ççuçvç kçíÀ mçcç³ç çÆJçmlç=lç
Fmlçícççuç Hçç@Jçj Dçç@Gìípç DççÌj yçÌì^çÇ kçÀçÇ pççÇJçvçDçJççÆOç cçW yçæ{çílçjçÇ mçí
vçíìJçkç&À Yçjçímçícçbolçç cçW mçáOççj Dçç³çç nÌ~ nçuççbçÆkçÀ ³çn mçáçÆvççÆM®çlç kçÀjvçç
Hç³çç&Hlç vçnçR nÌ çÆkçÀ Hçç@Jçj ³çÓçÆìçÆuççÆì vçíìJçkç&À mçí yçÌkçÀDçHç yçÌì^çÇ cçW HççÆjJç&lçvç
kçíÀ oçÌjçvç Hçç@Jçj DçyçççÆOçlç jníiçç ~
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ANALYZING WAVEFORMS
The nature  of  that  power  and the

transition's effect on power characteristics is
equally important.  Unless the system has been
provided with a way of controlling the output
waveform,  unstable  power  can introduce
frequency transients and other disturbances that
can interfere with the signal and the operation
of processing equipment.

The output waveform can become distorted
whenever utility power is interrupted and the
backup inverter takes over.  The same thing can
happen when the system reverts to utility power.
Therefore,  power systems,  must be able to
analyze the utility waveform and confirm that it
is stable before switching back to utility power.
When this transition takes place, the system must
instantly synchronize the power from its inverter
with the waveform arriving from the utility
network.  The higher-quality systems available
today accomplish these seamless synchronous
transfers without compromising efficiency or
battery life.

Steep growth in the number of telecom
users  and the  added sophist icat ion of  the
networks used to deliver the services have
caused a dramatic increase in power demand.
Because power requirements and their associated
costs  are  c l imbing,  system designers  now
carefully scrutinize the power efficiency of each
system component.

This is especially true of larger systems in
which efficiency losses can be high. According
to conservative estimates, a mere 5% increase in
the operating efficiency of a broadband power
supply multiplied over 200 network power
supplies can produce average annual power
savings of $50,000.  Considering that many
networks require far  more than 200 power
supplies, their operating efficiency is clearly an
important criteria in power supply selection.

While power supply operating efficiency
has become a familiar topic, the issue goes much
deeper than just  a  single eff iciency rating.
Broadband power  loads  are  not  constant ,

JçíyçHçÀçcç& kçÀç çÆJçMçuçí<çCç
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pçyççÆkçÀ Fmlçícççuç DçyçççÆOçlç nçílçç nÌ DççÌj yçÌkçÀDçHç FvJçì&j mçcççHlç nçílçç
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³çn mçb¬çÀcçCç nçílçç nÌ lççí çÆmçmìcç çÆvççÆM®çlç lççÌj Hçj ³çÓçÆìçÆuççÆì vçíìJçkç&À
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³çç ÒçYççJçMçççÆuçlçç kçÀçí MçççÆcçuç çÆkçÀ³çí çÆyçvçç jnlçç nÌ~

ìíuççÇkçÀç@cç FmlçícççkçÀlçç&DççW kçÀçÇ mçbK³çç cçW lççÇJç´ yçæ{çílçjçÇ DççÌj Fvç
mçíJççDççW kçÀçÇ çÆ[çÆuçJçjçÇ kçíÀ çÆuçS vçíìJçkçÀçX kçíÀ mçlçlç HççÆj<kçÀjCç kçÀç
Fmlçícççuç kçÀjvçí kçíÀ kçÀçjCç Hçç@Jçj cççbiç cçW vççìkçÀçÇ³ç yçæ{çílçjçÇ náF& nÌ~
Hçç@Jçj pç©jlççW kçíÀ kçÀçjCç DççÌj Gvçmçí pçáæ[í Kç®ç& cçW yçæ{çílçjçÇ kçÀçí oíKçlçí
náS çÆmçmìcç çÆ[pççFvçjçW vçí Dçyç çÆmçmìcç kçíÀ Òçl³çíkçÀ lçlJççW kçÀçÇ Hçç@Jçj
#çcçlçç kçÀçí mççJçOççvççÇHçÓJç&kçÀ HçjKçvçç Mçáª çÆkçÀ³çç nÌ~

³çn yççlç Gvç yçæ[í çÆmçmìcççW kçíÀ çÆuçS mçnçÇ nÌ pçnçb kçÀçÇ ÒçYççJçMçççÆuçlçç
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nÌ~ cççvç uçW çÆkçÀ kçÀF& vçíìJçkçÀçX kçÀçí 200 mçí DççÆOçkçÀ Hçç@Jçj DççHçÓçÆlç& kçÀçÇ
pç©jlç nçílççÇ nÌ lççí GvçkçÀçÇ mçb®ççuçvç ÒçYççJçMçççÆuçlçç Hçç@Jçj DççHçÓçÆlç& ®çávççJç cçW
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SkçÀDççíj Hçç@Jçj DççHçÓçÆlç& ÒçYççJçMçççÆuçlçç pççvççÇ-Hçn®ççvççÇ ìç@çÆHçkçÀ yçvç
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especial ly with hybrid f iber/coax systems.
Telephony and other
re lated communicat ion
services, for example, can
double  the  amount  of
required power  during
peak load demand periods.
Because it is unusual for a
power supply to operate
consistently at 100% load,
it is important to evaluate
efficiency in partial, full
and even over load
operating conditions.

Three types of
technologies are commonly
used for power systems:
standard ferroresonant-based transformer
technology, dual conversion technology and newer-
generation controlled transformer technology.

The s tandard ferroresonant-based
transformer technology is more efficient in all
modes than typical dual conversion technology
(Figure 2).  Dual conversion technology is less
efficient because it must convert the incoming AC
to DC, which it then converts back to alternating
current for output to the load.

However ,  the  operat ing ef f ic iency of
controlled transformer technology is better than
either of these.  Not only are the efficiency ratings
of the other technologies lower at partial loads,
but they also decline rapidly at loads higher than
100%.  Conversely, power systems employing
newer technology either increase or uphold their
efficiency at higher loads and maintain excellent
operating efficiency over the entire load range.

OTHER CONSIDERATIONS
Two other considerations for broadband

networks are input power factor, and input and
demand management.

As  power  demands increase  and
deregulation causes power utilities to become
more competitive, more service providers will be
billed based on power factor, which is an input

Figure 2: Power System
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kçw³ççWçÆkçÀ ³çn çÆvççÆM®çlç lççÌj Hçj DççvçíJççuçí SmççÇ kçÀçí [çÇmççÇ cçW HççÆjJççÆlç&lç kçÀjlçç
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FvçcçW mçí çÆkçÀmççÇ mçí YççÇ Dç®sçÇ nçílççÇ nÌ~ vç çÆmçHç&À Dçv³ç lçkçÀvççÇçÆkçÀ³ççW kçÀçÇ
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lçkçÀvççÇkçÀçÇ Hçj DççOçççÆjlç Hçç@Jçj çÆmçmìcç ³çç lççí Fmçí yçæ{çlçç nÌ ³çç çÆHçÀj
G®®çlçj uççí[ Hçj GvçkçÀçÇ ÒçYççJçMççÇuçlçç kçÀçí DçHçnçíu[ kçÀj mçkçÀlçç nÌ
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Hçç@Jçj kçÀçÇ cççbiç yçæ{vçí DççÌj Hçç@Jçj ³çÓçÆìçÆuççÆì kçíÀ kçÀçjCç çÆ[jíi³çÓuçíMçvç
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power  usage  ef f ic iency rat io  with  values
typically ranging from 0.5 to 1, with 1 being the
ideal power factor.

For many involved in the design of
traditional broadband networks,  input power
factor and its effect on demand charge has not been
a significant issue.  However, this situation may
soon change.

Newer-generat ion broadband power
systems provide an average input power factor
of 0.98, very close to the ideal. As alternative
technologies are introduced, they must meet the
efficiency benchmarks already set by industry-
leading products.

Another concern is that, unless appropriate
provisions are included in the design of  a
broadband power system, wide variations in
utility input voltages and high levels of load
variation can play havoc with the reliability of a
broadband system.

An input voltage window wide enough to
accommodate a broad voltage range must be an
integral part of broadband power system design.
A wide input voltage window translates directly
into extended life for the power system and its
bat ter ies ,  especia l ly  in  areas  experiencing
frequent reduced voltage brownout conditions.
Systems with an input voltage window that is too
narrow will  switch to battery backup more
frequently and thereby shorten the life of the
batteries and power system.

Additionally, the broadband power system
design should enable it to perform effectively at
up to 150% of normal load during short periods
of peak demand.

Broadband power systems featuring robust
design and technologies capable of delivering
efficient,  reliable performance are available
today. As other technologies emerge, they must
match or exceed the reliability and performance
of today's systems.

More than ever before, reliability must be
the watchword for broadband networks and their
respective power systems. 
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Hçj MçççÆcçuç nçílçç nÌ, çÆJçMçí<ç ªHç mçí Gvç #çí$ççW cçW pçnçb ncçíMçç kçÀcç
Jççíuìípç yç´çGvçDççGì kçÀçÇ nçuçlç jnlççÇ nÌ~ FvçHçáì Jççíuìípç çÆJçb[çí kçíÀ
mççLç çÆmçmìcç pççí çÆkçÀ FlçvççÇ lççÇ#Cç nçílççÇ nÌ çÆkçÀ çÆmJç®ç mçí yçÌì^çÇ yçÌkçÀDçHç
kçÀçHçÀçÇ pçuoçÇ nçílççÇ nÌ DççÌj pççí çÆkçÀ yçÌì^çÇ Jç Hçç@Jçj çÆmçmìcç kçÀçÇ
pççÇJçvçDçJççÆOç kçÀçí Içìç oílçç nÌ~

FmçkçíÀ DçuççJçç yç´ç@[yçQ[ Hçç@Jçj çÆmçmìcç çÆ[pççFvç kçÀçí mç#çcç yçvççlçç
nÌ çÆkçÀ ³çn pçyçjomlç cççbiç kçíÀ oçÌjçvç Dççcç uççí[ kçÀçí 150 HçÀçÇmçoçÇ lçkçÀ
ÒçYççJçMççuççÇ lçjçÇkçíÀ mçí ÒçoMç&vç kçÀjvçí cçW mç#çcç yçvççlçç nÌ~

yççpççj cçW þçímç çÆ[pççFvç DççÌj ÒçYççJçMççuççÇ çÆ[çÆuçJççÆjbiç mçí
³çákçwlç, Yçjçímçícçbo ÒçoMç&vç kçÀjvçí Jççuçç yç´ç@[yçQ[ Hçç@Jçj çÆmçmìcç Dççpç
GHçuçyOç nÌ~ Dçv³ç lçkçÀvççÇkçÀçW kçíÀ GYçjvçí kçíÀ mççLç nçÇ ³çn pç©jçÇ nÌ çÆkçÀ
³çn Dççpç kçíÀ çÆmçmìcç kçíÀ ÒçoMç&vç DççÌj Yçjçímçícçbolçç kçÀçí yçæ{ç³çí ³çç çÆHçÀj
Gmçmçí cçÌ®ç kçÀjí~

uçíçÆkçÀvç mçyçmçí cçnlJçHçÓCç& yç´ç@[yçQ[ vçíìJçkçÀçX DççÌj Gvçmçí mçbyçbçÆOçlç
Hçç@Jçj çÆmçmìcç kçíÀ çÆuçS Yçjçímçícçbolçç oíKçvçí JççuççÇ yççlç nçíiççÇ~ 
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