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Of Radio Signals

Clarence Beverage Talks
About Designing Radio

Stations to Put the Signal a changing environment. Changes in 198 kHz Gl 198 kHz
Where You Want It VSWR, an adjustment in the output power 129 kHz 129 kHz
of the transmitter, a change in amplifier 102 kHz 102kHz

By Michael LeClair

of our radio broadcasting system. In
order to create a reliable and consis-
tent broadcast service,

E ngincering consultants are a bedrock

rules and laws

have been fashioned, creating standards |

for the way we use the basic physics of
radio communications. Over the many
years since radio began, these rules have
sometimes been changed to reflect new
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Improved Spectral Compliance for FM HD Radio
Using Digital Adaptive Pre-Correction

Feedback Technique Ensures Minimal Interference
Under Varying Load Conditions

By Tim Hardy

The author is head of development for
Nautel Ltd. in Bangor, Maine.

D Radio implementation has intro-
Hduced a great deal of discussion about
spectral re-growth problems when
digital carriers intermodulate with the pr-

the effects of transmitter system non-linear-
ity giving rise to the out-of-band emissions.

However, conventional fixed pre-correc-
tion techniques have not provided a suffi-
cient solution to ensure spectral integrity in

temperature, or aging and failures of RF
amplifiers can result in serious transgres-
sions of the HD Radio mask and interfer-
ence with other stations

This paper presents theory and mea-
sured performance of digital adaptive pre-
cortection under unsiable environmental
conditions. Comparison is made between
fixed pre-correction curves and adaptive
pre-correction under typical conditions at
broadcast sites.

BACKGROUND

The trend in the broadcast industry is
now toward digital communications stan
dards. The Ibiquity FM HD Radio system
employs a digital modulation technology
known as Orthogonal Frequency Division
Multiplexing, or OFDM. This modern com-
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Fig.<1: Hybrid FM HD Radio Spectrum

munications technique provides both excel-
lent bandwidth efficiency and high toler-
ance to the multipath fading environment
common in urban settings.

All HD Radio systems going on the air
today are “hybrid” systems, which means
the transmitted signal consists of both an
analog FM modulated portion and digitally
modulated OFDM carriers. The digually
modulated portion consists of many
Quadrature Phase Shift Key modulated
OFDM carriers spaced 363 Hz apart. The
carrier spacing and carrier symbol rate are
such that they are orthogonal, they do not
interfere with cach other. In the bhasic
hybrid mode the "main™ OFDM spectrum

contains 382 carriers from approximately
130 kHz to 200 kHz, both above and
below the channel center frequency:

In the extended hybrid modes the spec-
trum contains up to 534 carriers {rom
approximately 100 kHz 10 200 kHz, both
above and below the channel center ire-
quency (see Fig. 1)

With the introduction of OFDM, trans-
mitter designs have had to evolve due to
a new requirement: lincarity. Traditional
FM transmitters operated highly nonlin-
ear class C amplifiers. This was accept
able due to the constant envelope nature
of the FM signal. The OFDM envelop
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Full Steam Ahead

By Michael LeClair

NAB Broadcast Engineering
Conference 1n April was its usual
hotbed of new ideas and equipment

introductions. But more than anything, the
central theme for radio broadcasters at
NAB2005 continues to be the developments
in digital radio.

For HD Radio

As if this was not enough, the new infor-
mation capabiiities of HD Radio were high-
lighted as the first implementations of
Program Associated Data are now being
shown. Multiple channels of PAD can be gen-
erated to match multiple program streams.
With a comparatively generous data rate, con-

Imagine the power of being able to create a

completely new radio program stream in the top 10

radio markets of the country with the addition of a

modest quantity of new equipment.

Everywhere vendors showcased products
that were aimed at digital radio. Several man-
ufacturers launched new transmitters that are
IBOC-compatible, both on the AM and the
FM side. Even over at Continental
Electronics, they had a tube transmitter on
display that could successfully pass IBOC,
although the majority of new transmitter
products were solid-state. Also on exhibit
were new audio processors specifically aimed
at digital radio, now incorporating the audio-
delay circuitry to eliminate the risky strategy
of using a computer as a critical component
of the analog program chain.

But it was the unfolding of new possibili-
ties for digital radio that was the real eye-
opener at the show.

THE NEXT GENERATION

While hundreds of stations were busily
deploying digital radio in its first-generation
form, it turns out that manufacturers were
just as busy developing 1he second-generation
architecture, which can do even more than
the onginal. In one important change, new
designs now allow the audio processor to
return to the studio from the transmitter, and
save costs on the STL at the same time by
reducing the amount ot data needed for the
digital signal.

This is particularly important in light of
the demonstration of multicasting, or the
transmission of multiple audio program
streams over the digital portion of the FM sig-
nal. A local Las Vegas radio station was hroad-
casting no fewer than three discrete audio
streams and offering listening tests on the
floor in a car with a prototype receiver.
Prototype portable receivers were also shown
on the lloor.

Imagine the power of being able to create a
completely new radio program stream in the
top 10 radio markets o the country with the
addition of a modest gaantity of new equip
ment, compared to the cost of purchasing or
attempting to license a new station.
Multicasting is real, and it is coming to HD
Radio now. This capability will have a trans-
forming effect on our industry.

sidered next to the current RBDS system, cre-
ative possibilities are just beginning to be
explored.

To coincide with this display of new
equipment, the National Radio Systems
Committee formally voted to implement the
technical standard for IBOC based on Ibiquity
Corp.s HD Radio system. This scemingly
small step is actually quite crucial as it moves
the regulatory process to the final stage of set-
ting rules for digital radio so that radio sta-
tions, receiver manwacturers and broadcast
equipment companics can move forward in
the knowledge they will be working toward a
common goal.

MORE CAPABILITIES

I have 1o admit my own surprise at the
sheer speed at which HD Radio is taking off
in just the three or four years since people
first began to regularly operate those early
experimental digital radio signals, often put
together with prototype equipment and with
no receivers available 1o even monitor their
own broadcasts.

With the weight of literally thousands of
group-owned radio stations formally commit-
ted to digital conversion, many of which
made announcemenis at the Consumer,
Elcctronics Show in January, HD Radio is
going full stcam ahead. In my own market,
digital conversions are happening so quickly

that in some cases they are getting stacked up
due to a lack of local engineering staff to han-
dle the equipment installation.

This deployment speed is being matched
by the design of secondt-generation hardware
with expanded capabilities. During the many
years the HD Radio system was under devel-
opment, we have heard hints and ideas of
what could become possible with a digital
system. At a remarkable rate, new hardware is
being released that expands the capabilities of
HD Radio to meet the growing demand for
this new system. As the advantages of digital
radio become more widely understood, what
once scemed a far-off goal, the complete con-
version to digital broadcasting, may be nearer
than we think.

Michael LeClair

Taking a step back, it is hard not to have a
sense of wonder at being a part of the creation
of an ertirely new radio broadcast system that
will likely be at the heart of mass communica-
tions for decades. To put it another way, this
is a good time to be a radio engineer. The cre-
ative process of building new systems is what
aitracted most of us to radio enginecring in
the first place. We have a great opportunity o
bring this new system to life and take prde in
the work we do as engineers.

In this issue, we have a fine techmcal
paper from Tim Hardy, head of development
at Nautel, explaining adaptive correction and
its use in lincar amplifiers for IBOC. For AM
engineers, sharpen your pencils and follow
along with Cns Alexander as he exphins the
basics of broadbanding AM radio stations.

We also have Ben Dawson on d-plexing
AM stations on a common antenna and some
of the pitfalls to avoid.

Ir the continuation of our Designer
Interview series, Clarence Beverage taiks
abow the role of the engineering consultant
in building new radio stations. Finally in this
issue for the first time we will begin printing
some of the letters that we are getting from
readers

Want o join in the conversation? E-mail
ybur comments, suggestions and ideas to me
at mlrwee@verizon.net. B

The Engineering of
Radio Signals,

By Michzel LeClair

Improved Spectral
Compliance for FM HD

Radio Using Digital

Adaptive Pre-Correction,

By Tim Hardy I

Isolation Requirements
in Diplexed Medium-
Frequency Antenna
Systems,
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AM Anterma Systems,
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ways of using the electromagnetic spectrum. It
is the enginecring consultant who takes these
basic principals and applies them to the design
of new radio facilities.

In this issuc’s interview we speak with
Clarence Beverage, president of Com-
munications Technologies Inc., a broadcast
engineering consulting firm in Marlton, N.J., in
the suburbs of Philadelphia.

Please explain the role of an engineering
consultant in a typical broadcast project

That is a very interesting question since
there are so many different ways that a pro-
ject can go or that a client might ask for
assistance. Let’s take one example and work
that through as a starting point.

An AM station has lost, or is going to
lose, its site. Let’s assume the station is a
regional facility operating with nondirec-
tional day and directional night antenna
systems. The owner knows that they need a
new site at a minimum. An astute owner is
aware of options such as diplexing, city of
license coverage requirements, FCC grand-
fathered overlap regulations and the
requirement to reduce night power in
directions where you are in another sta-
tion’s 50 percent RSS night limit.

Our first task is to do day and night allo-
cation studies to ascertain the radiation lim-
its in all directions. With that information,
along with population density data for the
market, we can begin to describe an area to
locate the new site. That area is examined
by using aerial photos, terrain maps and

other resources to further refine the study
area. Part of the study process involves the
identification and efimination of areas that
are unusable due to proximity to high-ten-
sion power lines, aeronautical paths that
restrict tower height, natural obstructions
and land use restrictions.

At this stage, we have a good idea of
how many towers are required and prop-
erty dimensions. Work with local station
people, real estate experts, a planner, a civil
engineer and a local land-use attorney
begins as specific parcels are considered.
Once the property is pinned down, the
final antenna system design can be per-
fected and an FCC application for construc-
tion permit prepared. In some cases, a test
transmitter facility may be erected to obtain
local soil conductivity data allowing for
facility maximization. (See Fig. 1.)

From that description it appears that a con-
sultant should be involved at the very begin-
ning of a project?

That is true and it saves the station a lot
of wasted time and effort if they seek expert
input before they make decisions that can-
not be altered. On more than one occasion
we have seen an AM station owner agree 1o
the sale of a site, due to the land value, only
to find out after the fact that there are no
suitable alternative sites that can be
afforded.

What types of services do you provide as part
of a project? Do you assist in purchasing of
equipment also, such as towers, transmission
line, transmitters, etc?

Our first function is to specify the best
possible transmission facility design in the

RADIO
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FCC application for construction permit.
One has to look carefully at the available
land dimensions, signal restrictions and
tower height limits to design an antenna
system that will be stable, absent deep nulls
in the pattern where possible, and have
good pattern and impedance bandwidth for
both analog and HD transmission.

Once the design is complete we like to
work with the client to develop a set of bid
specifications to send out to equipment
vendors and installers. The specifications
can be as simple as a set of uniform stan-
dards so that the bids are truly “apples to
apples.” In other cases, we specify the phas-
ing equipment at the component level, and
provide detailed site plans and surveyor
oversight in terms of locating the towers on
the property.

We like to have bidders come to the job
site so that they are familiar with local con-
ditions. Frankly, none of us are perfect.
Bidders often will see something, based on
their experience and expertise, which is the
best way to do a particular job. We encour-
age that type of response and often find
that the station can save significant costs
when an open-minded approach is taken to
the bid review process.

Conversely, some companies often bid
unnecessarily high thinking that their repu-
tation means that they deserve the job
despite the cost. A good bid specification
allows the station to clearly understand what
is being bid and what the true costs are.

What can a consultant do before a station is
built or modified to analyze and improve
potential coverage?

This is a nice opportunity to segue us to
the FM and TV area. | know that the focus of
this newspaper is radio, but | would like to
touch on TV as well since the physics of wave

World Radio Histo

propagation is equally applicable to FM and
VHF TV.

We started using the Longley-Rice method
for predicting real-world signal levels almost
30 years ago when our only source for the
technology was the NTIA (National
Telecommunications and Information
Administration) Telecommunications
Analysis Services Time Share facility in
Boulder. The FCC method of computing dis-
tance to contours only looks at terrain eleva-
tions out to a distance of 10 miles from the
transmitter site, and no more. The Longley-
Rice method looks at terrain from the trans-
mitter to the receiver allowing a much more
precise computation of signal level at the
receiver. (See Fig. 2 on page 6.)

In the early '90s, innovative engineers/pro-
grammers such as Dr. Harry Anderson at
EDX Engineering in Eugene. Ore., brought
Longley-Rice propagation study capability to
the personal computer. In the intervening
years, accuracy has been increased through
the use of better terrain databases and the
ability to integrate land-use data into the cal-
culations. Today we are seeing even greater
accuracy as satellite procured terrain data is
being error-corrected and brought online.

Is there a field component to your work or
does it mostly involve computer modeling
these days?

It is very important to be able to validate
predicted signal levels with measurement
data. We have been involved in a significant
amount of TV field strength measurements in
the last few years in varied venues. We have
looked at TV field strength levels off the
Empire State Building and 4 Times Square,
both NTSC and DTV, at both VHF and UHF
and have done a number of TV signal level
studies for head end locations in urban areas

BEVERAGE, PAGE 6
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such as Dallas/Fort Worth and for some small
communities in southern California.

Universally, we have found that the
Longley-Rice method is a helptul tool to
determine estimated signal levels but that the
results are only a ball park and rarely correct
to within a couple of dB. One of the reasons
for this is that the software does not yet have
the ability to quantify local building structures
and foliage that significantly impact the signal
level.

Every firm has their own way of doing
things. In our case, we have built a network
of excellent, highly experienced and reliable
field engineers around the country that we
can rely on for fieldwork. This often saves the
client transportation time and gives us the
benefit of using people in a given geographic
area who are aware of local conditions and
resources that an outsider may not be aware
of.

To answer your question, there is a lot that
can be done by the computer but good, accu-
rate field daia is still very important as well.

Another example is AM field strength mea-
surements. [n some portions of the country
we have found that the FCC M3 theoretical
soil conductivity map overstates the actual
soil conductivity. In that case, taking field
strength measurements on existing facilities
will demonstrate that their contours are
located closer to the site allowing more room
for the client station to increase the size of its
service area. The FCC requires that the per-
formance of a new AM directional antenna
system be verified by field strength measure-

ments and the adjustment and measurements
associated with this can be time intensive and
expensive. (See Fig. 3.)

What are some of the mast difficult projects
you may have worked on?

We have been fortunate to work on a
number of interesting projects through the
years and to work with a number of inter-
esting people in the process.

One of our true long-term projects is the
WFUV(FM), Fordham University, FM
transmitter site implementation project in
New York City that Radio World readers
will recall reading about through the years.

Fordham first filed an application for CP
10 build full Class B NCE FM facilities with
the FCC in 1983. A long comparative pro-
ceeding, followed by a dispute concerning
environmental aesthetics with the New
York Botanical Garden, resulted in
Fordham halting construction of its 480-
foot self-supporting tower at the 260-toot
level in 1997.

Fordham and The Botanical Garden,
with its own set of experts, worked
together to ultimately secure City approval
to construct a new tower and antenna sys-
tem on the rool of a residence complex on
the edge of the Montefiore Hospital campus
in the Bronx. The final design implemented
a 10-bay, polynomial feed antenna designed
to carefully control the elevation pattern
and provide full protection to sensitive
medical electronic equipment in nearby
medical buildings.

On April 7, 2005, the FCC issued a con-
struction permit to Fordham and the
University anticipates construction to be
completed in early 2006, ending an essen-
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tially quarter-century-long upgrade project.

This is a good place to point out the skill
sets that a client may need to look for in a
broadcast engineering consultant. An FM
project like the Fordham project, and many
AM site changes, require that the engineer
have experience in providing expert testi-
mony before government boards concern-
ing FCC rules and RF safety, an ability to
work with and appreciate the limitations
placed on a project by environmental spe-
cialists, land-use experts, civil engineers,

Alpha Micro Systems. That computer sys-
tem cost nearly $20,000 and used a 4 MHz
CPU. You can imagine how long it took to
crank out detailed computations; and
everything that was output still had to be
hand-plotted on maps.

Needless to say, the prime broadcast
software vendors, Radio Soft and V-Soft,
have integrated their software in a
Windows environment allowing good
graphic output and mapping capability
with significant accuracy.
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Fig. 3: Digital AM Signal Strength Meter

project planners, contractors, adjacent
property owners, local legal counsel and
FCC legal counsel.

Can you talk a bit about how radio broadcast
engineering has changed over the last 20
years?

I think the biggest changes have been
associated with the ability to do computa-
tions on a PC with accuracy and precision.

In the late '70s, we bought our first
multi-user mainframe, manufactured by

On the field side, we see modern
reccivers by companics such as Z
Technology and Audemat, which allow
field strength, GPS positioning and map
ping data to be integrated together to
provide good, comparative signal level
data lor station use. On the AM side we
arc at a point where the use of a micro
processor-based product has resulted in
the introduction of practical, digital,
hand-held, AM field strength meters.
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Articles Are Keepers

I can't believe how great
“Engineering Extra” that I just read is.
I'm really hoping that the articles by
David Maxson and Bob Surette will show
up eventually at the Web site with the
graphics.
Thanks for the awesome job.
Dave Obergoenner
Director of Engineering
Zimmer Radio Group
Cape Girardeau, Mo.

the

AM Interference
Overstated

I read your Radio World Engineering
Extra (Feb. 23) this past weekend and
found it to be jam packed, cover to cover
with good stuff. Rackley, outstanding,
most of LeClair, Schrag, Westberg,
Whitlock, Guy Wire, great perspective
Blesser ... page after page terrific.

Radie Werdd =

UENGINEERING EXTRAY .=
GIFECENTTE Evaluation and Improvement of
’ AM Antenna Characteristics

My only issue with the otherwise fine
picce by Michacel LeClair was that his con-
clusions concerning AM nighttime 1BOC
interference are not correct. The truth is,
for all but the clear channel AMs, co-
channel analog AM stations are and will
continue to be the greatest source of inter-
ference. Co-channel interference causes
tune-out in the vast majority of cases long
betore IBOC energy has any impact. Most
of the letter writers and columnusts don’
really understand the mechanics of the
existing analog interference or that cre-
ated by 1BOt

Glynn Walden
Marlton, N J.

Ed. Note: Glynn Walden was instrumen-
tal in the development of IBOC; in honoring
him with its Radio Engincering Achievement
Award, NAB called him “the visionary of the
concept, technical design and cconomics of
AM and FM in-band on-channel digitul
radio broudcasting.”

Too Much Math?

Thanks tor the RWEE that keeps on
coming,

i would say 1 am more ol a TV person
now since I've been with TV for the last

nine years. Prior to that, | was doing
radio engineering for 13 years and just
find myselfl reading every article of
RWEE, especially the stuff on direc-
tional MW antennas, which | used to
work on.

The topics are good except for some
that may be using too much math to
explain concepts. Not that math is bad,
since it does not go beyond high
school trigonometry anyway. It is just

that for a regular radio technician or
engineer, the agenda is, “How can | use
this information to do a better job in
the station? To come up with better
solutions in my facility design or pro-
jects?”

Although | am sure that a lot of read-
ers from manufacturing companies are
devouring the contents of RWEE, 1
would presume that the primary target,
and correct me if I am wrong, are peo-

ple manning the stations, those who are
in for the daily grind.
Thanks and more power to RWEE.
Rolin Lintag
RF Engincer
Victory Television Network
Little Rock, Ark.

What'’s your opinion on this topic? Write to
mlrwee@verizon.net or radioworld@imaspub.
com.

STAC'EM!

No matter what they're talking about, STAC is the best way

to manage your calls.

STAC (Studio Telephone Access Center) puts you in control

of your talk shows, requesticontest lines, call-ins and phoners
with great sound, ease of operation and scalable contigura
ton. Incorporating a pair of Comrex high-performance digital
hybnds. STAC provides the most natural sounding telephone
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The STAC system is available in six (STAC 6) and twelve (STAC 12)
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Is HD Radio a good idea for AM or will side
effects, such as increased interference in
some cases, make the system untenable?
Does the prospect of converting the entire
band to a digital system have an impact on
the design of AM systems today?

I am always concerned when a new
technology has a negative impact on exist-
ing listeners. There is no doubt that there
have heen cases of stations reaching a par-
ticular market scgment with a weak AM
signal and having that signal essentially
made unusable by the sideband energy of a
much stronger second- or third-adjacent-
channel signal.

I think there are two answers to your
question. One is that transmitter manufac-
turers, antenna system designers and the
firm doing the system adjustment take on
the responsibility to reduce spectrum
regrowth products to the lowest possible

value, not just the Ibiquity minimum allow-
able value. It may cost a bit more to do
that, but I think that is a matter of integrity
and responsibility on the broadcasters part
as a good neighbor. The adage “do unto
others as you would have them do unto
you" is definitely at play here.

Second, there does have to be some give
and take in order that the system install
base can be developed and a listener base
established. The same thing is occurring in
TV where there is some allowed interfer-
ence from DTV during the transition phase
to all-digital.

Ultimately, | believe that AM HD will be
a benefit to AM; but owners need to begin
to ask two key questions. One, how will my
existing service area change during the
transition, and, two, what will my final HD
Radio service area look like?

How about FM IBOC? How is this affecting
how stations are being designed?

There are significant changes that we are
seeing on the FM side.

When stations purchase a new antenna
they arc looking to be sure that the
antenna is designed to give them sure HD
transmission capability even if they are
not ready to buy the transmitting equip-
ment at this time. Stations buying new
analog transmitters are looking at high-
level combining, and, if that will be their
choice, being sure that the transmitter
has the added headroom for HD com-
bined operation. New products were
released for spring NAB 2005. The trend
continues toward having the HD equip-
ment at the studio to allow full flexibility
for the future including multichannel
uses as well as data. This places new bur-
dens on the studio-to-transmitter link for
significant Mbps data capacity.

Do you have any comments on the ongoing
controversy about LPFM? Is there really no
chance for interference as Mitre suggests or
should broadcasters remain cautious in this
area?

At this point we are really beyond the

Mitre report in my opinion. On March 17,
2005, the FCC released a Second Order
and Further Notice of Proposed
Rulemaking. At the same time, a freeze on
the processing of pending FM-translator
applications was put into effect. It scems
clear that Congress thinks that the third-
adjacent-channel restriction should be
removed and that the FCC has the com-
ment process underway. In my opinion,
broadcasters should consider filing
informed Comments and Reply
Comments with the commission realizing
that it is likely that the restriction will be
implemented in new Rules. In that cir-
cumstance, my feeling is that comments
would want to go toward what is a legiti-
mate interference complaint and how it
should be handled.

The items had yet to be published in the
Federal Register at press time; comments were
to be due 30 days upon publication of the
Second Order of Reconsideration and Further
Notice of Proposed Rulemaking (MM Docket
99-25). R
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has large-scale variations due to the
changing constructive and destructive
interference of the individual RF carriers.
This interference is caused by an effec-
tively random phase relationship due to
their differing frequencies and modulat-
ing data streams.

While the answer to the linearity prob-
lem lies in part in the design of the ampli-
fiers themselves, correction techniques are
also required in a practical implementation.

LINEARITY AND THE EFFECT
ON SPECTRUM

Interference is one of the most signifi-
cant potential problems when working with
the HD Radio FM system. The signal
broadcast by any transmitter may be
broadly categorized into two classes: inten-
tional and unintentional emissions.
Intentional emissions include the FM signal
and the OFDM signal.

Unintentional emissions include RF har-
monics, spurious emissions and noise.
While some interference problems may
have been caused by intentional emissions,
the focus of this paper is on the mitigation
of unintentional emissions due to amplifier
nonlinearity. All real amplifiers deviate to
some degree from the ideal requirement
that the gain is independent of input volt-
age. Generally, gain is reduced as input lev-

—

L

1dB

Gain

-2d8

Input Power

Fig. 2: AM-AM Characteristic

els increase toward amplifier saturation (see
Fig. 2). This is referred to as AM-AM dis-
tortion.

AM-AM distortion may be described by
a function that relates the magnitude of the
instantaneous gain to the instantaneous
input magnitude.

D

V=8 (W)

Alternately, the AM-AM characteristic
can be modeled by a Taylor series expan-
sion relating the instantaneous input volt-
age magnitude to the instantaneous output
voltage magnitude. Either equation 1 or 2
may accurately represent the AM-AM char-
acteristic of a typical amplifier.

2)

w.l=

n

alV|+a | +al| . a,W

“There are sound reasons why Rintronic is on
the label of every directional facility | am

Power

3w—2w, 200, @,

Frequency

v

, 200,00, 3w,—2m,

Fig. 3: Output of Fifth-Order Model With Two-Tone Input

The first term of the expansion is the linear
term. The coefficient a, is the small signal gain
of the amplifier. For an ideal amplifier, all
higher-order coefficients would be zero. Even-
order terms of the Taylor series are often not
used as they cannot produce any distortion
terms in the band of the fundamental RF
term.' The effect of this nonlinear model can
be illustrated by driving this function with a
two-tone input signal.

- V. = cos(w,)+ cos(w,r)

responsible to maintain.”

After installing a new Kintronic Wide-Band Directional Antenna System,

Gary Ellingson said:

balanced; these are just afew terms I would use to

rib AEing qunpment from KintromiC'Caboratories. With Kintronic
on your DA ccessful and maintainable system |s a realistic

goal.”

[ Soune LOr il Rcadv AM Antemrm™systems!

The response of the Taylor series model
to a two-tone input signal can be deter-
mined by expanding and using trigonomet-
ric identities. In addition to the
fundamental and harmonics of the input
tones, distortion products are produced.
Third-order intermodulation products,
IM3, result from the third-order term of the
Taylor series.

IM3 occurs in the spectrum at the fol-
lowing frequencies:
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Gary L. Ellingson, CPBE
Director of Engineering
Northwestern College Radio

KNWC-AM/Sioux

423.878.3141 fax.423.878.4224 Email: kti@kintronic.com www.kintronic.com




Case Study

F|X|ng “Bored Audio” PrOblemS Solution developed for numerous Logitek customers

THE ISSUES:

* QOvernight satellite feed set to the wrong channel
* STL receiver not working correctly

« Other unattended equipment that goes to your air chain not feeding any audio

What do you do when you don’t have correct program audio going to your
transmission chain, but your silence sensor thinks you’re OK?

For example, you are supposed to broadcast a satellite program overnight, but
somehow the receiver has the wrong channel selected. instead of an audio feed,
you get a steady tone.

Or, what if your STL receiver is somehow damaged by a storm? It loses
the carrier but isn’t squelching the audio, which results in static being fed to the
rest of the transmission chain.

We call these problems “Bored Audio”...a nice, steady feed of noise or a
constant tone.

Your silence sensor, which is set for complete drop-outs of audio, doesn't trigger
on Bored Audio.

THE LOGITEK SOLUTION:

Logitek’s SharcAttack DSP card, a useful option for the Audio Engine router,
provides both high and low audio alarms. The two can be merged to send
out an alert when neither has been activated for a predetermined time period.
Since program audio has dynamics which can be easily monitored by the
SharcAttack, the Logitek system can tell quickly if you are transmitting Bored
Audio and trigger your emergency backup sequence or transmission chain.

With Logitek, you can fix Bored Audio before you lose Bored Listeners (or
even better, before the GM calls you in the middle of the night!)

Do you have an interesting application or challenge that was
resolved using Logitek equipment? We'd love to hear from you.

For more information on this and other Logitek case studies,
visit www.logitekaudio.com

Logitek Electronic Systems, Inc.
5622 Edgemoor Drive

Houston, TX 77081

800.231.5870 / 713.664.4470
info @logitekaudio.com
www.logitekaudio.com

Silence: No audio. Your
silence sensor can detect this.

Bored Audio: White noise,
or a steady tone. Your silence
sensor is happy, but your
listeners (and GM) aren't.

Normal Audio: What you
want on-air...Logitek can help
restore it in a hurry.

i o

Logitek
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cos(2'w)-m,)  cos(2*w,-w))

The fifth-order term of the Taylor series
produces fifth-order intermodulation prod-
ucts, IM5, that occur at these frequencies:

cos(3*w;-2*m,)  cos(3*w,-2"w,)

Note that the higher-order terms of the
Taylor series also contribute to the lower-
order intermodulation products. In this case,
the IM3 products also have a contribution
from the fifth-order polynomial term expan-
sion. Fig. 3 on page 8 shows the two tones,
IM3 and IM5 distortion products.

The nonlinear response of amplifiers
may be measured with a network analyzer
by doing what is referred 10 as a power
sweep. In this type of measurement, the
amplifier is characterized using a single RF
input tone of varying voltage. As the volt-
age is stepped over a wide range, the out-
put of the amplifier is measured. If the

CHI‘S Spectrum 10 dB/ REF @ dBm -42.633 dBm
1 - SELECT
88.6625 MHz CETTER
Sap SPACE
Avag
30
BACK
SPACE
g SPECTRAL $7¢EE
REGROWTH
\\ H
\ /
\. //A DONE
I
STOR DEV
[DISK]
RELR 1 KAz VB 1 kHz ATN 19 dB SHP 1,256 sec CANCEL
CENTER 88.5 MHz SPAN 2 MHz

50°

Phase

100°

Input Power

Fig. 4: AM-PM Characteristic

output voltage magnitude is divided by the
input voltage magnitude, a gain characteris-
tic describing the amplifier AM-AM distor-
tion is determined.

For example, the fifth-order Taylor series
would have the following gain characteristic:

4)

Gamn(|V]) !{;—|| a+a V| +alv| =g,

Additionally the network analyzer will
tell us that the phase measured between the
input and output of the amplifiers was not
constant during the power sweep. This
phase charactenstic is called AM-PM distor
tion (sce Fig. 4)

5)
Phase k;
l/’

Fig. 5: Uncorrected Amplifier Spectrum

Using the functions g, and g, represent-
ing the AM-AM and AM-PM distortions,
the relationship of the input voltage to the
output voltage is shown.

6)
V; — V:g('l/’])el&("’,l)

Equation 6 is useful because it suggests
the amplifier characteristic is essentially a
complex valued gain defined solely by the
input signal magnitude. The amplifier com-
plex gain is also defined by the AM-AM and
AM-PM distortions that may be measured
and tabulated by a network analyzer.

As was described by the two-tone analy-
sis shown above, if not corrected for, the
amplifier nonlinearity will introduce distor-
tion to the signal. Fig. 5 shows the output
spectrum for a typical FM amplifier operat-
ing with the HD Radio signal.

This signal contains the upper and lower
OFDM sidebands that intermodulate in a
similar manner as the two-tone test
described above. The IM3 and IM5 prod-
ucts can be seen clearly. In addition, the
carriers of the individual OFDM sidebands
intermodulate causing skarts.

The IM products are unintentional emis-
sions from the transmitter that may cause
several undesirable cffects if they are not
controlled

v Out-of-band mterterence with adjacent

broadcast channels

v In-band interference with your HD
Radio OFDM signal

v In-band interference with your FM
signal

Out-of-band interference can happen
when the transmitter output contains sig-
nals in another broadcast channel. The
acceplable out-of-band emissions levels are
currently governed by an emissions mask
proposed by Ibiquity (see Fig. 6).

In-band interference with the digital sig-
nal occurs when the unintentional emis-
sions interfere with the OFDM carriers at
the receiver. This is generally less of a con-

cern because the QPSK modulated carriers
are very robust and relatively tolerant of
noise and interference. It 1s unhkely that
any transmitter linear enough to meet the
proposed emissions mask will have a nega-
tive cffect on the OFDM signal-to-noise
ratio at the receiver

In-band interterence with the FM signal
may also occur. This may be more signifi-
cant as the analog signal can be degraded
by lower levels of emissions than the digual
signal. The problem worsens if the uninten-
tional emissions are close to the center fre-
quency where the FM receiver is most
sensitive. Because the FM system is analog,
this interference could be perceived as
noise or hiss when using analog receivers.
Extended hybrid operation may exacerbate
this situation as the additional OFDM carri-
ers and their local IM products are closer to
the FM carrier.

SOLUTIONS TO THE
SPECTRUM PROBLEM

The amplifier linearity may be improved
for HD Radio operation by changing the
class of operation from class C 1o A/B or
even class A. This generally has the effect of
improving the amplifier characteristic at
low-power input levels at the expense of
efficiency. Highly linear operation may be
obtained in this way by increasing the
amplifier bias currents and reducing the
peak output power. Typically a 3 dB
improvement in IM3 products is obtained
for a 1 dB reduction in output power.
Unfortunately, this cannot be the complete
solution due to the increased number of
amplifiers required.

Other industries before broadcast radio
have been coping with the linearity prob-
lem for some time. Many techniques for

ADAPTIVE, PAGE 12
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Fig. 6: Proposed HD Radio Emissions Mask

Monitor and switch between six digital and two stereo analog sources.

Alarm relay closure outputs. internal WEB server interface.
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AT LAST, A BOARD GEEKS AND JOCKS CAN BOTH DROOL OVER.

Fact is, SAS packs so much sophisti-
cation and capability into the depths of
the new Rubicon™ control surface that
even the most intensive major market
programmer or
board operator
will swoon
Yet Rubicon is
so intuitive, so
comfortable,
so easy to use, the

$AS Connected Digital Network™ Weekend intern is
Rubican Control Surface  sure to sound like
32KD Digital Audio Router @ pro.
RIOLink™ Remote 1/0 Here's why:

Frequently used controls
are always right at the oper-
ator’s fingertips. And for the
power-user, the multi-function
“dynamic control matrix” pro-
vides quick access to deeper
capabilities. In other words,
Rubicon has a bucket load
of features for the simplest or
most complex of broadcast-
related tasks.

And should you think form
to precede function, you'll find
Rubicon’s clean, easy-to-under-
stand interface wrapped up

within a custom-configured, drop-dead
gorgeous frame.

Best of all, Rubicon is engineered by
the brand synonymous with the finest in
digital audio . ™
routing and ru blcon
network design. When it comes to quality
and reliability, our name is all over it.

Come see for yourself Rubicon'’s brains
and beauty, power and performance.

It'll be love at first sight.

SIERRA

Y e

VUl SYSTEMS

Engineering great radio”

For more information call 1.818.840.6749,
email sales@sasaudio.com or visit www.sasaudio.com.
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improving amplifier linearity have been
investigated, including feed forward, feed-
back and Cartesian loop, 1o name a few.
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Fig. 7: Complementary Gain
Curves Pre-Correction Principle

The technique employed by Nautel and
other HD Radio transmitter manufacturers
is known as pre-distortion or pre-correc-
tion. Pre-correction is the preferred tech-
nique for Nautel because of its high
performance, stability, low cost and low
impact on the transmitter design itself.

PRE-CORRECTION
Pre-correction can be defined as placing
a complementary nonlinear system at the

The industry standard
reaches new heights

input of the amplifier siages such that the
overall system is linear (see Fig. 7). Because
the pre-correction system is at the amplifier
input, small signal techniques may be used
making this a more practical solution.

Mathematically, a nonlinear amplifier
characteristic g(x) may be corrected for
with a complementary characteristic h(x)
such that g(h(x)) = Gx where G is the con-
stant linear gain resulting from the cascade
of the two systems. For this to be true, G
h(x) = g'(x). This technique may correct for
both AM-AM and AM-PM distortion (see
Fig. 8).

Pre-correction systems may be imple-
mented in either the analog or digital
domain. Analog pre-correction may be lim-
ited in its ability to faithfully produce the
required inverse characteristic. The degree
of improvement made by pre-correction is
determined by how well the two nonlinear
characteristics are matched. When properly
adjusted, digital pre-correction generally
yields excellent results.

However, even il careful manual match-
ing of the pre-correction curve is done, the
amplifier characteristic will generally vary
over time. The causes of varying amplifier
nonlinearity include temperature cffects
(scasonal or warm-up), load impedance
changes due to antenna mismatch or icing
and changes in the operating {requency or
power level.

ADAPTIVE PRE-CORRECTION
Designing a system that “learns” the
nonlinear characteristic will mitigate the

¢ 24-bit/192 kHz converters

* Hardware sample
rate converters

* 66 MHz/64-bit
PCI interface

* More powerful DSP

¢ Comprehensive
set of drivers:

Presenting the new HR series
of PCX sound cards

Digigram np,
WDM DirectSound,
Wave, ASIO

* Short-length
PCI format

¢ Maximum input
and output level:
+24dBu |

Digigram's PCX range of sound cards has become the de facto standard
in the broadcast industry since its launch in 1989. The new HR series sets
new benchmarks for the industry and underlines Digigram's commitment
to superior audio quality, reliability, and innovation.

B Nigigram

Networking Your Sound

www.digigram.com - Tel: +33 (0)4 76 52 55 01 - sales@digigram.com
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Digital HD Radio) )

Digital Analog
Precorrection
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Fig. 8: Fixed Digital Pre-Correction Block Diagram

sensitivity of lixed pre-correction lin-
earization systems. This is known as
adaptive linearization and was first pro-
posed in 1983 by Saleh and Salz?

The Nautel system is implemented
completely in the digital domain (see Fig.
9). In the forward path, an ideal digital
signal containing the HD Radio carriers
and the FM signal (in the case of com-
mon amplification) is synthesized. The
ideal signal is then pre-corrected using a
correction curve stored in a look-up table
or LUT, which stores a large number of
discrete correction vectors. Each correc

tion vector can correct for the amplificr
gain and phase error for a given amplitier
input voltage range. As the signal ampli-
tude changes over time, many different
correction vectors are used.

Still in the digital domain, the pre-cor-
rected signal is then converted to the cor-
rect FM channel frequency and fed to a
digital-to-analog converter (DAC). The
analog signal is then fed to the transmit-
ter for amplitication.

In the reverse path, the transmitter
output is sampled using a directional
coupler and digitized with an analog-to-

Digital Analog
Precorrection
i 1
|
= ~ LUT *
‘e |
! Antenna
Reference ‘—[
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Digital HD Radio) ) 3 B
. :® ® 1 oac >
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' Transmitter
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Error Q Local
@ 81 Adaptation @ Oscillator
T+
//4 2
N < ADC
\ Y
Fig. 9: Adaptive Digital Pre-Correction Block Diagram
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Fig. 10: 1.5:1 VSWR With Fixed and Adaptive Pre-Correction
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conditions  that
might be found at a
typical broadcast
site.

These measure-
ments were made
on a Nautel V10
operating in all-dig-
ital  mode as
required by the dig-
ital transmitter in a
separate amplifica-
tion system. The
output power in
every case 1s 3 kW
and the operating

W hh frequency is 98

z MHz. The spectrum

Fig. 11: 29°C Temperature Rise With Fixed and Adaptive Pre-Correction

digital converter (ADC). The output sam-
ple is then shifted to the same frequency
as the i1deal reference signal at the system
input. The reference signal is fed through
a delay register to time-align it with the
sampled transmitter output signal. By
subtracting the ideal signal from the
actual transmitter output, an error signal
is obtained. This error signal describes
signal distortion at the transmitter out-
put.

Using a recursive algorithm, the error
signal 1s used to update the pre-correc-
tion curve stored in memory. After each
iteration of the recursive algorithm, the
correction vectors in the LUT converge
on the 1deal pre-correction solution such
that distortion at the transmiiter output
is minimzed.

Utilizing modern digital hardware, the
conversion time is on the order of a few
seconds, easily fast enough to correct for
real-world variations in the amplifier
non-linear characteristic.

ADAPTIVE PRE-CORRECTION
LIMITATIONS

Saturation: At some point, the amp'ifiers
output power cannot be made to increase
when the input power is increased. As a
result, the desired output power must be
set so that the amplifier saturation point
does not significantly distort the signal

For the HD Radio signal, Ibiquity
requires a minimum peak-to-average ratio
ol 5.5 dB at the transmitter output. For
example, a 10 kW transmitter capable of
11,000 W peak power should not be dri-
ven beyond 3,100 W average digital power
in a separate amplification system. 1f the
digital power is increased significantly
heyond this point, amplifier saturation may
introduce unacceptable emissions outside
the ermissions mask.

Amplifier memory: The relatively simple
adaptive pre-correction system described
assumes that the amphfier is "memoryless.”
Amphifier memory occurs when the gain at
any one mstant i ume s dependent not
only on the current amplifier input, but
aiso on previous amphfier puts. For «ig-
nals of relatively low bandwidth, using
carelul amplifier design techniques, mem-
ory effects can be minimized such that ihe
elfect 1s not troublesome.

COMPARISON OF FIXED AND
ADAPTIVE PRE-CORRECTION
The following experiments were con-
ducted to determine the improvement
obtained by using an adaptive pre-correc
ten system. ' each experiment a reason
able deviation of the amplifiers operatioral
environment was made. These changes
were intended to represent the real-world

analyzer was set to
I kHz resolution

handwidth and video bandwidth, and sam-
ple detection with a 30-sweep average.

Each spectrum plot shows the spectrum
resulting from making a change in the
operational environment with the adapta-
tion disabled. After the initial measurement
is made, the adaptation was enabled and a
second measurement was made illustrating
the improvement due to the adaptive pre-
correction.

VSWR Sensitivity

In this experiment, a 1.5:1 vertical
standing wave ratio was introduced by
means of a short ¢ircuit stub on the trans-
mitter output.

The VSWR test shows that adaptive cor-
rection achieved an improvement of 7 dB
over fixed correction on the lower or worse
IM3 sideband (sce Fig. 10). Also note that

the fixed pre-correction did not ensure
compliance with the emissions mask with a
1.5:1 VSWR.

Temperature Sensitivity

In this test the air intake and exhaust
ports were impeded until the exhaust air
temperaturc rose by 50°F This was
intended to simulate a change in the room
temperature that might be found with sea-
sonal variations at a site without heating or
air-conditioning,.

The temperature test shows that adap
tive correction achieved an improvement o!
8 dB over fixed correction on the lower or
worse IM3 sideband (see Fig. 11). Also
note that the fixed pre-correction did not
ensure compliance with the emissions
mask with a 50°F temperature change.

ADAPTIVE, PAGE 24

CREATIVE USE OF DATH

IMCERERSZES LISTEHEREZHIF

FAMND REVERIUE .

-

Available now.

Broadcast Electronics. Inc. * 4100 North 24th Street, PO. Box 3606, Quincy, lhinois 62305-3606 U.S.A.
Telephone: (217) 224-9600 ¢ Fax: (217) 224-9607 * E-Mail: bdcast@bdcast.com

Radio World Engineering Extra ® June 15, 2005 13




White

Paper

Isolation Requirements in Diplexed
Medium-Frequency Antenna Systems

Antenna Goupling Unit Construction Can Have a
Large Impact on Isolation Performance

By Ben Dawson

The author is president/managing partner of Hatfield and Dawson Consulting Engineers, Seattle.

he vast majority of diplexed

Tmcdium-wavc antenna system

installations are retrolits, instal-

lation of a second frequency on an
existing antenna system.

In most cases, if the original antenna
feed system was ol good quality and
has been well maintained, it is retained
and the only modification to the geom-
etry of the feed system for the original
frequency is the installation of series
and possibly shunt filters for isolation.

The advent of modern solid-state
transmitters, which have relatively
wideband output networks, can make
the filtering problem much more
intractable than was the case with the
high-Q output circuits of tube trans-
mitters. A considerable percentage of
existing antenna fced systemns use
panel and shelf-mounted networks,
particularly for ACU installations,
which can make filtering difficult
because they're not shielded by cabi-
netry.

New system installations with solid-
state transmitters, however, now
almost always use cabinet-mounted
antenna feed system cquipment, even if
the cabinets themselves are located in
ACU buildings. The tendency of the
equipment vendors is to supply equip-
ment in stand-alone boxes. Sometimes
these contain both an ACU network
and filter, and sometimes, particularly
for the filters on the existing [requency,

there will be common tower feed from
one of the cabinets.

NAGGING IM COMPONENTS
In cases wher= the frequency spacing
is less than about 200 kHz, and separate

enclosures are used for the ACUs and
[ilters, we have sometimes encountered
substantial difficulty in reducing inter-
modulation components to -80 dB
below carrier as required by the FCC
Rules (47 CFR 73.44). In cach instance

we have investigated, the difficulty was
the result of circulating RF current in
ground loops created by the cabinetry
or panel lavout and interconnection
practices.

Fig. | shows the “retrofit” installa-
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these are in separate boxes.
Occasionally, when there is “pre-
matching” common to both feeds
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Fig. 2: Retrofit Diplexer Installation Modified to

Fig. 1: Retrofit Diplexer Installation
Reduce Induced Current From Tower
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tion where the original ACU (not
shown) is in a transmitter building to
the right, a new ACU is in the new
transmitter building on the left, and a
cabinet with filters for each frequency
and a common pre-maich reactance is
located between the new building and
the tower.

The 2f-f, intermodulation product
from the new transmitter was found to
be down only about -65 dB, although
the similar (2f,-f,) product from the
original transmitter on the site was
nearly undetectable — well below -80
dB. The filter, pretuned by the manufac-
turer, was found to be optimally
adjusted when checked. However, a
substantial amount of undesired carrier
could be observed on the common-
point bus of the second, newly
installed, feed system equipment.

A visual inspection disclosed that the
ground connections between the cabi-
net and the transmitter building were at
grade, although they were made with
multiple parallel straps as was recom-
mended. As noted by the “arrow circle”
in Fig. 1, however, there was a large
loop consisting of the ACU box, the
ground strap, the filter box and the
feeder.

At the filter end, the feeder-ground
connection was essentially zero imped-
ance due to the shunt filter network. At
the ACU end, the impedance was mod-
est but not high at the undesired fre-
quency. The orientation of the
equipment with respect to the tower
and its magnetic (“H") field characteris-
tics near the tower base resulted in sub-

j

mmunications, Oregon

Fig. 3: Use of Strap to Create Quasi-Coaxial Feed

stantial current flow at the undesired
frequency. This “current loop” is on the
input side of the filter, and so current at
the undesired frequency appears at the
transmitter, resulting in intermodula-
tion.

SOLUTIONS

Fig. 2 shows an effective ameliora-
tion method.

If the feed itself is paralleled with a
ground strap, or better yet, enclosed in
a coaxial or “quasi-coaxial” arrange-
ment, the current will flow in the

ground or outer conductor of the
“quasi-coax” and the induced current
into the feed system can be minimized.
In low-power installations a short piece
of foam Heliax or Foamflex can be
used, as long as care is taken not to
exceed its voltage breakdown ratings.
In high-power installations an “outer
conductor” can be fashioned from one-
inch or two-inch (2.5 or 5 cm) strap of
appropriate thickness.

Of interest is why the (2f,-f,) prod-
uct from the original transmitter did
not occur at a high level as well. In the
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geometry of this installation, the feed
from the filter to the original ACU is at
such an angle to the tower that it is not
well coupled to the displacement cur-
rent-generated H-field, and has approx-
imately equal segments extending each
. direction from the point closest to the
tower, resulting in minimum coupling.
When the pipe feeder was shielded
ith a new set of coaxial-arranged
& ground bus straps (see Fig. 3), and the
2 ¢ ACU was retuned to compensate for its
& 8 effects, the (2f, -f;) product from the
5 second frequency transmitter also fell
S well below -80 dB from carrier.
It's important to pay attention to the
. magnetic field coupling among the var-
ious portions of this type of intercon-
nected system. In at least one instance
a diplexing filter that was on an open
panel on the inside of a wood-frame
8 ACU building located about one meter
£ from a tower had enough current from
£ the magnetic field of the tower induced
into an inductor to cause a damaging
arc, even though the induced energy
was picked up from another transmitter
site a kilometer or so away.

This diplexing equipment had only
series filters and very short multiple
ground-strap connections between adja-
cent panels, because the frequency
spacing was well over 200 kHz, so the
filtering wasn't compromised by the
geometry of the equipment.

In general, systems with wide fre-
quency spacing don’t usually suffer from
unintended coupling since the transmit-
ters themselves offer better discrimination
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The world’s best* IP-Aud

*Okay, you caught us. It’s also the world’s only IF

Everybody needs to share audio. Sometimes just a few signals — sometimes a few hundred.
Across the hall, between floors, now and then across campus. Routing switchers are a convenient
way to manage and share your audio, but will your GM really let you buy a router that costs more
than his dream car? Unlikely.

If you need a routing switcher but aren't made of money, consider Axia, the Ethernet-based audio
network. Yes, Ethernet. Axia is a true network. Place our audio adapter nodes next to your sources
and destinations, then connect using standard Ethernet switches and Cat-6. Imagine the simplicity
and power of Ethernet connecting any studio device to any other, any room to any other, any build-
ing to any other... you get the idea.

Axia SmartSurface provides the perfect blend of flexible features and intuitive control.
Easy to learn and easy to use, it’s tailor-made for talent-intensive formats.

Q9 %
-
) Q%
> 9=
Programmable soft Ergonomically Each channel’s main, Available Telos Con-
keys and recording designed channel special-purpose, sole Director panel
device transport start and stop but- phone and preview with Status Symbols®
control buttons give tons, with guards assignments are provides easy, intui-
instant control of all that prevent acci- quickly accessible. tive control of phone-
audio functions. dental activation. Automatic mix-minus based segments.
for each fader!

of discrete wiring — not to mention the installation and maintenance time you'll

recover. And those are just side benefits: our hardware is about half the cost of those
big mainframe routers. That's right... half.. Once you experience the benefits of networked audio,
you will never want to go back.

Q 'This sounds expensive.” Just the opposite, really. Axia saves money by eliminating
2 distribution amps, line selectors, sound cards, patch bays, multi-pair cables, and tons \
.

AxiaAudio.com

Routers are OK...
but a network is so

much more modern.

With Axia, your ins
and outs are next
to the audio, where
they belong. No
frame, no cards,
no sweat.
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Put an Axia
Microphone Node
next to your mics
and send preampli-

fied audio anywhere
you need it, over
Ethernet — with no
line loss or signal
degradation.

redko.

We're already work-
ing with some great
companies. Check
AxiaAudio.com to
Jfind out who'’s next.



broadcast studio system.

lio broadcast studio system. Damned marketers.

Scalable, flexible, reliable... pick any three. Are you still using PC sound cards?
An expensive proprietary router isn't practical Even the best sound cards are compromised
for smaller facilities. In fact, it doesn't scale by PC noise, inconvenient output connectors,
all that well for larger ones. Here's where poor headroom, and other gremlins. Instead,
an expandable network really load the Axia IP-Audio Driver for
shines. Connect eight Axia = Windows® on your worksta-
8x8 Audio Nodes using Cat-6 t — ¢ tions and connect directly
cable and an Ethernet switch, to the Axia audio network
and you've got a 64x64 routing switcher. using their Ethernet ports. Not only will your
And you can easily add more 1/0 whenever PC productions sound fantastic, you'll elimi-
and wherever you need it. Build a 128x128 nate sound cards and the hardware they usu-
system... or 1024x1024... use a Gigabit fiber ally feed (like router or console input
backbone and the sky’s the limit. modules). Just think of all the cash you'll save.
Put your preamps Put your snake on a diet.
where your mics are. e sesseces o I8N @, Nobody loves cable snakes.

Most mainframe routers
have no mic inputs, so you
need to buy preamps. With Axia you get
ultra-low-noise preamps with Phantom power.
Put a node in each studio, right next to the
mics, to keep mic cables nice and tight, then
send multiple mic channels to the network
on a single Cat-6 cable. And did we men-

tion that each Mic Node has
eight stereo line outputs for
headphones? Nice bonus.

Besides soldering a jillion
connectors, just try finding the
pair you want when there’s a change to
make. Axia Audio Nodes come in AES/EBU
and balanced stereo analog flavors. Put
a batch of Nodes on each end of a Cat-6
run, and BAM! a bi-directional multi-
channel snake. Use media converters and
a fiber link for extra-long runs
between studios —

or between buildings.

With a little help from our friends. Would you like some control with that?
A networked audio system doesn't just There are plenty of ways to control your Axia
replace a traditional router — it improves network. For instance, you'll find buiit-in
upon it. Already, companies in our industry webservers on all Axia equipment for easy
are realizing the advantages of tightly inte- configuration via browser. PathfinderPC®
grated systems, and are making new products software for Windows gives you central
that reap those benefits. e control of every audio path in

Working with our partners, . e— ] -~ your plant. Router Selector
Axia Audio is bringing new nodes allow quick local source
thinking and ideas to audio distribution, selection, and intelligent studio control
machine control, Program Associated Data surfaces let talent easily access and mix any

(PAD), and even wiring convenience.
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An Axia digital audio
There’s a better way snake can carry hun-
to get audio out of dreds of channels of
your PC. No more digital audio on one
8" connectors — with skinny CAT-6 cable.We
| Axia your digital know you're not going
| audio stays clean to miss soldering all

| and pristine. that multi-pair...

source in your networked facility.

i

Control freaks,
rejoice: PathFinderPC
software for Windows®
gives you systemwide
control of all routing
functions with just a

click of your mouse.
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How to Broadband AM Antenna Systems

Use Calculation and Proper Construction to Optimize Phasor Performance

By W.C. Alexander

The author is director of engineering, Crawford Broadcasting Corp.

resumably, the FCC eventually will
open the door for AM nighttime
IBOC. When that happens, a flood of
conversions probably will follow. But even
now, many stations are making prepara-
tions or making the jump to digital.
One thing that engineers are finding,
however, is that many of their antenna sys-
tems are not quite up to the task.

X, X,

X,

Fig. 1: Tee-Network Block Diagram

AM antenna systems present unique chal-
lenges for IBOC transmission. Impedance
bandwidth and pattern bandwidth are two
measures that have a dramatic eflect on a sta-
tions performance in the digital mode. Here,
we will consider impedance bandwidth,
which applies to both directional and nondi-
rectional antennas.

It’s fairly easy to match just about any
reasonable load 10 a 50-ohm transmission
line. This can be done with an L-network, a
tee-network, a pi-network or in some casces,
a single series component. As long as we're
dealing with an unmodulated carrier, any
of these methods will yield acceptable
results, presenting a 50-ohm nonreactuive
load to the transmission line.

The trouble starts when we apply modu-
lation and introduce Irequency components
that are at other than the center (carrier)
frequency. At first glance, one wouldn't
think that a 10 kHz difference in frequency
would make all that much difference. But at
AM frequencies, that can be about 2 per
cent ol the operaung frequency. Translated
to the M band, that represents a 2 MH:z
change, or 4 MHz of overall bandwidth
Thinking n those terms, it hecomes clear
that we are talking about a significant
amount of handwidth

For IBOC, tests have shown that to pre-
serve perfect hybrid-mode digital and analog
reception, you need variable standing wave
ratio (VSWR) values of 1.11:1 or better at +5
kHz, 1.25:1 or better at +10 kHz, and
1.40:1 or better at £15 kHz. The VSWR tol-
erance can be increased somewhat if a 3
o'clock or 6 o'clock cusp rotation is used.
We'll talk more about cusp rotation later.

So our mussion becomes one of design-
ing a matching network with load imped
ance that meets the above specification
This is no small challenge.

Manufacturers of AM tuning and cou
pling equipment, such as Kintronic
Laboratories, have some powerful custom
software tools available to them that allow
them 1o tailor a network design 1o a partic-

i8

ular situation. While these tools are nice
and a real time saver, the truth is there is no
“magic” involved. Every AM engineer has
the basic tools necessary to design a broad-
band matching network. Employing these
basic tools to achieve the desired results
simply requires tenacity and patience.

To keep things relatively simple, we will
limit this discussion to a nondirectional
radiator and matching network. The same
principles apply to directional systems, as
each tower has a matching network. The
only caveat with directional systems is that
the phase shift of each matching network
on the sideband frequencies must be con-
sidered.

BEGIN WITH MEASUREMENTS

The starting point for any network design
is a set of careful and accurate impedance
measurements across the desired network
passband. This means that something more
than the transmitter and operating imped-
ance bridge (OIB) will be needed.

5.5 uH 13.8 uH
Xy
»—— vV X S T‘ .
R AV IN |
-
002 pF

Fig. 2: Simple Tee-Network Schematic

A signal generator, impedance bridge and
detector will be needed to measure the
impedance at cach trequency. 1 use a
Potomac SD-31 combination synthesizer/
detector along with a trusty General Radio
16068 impedance bridge. With this hard-
ware, | can very accurately measuwre a wide
range of resistance and reactance while
maintaining a degree of immunity from
received skywave signals that can confuse
the measurements. Other equipment com-
plements can work just as well

Disconnect the antenna from the existing
tuning network, but leave lighting and static
drain chokes connected because these are
part of the net impedance of the tower.
Measure the resistance and reactance in 5 kHz
increments. Be sure to correct the measured
reactance for frequency in accordance with
the instructions supplied with the brdge.

With the impedance sweep in hand, the
math begins. Using the standard tee-nct
work formulas, calculate the nominal val
ues for N; tinput), N, (shunt) and \
toutput) using the measured resistance and
reactance values for the carrier frequency.
See the block diagram in Fig. 1 for a basic
tee-network layout

June 15,2005 * Radio World Engineering Extra

| Frequency Resistance Reactance
985 23.1 -58.0
990 23.4 -156.0
995 23.8 -154.0
1000 24.1 -j52.1
1005 245 -150.1
1010 249 -j48.1
1015 252 -46.1 |

Table 1: Impedance Sweep of 76-degree Tower

For our hypothetical nondirectional
antenna, a -90 degrees network is a good
place to start. All three legs in such a net-
work will be of equal absolute value except
X3, which will be adjusted 1o cancel out the
reactance of the load. The tee-network for-
mulas are as follows:

1)
X, :_RI—_XJ
tan
X,=—2 _x
tan

_JR.R,,
- sinf

where: § = desired phase shift

Lets run through an example. In this
case, the impedance data is from a series-
fed 24-inch face tower 76 clectrical degrees
tall on the 1000 kHz carrier frequency. The
measurcd impedance sweep is shown in
Table 1.

Applying the tee-network formulas, a
90 degree network would require the fol
lowing leg reactances:

Ny =+)34.7
N, =347
No= 41347 + 52,1 = +j86.8

For X, 5.5 ptl ol inductance 1s required
to produce +j34.7 ohms of reactance on
1000 ktiz. X,, the shunt leg, will obviously
require a capacitor 1n series with a coil 1o
achieve the negative reactance for that leg,
A 0.002 pF capacitor is chosen in series
with 7.14 pH to yield the proper net reac-
tance. For X5, a 13.8 pH inductor will yicld
the desired +j86.8 ohms of reactance. Fig, 2
is a schematic of this network.

At carnier frequency, in this case 1000
kHz, the above combination of componcents
will produce 50 jO ohms at the network
input, which is the impedance of the trans-
mission line and thus the desired input
impedance of the network. The trouble 15
that the components used 1o make up the leyg
reactances have different reactance values on
frequencies other than carrier. For the capac
tors, the reactance decreases with increased
frequency and vice versa; it is just the oppo
site with inductors. Thinking this through,

becomes clear that the X and X, go in oppo-
site directions for changing frequency.

Take the shunt leg, for example. Our
7.14 uH inductor has a reactance of +j44.9
ohms on 1000 kHz and our 0.002 pF
capacitor has a reactance of -j79.6 ohms. In
series, the net reactance is +j44.9 -j79.6 =
-j34.7 ohms. Now, let’s try this again on
1010 kHz, the +10 kHz sideband fre-
quency. The 7.14 uH presents a reactance
of +j45.4 ohms, and 0.002 pF represents
-j78.8 ohms. The net is then +j45.4 -j78.8
= -j33.4 ohms, a ditfcrence of over an ohm.

If we run the numbers for the shunt and
input leg components, we get net reactances
of: X, = +)34.9, X, = -j33.4 and X, = +j87.6
at the sideband frequency of 1010 kHz.

With known load impedance and leg
values, we can calculate the input imped-
ance of our network using the following
formula set. Don't be daunted by the math
The formula set is easily programmed into
computer code or a programmable calcula-
tor. There are commercial computer pro-
grams available to help with the
calculations.

The input resistance is calculated by

2)
B
Ry =—"—
B,” +7,
Where
3)
g = Riow

Ry + X,

X=X om + X,

Y, =Y, +Y,

&

Yo=m— =
Rl()‘l/) +X1

1

The input reactance is calculated by

4) . ; i
¥, =X +4X,
Where:
5)
Y,
Xp=—1-
B,”+Y,"

BROADBAND, PAGE 20
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Broadband

CONTINUED FROM PAGE 18

Now, if we run these 1010 kHz leg reac-
tance values through the above formulas
using the 1010 kHz load R and X values,
we find that the input impedance of the
network will be 42.5 -j8.8 ohms, providing
a VSWR of 1.29. VSWR is calculated using
the following formula:

6) 2 2 8 2
VSWR:J(_ +r) +x +\/(: 5) +x

\/(: +r)1+x2 —\/(r—: )z+xz

Where:

| Freq. - _T‘FA
985 3202
1 990 __[519 ]
995 517 -
[ 1000 1500
1005 46.7
1010 Ja2s
11015 B 3822

Table 2: Network Input

-72 degrees gives better results. Using the tee
network formulas, the nominal values for X,
X, and X; calculate to be +)20.25, -j36.50 and
+80.77 respectively. The resulting impedance
sweep is shown in Table 3.

[ X [ vsSwr

17.4 ) 1411

+117 126:1
1456 1121 |
[00 1001 |
[-s0o T ;
|88 1291 '
-7 1.46 1

Impedance Sweep, Try 1

Note that the reactance decreases with
increasing frequency, which is normal. We
can counter this slope, however, if we add a
high-reactance capacitor to the input leg as
illustrated in Fig. 3. The net reactance of

the leg on carrier must still be +j20.25
ohms, but the L-C ratio produces a slope
that can be beneficial

In our example, [ experimented with dif-
ferent capacitor values and finally settled
on 0.0004 pF and 66.55 pH in the input
leg. Again, running the input formulas this
combination yields the sweep shown in
Table 4. Note how this slope counters the
slope of the input reactance of the network
on the sidebands.

If we check it on the 5 kHz sideband fre-
quencies, we find that we have 1.04:1 on
both sides. This presents what appears to
be an excellent load for IBOC operation.
well within the specification. The caveat

20 = characteristic impedance of the transmis-

sion line in ohms
r = input resistance of the network
X = input reactance of the network

That VSWR value of 1.29 does not meet
the IBOC specification. Calculating the leg
values on 1015 kHz yields a VSWR of 1 .46,
also outside the IBOC specification
Running the numbers for the whole pass-
band yields the input impedance sweep in
Table 2.

A CHANGE OF PHASE

So what can we do to make the network
work for us within the IBOC specification?

Quite olten, a good place to start is chang-
ing the phase shift of the network to obtain a
more symmetrical passband. In our example,
the lower sideband VSWR is much lower than
the upper sideband VSWR. Decreasing the

0004 uF

SUl | RN e's 3 p MG 3 § R NN
‘ | | \ ! . r

here is that IBOC compatibility is more
than just impedance bandwidth. Tests have
shown that symmetry considerations seem
to be more important than the impedance
guidelines. For example, a broadband net-
work where the input impedance locus is
wrapped around tightly while meeting the

) stated VSWR limits would likely perform

N worse for IBOC than a network with a sym-
—»X7 14 uH metric cusp with the VSWR slightly outside

< the limits.

Still, slope correcting for bandwidth is a
good place to start. From there, you can
plot the input impedance sweep on a Smith
chart and then experiment with the input
leg and the phase rotation, as we have done
in Fig. 4, to get the desired symmetry. Our
example, by the way, plots on a Smith chart
as a more-or-less symmetrical 9 o'clock
cusp.

It's true that we arrived at this solution
using trial and error. But we did so making

66.55 uH 13.8 uH

b~

0.002 uF

phase shift of the network from -90 degrees to
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SRC-32

The SRC-32 is a computer interface to the real world. Connection through an RS-232 or RS-422
serial port the SRC-32 can notify your PC software program that any of 32 -optically isolated inputs
has been opened or closed and allow your software to control eight SPDT, 1-amp relays and an
additional 24 open coliector outputs. Communication with the SRC-32 can be accomplished via short
burst type ASCIi or binary commands from your PC (computer mode). Also, two units can be operated
in a standalone mode (master/slave mode) to form a "Relay extension cord,” with 32-channels of
control in each direction. The unit can communicate using RS422 or RS232, at data rates up to 38400.
The SRC-32 may be expanded ta 128 inputs x 128 outputs. Optional external Ethernet capabilities
may be added with the SP-1. The optional USB-RS-232 adapter may be added for USB operation.
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GPI1-32

The GPI-32 interfaces 32 optically isolated inputs to a RS-232 or USB port. The GPI-32 is equipped
with both dual plug-in Euroblock connectors and two independent DB-37 connectors that may be
interfaced directly to the DB-37 connectors located on the StarGuide lI/il relay cards. Additional
features; dual RS-232 connectors, one for daisy-chaining multiple units on the same legacy serial
port and a DB-9 ta interface to our USB adapter; LED indicators for powar and input activity; twin
power connectors allowing up to four units to be driven off of one power transformer. The GPI-32 is
powered by a surge protected internal power supply. The optional RM-3 may be added for rack mount
applications.
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SRC-8 Il

The SRC-8 Il is a computer interface to the real world. Connection through an
RS-232 or RS-422 serial port the SRC-8 Il can notify your PC software program that
- any of 8 opto-isolated inputs have been opened or closed and aflows your software
. to control eight SPDT, 1-amp relays. Communication with ‘e SRC-8 lil can
be accomplished via short "burst” type ASCII or binary commands from
your PC (computer mode). Also, two units can be operated in a
standalone mede (master/slave mode) to form a "Relay extension
cord," with 8-channels of control in 8ach direction. The unit
can commumcate using RS-232 or RS422, at data rales
up to 38400. The SRC-8 Il may be expanded to 32
inputs x 32 outputs. Optional external Ethernet —~
capabilities may be added with the SP-1. 8 /:/2-—;
The SRC-8 Hl may be set on a deskiop, g8

mounted on a wall or up to three urits v .
mounted on the RA-1, Rack-Able Mpar?;;aitr:‘tttjr:gduvsvgh
mounting shelf P
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Ph: 360.854.9559 « Fax: 360.854.9479

Y TOOLS)

POWERED BY BROADCASTIOO0/S®

SRC-2/SRC-2x

The tiny TOOLS SRC-2 interfaces two optically
isolated inputs and two SPST relays to a RS-232
or USB port, while the SRC-2x does this via a
10/100baseT Ethemet port. Both the SRC-2 and
SRC-2x can notify a users PC software program
that any of two optically isolated inputs have been
opened or closed and allows your software to
control two SPST, 1-amp relays. The SRC-2x is
also able to send an email when either of the
two inputs change state. The user may also
add up to 48 ASCII strings per input and 16
user defined string per relay. Communication
with the SRC-2(x) is accomplished via short "burst”
type ASCII commands from the users PC. Also,
two units may be operated in a standalone mode
(master/slave mode) to form a "Relay extension
cord," with two channels of controt in each direction.
The SRC-2 communicates using RS-232 at
baud rates up to 9600 and the SRC-2x via
10/100baseT Ethernet. The SRC-2(x) is
powered by a surge protected internal power
supply. Either unit may be rack mounted on the
optional RA-1 mounting shelf.

support@broadcasttools.com
www.broadcasttools.com
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and calculations. And so olien, in the world
ol AM antennas, this is the way things are
done.

FUNDAMENTALS OF
PHASOR LAYOUT

There are a few other tricks of the broad-
banding trade that are worth mentioning.
Minimizing stray reactances and coupling
through good construction practices and
series bandwidth correction circuits are two
such tricks.

exhibit both series imductance and shunt
capacitance. We know that going in.
However, we can often take steps to mini-
mize strays.

The first and mos! important step in min-
imizing stray reactances is to keep the
plumbing as short as possible. A well-
thought-out component layout is crucial to
good impedance bandwidth. There are prac-
tical — and, often, mechanical — issues to
be addressed in the component layout, but
where we have a choice, a component layout
that keeps the tubing and strap runs 10 a
minimum will result in better impedance
bandwidth than other layouts.

Il it’s possible, for example, to mount a

»Ere_cl. o RL\' X.N VSWR
985 41.7 +11.9 1.37:1
990 452 +8.9 1.24:1
— —_— 1 —A
995 48.1 +4.8 1.11°1
1000 50.0 0.0 1.00:1
1005 50.6 -5.6 021
1010 49.7 -j11.2 1.25:1
1015 47.6 -164 1.40:1

Table 3: Network Input Impedance Sweep, Try 2

The key to maintaining good impedance
bandwidth in any antenna system is mini-
mizing unwanted reactances. These reac-

Fig. 5: Use all three axes to minimize coupling.

tances come in various forms, including
lead inductance, distributed capacitance,

mutual coupling and the reactance slope of

capacitor so that it connects to a series coil
with a six-inch piece of tubing without any
hard bends and where the groundside
flange is bolted directly to
the copper ground strap
instead of connecting via
tubing or strap, the stray
reactances will be much
lower. We can, of course,
tune that leg of the network
so that the strays are taken
into account on carrier. On
the sidebands, however, the
strays introduce another set
of variables. Getting rid of or
minimizing them makes the
perlormance more pre-
dictable, improves band-
width and reduces losses.

Mutual coupling and dis-
tributed capacitance are
bandwidth killers and loss
producers. Two coils, for
example, that are mounted
close to one another and in
the same plane do not func-
tion only as series inductors.
The combination also acts as
a transformer with one coil
acting as a primary and the
other as a secondary. One
coil induces a current mto
the other. The effect that
such a confrtguration will
have on bandwidth, phase
shift and loss is tough to pre-
dict, but it is scldom beneficial.

Space and orientation are the keys to
minimizing mutual coupling and distrib-

At first glance, one wouldn’t think that a 10 kHz

difference in frequency would make all that much

difference. But at AM frequencies, that can be

about 2 percent of the operating frequency.

the load. Some of these things we can
address during design and construction,
but some things we have to live with. Our
goal should be to mitigate unwanted reac-
tances as best we can

Stray reactances from component leads
(tubing and strap) are a fact of life. Any
given piece of wire, tubing or strap will

22

uted capacitance. To have good spacing
between individual components and
between components and ground, you
must have adequate room in the enclosure
or chassis. Bigger 1s better. At the same
time, you have no doubt already figured
out that increased component spacing runs
counter to shorter component leads, and
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Nominal Z 50 Ohms

15kHz 11991
-10kHz 11081
SkHz. 10431
OkHz 10001
+5kHz 10351
+10kHz: 1 0691
+15kHz. 1.1101

0s

VSWR Cicle

-l

Fig. 4: Smith Chart Plot of Slope-Corrected Network Input

thats very true. It’'s a trade-ofl, and the
designer has to weigh the pros and cons ol
cach aspect in the layout decision-making
process.

In my experience, axis is as important if
not more so than spacing. Take the exam-
ple of two coils in the input and output legs
of a network. Mounting those two compo-

(Freq.  |Rnx

| 985 417 ) N
990 777&_»45_27 -
95 481
(o0 500
s 1506
o0 [497
015 1476

shield between components.

For example, a coil can be mounted in
close proximity to another coil, with their
turns parallel and with a grounded parti-
tion between them, without much worry
about coupling between the two coils. A
relatively large-diameter hole must be pro-
vided through the partition for the connect

Frequency  [985
| Original X +12
| Original VSWR 1.37:1
NetworkX |6
| Corrected X +6

| Corrected \'Sﬂ\m' j 11274 T

Table 5: Effects of Series Correction Network

nents close together would be beneficial for
minimizing stray reactances, but the two
coils will couple like the windings of a
transformer, which is not desirable. If we
take one of the coils and turn it 90 degrees
from the other one (so that the turns of one
coil are perpendicular to the turns of the
other), we virtually eliminate the coupling.
Now we can mount the two coils close
enough together 10 minimize lead induc-
tance.

You might be thinking that this 1s fine
for any two legs ol a three-leg tee-network,
but what about the third leg? How are we
going to mount that component so that it is
not in the same axis as cither of the other
two? The answer is to use all three mount-
ing dimensions.

Within an ATU or phasor cabinet, side
walls can be used for component mount
ing, or partitions can be nstalled that arc
perpendicular to the planc of the back wall.
Partitions are more useful in many cases
than sidewalls because they can be placed
in the most advantageous location and they
can be used to provide an electromagnetic

World Radio Histol

ing tubing (large diameter to provide
adequate spacing), but this has hule eftect
on coupling if the coil is mounted out of
the aperture of the hole. Fig. 5 is a photo of
a properly constructed network using all
three axes.

Another important consideration for
minimizing both distributed capacitance
and coupling is the routing of intercon-
necting tubing. Running two picces of
tubing parallel to one another in close
proximity for any distance should be
avoided. There are almost always situa-
tions where such tubing or strap must
cross or pass in close proximity, but when-
ever possible such runs should be laid out
so that this takes place with the runs per-
pendicular to one another.

Long tubing runs paraliel to a
grounded surface will exhibit significant
amounts of distributed capacitance. This
can be minimized by increasing the spac-
ing between the tubing and the parallel
grounded surface. Use cight-mch stand
oft insulators, even if four-inch or six

BROADBAND, PAGE 24
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Is your bulky bench analyzer more test than you

use and more weiqg
Sophisticated Minstruments from NTI

t than you want?
ive you just enough test capability, plus functions not

even available on their larger siblings...
and these flexible instruments fit in the palm of your hand

ML1 Minilyzer
Analog Audio Analyzer

The ML1 is a full function high performance audio
analyzer and signal monitor that fits in the palm
of your hand. The comprehensive feature set
includes standard measurements of ievel,
frequency and THD+N, but also VU+PPM

meter mode, scope mode, a 1/3 octave analyzer
and the ability to acquire, measure and display
external sweeps of frequency response generated
by the MR1 or other external generator.

With the addition of the optional MiniSPL
measurement microphone, the ML 1 also functions
as a Sound Pressure Level Meter and 1/3 octave
room and system analyzer. Add the optional
MiniLINK USB computer interface and Windows-
based software and you may store measurements,
including sweeps, on the instrument for download
to your PC, as well as send commands and display
real time resuits to and from the analyzer.

P Measure Level, Frequency, Polarity

» THD+N and individual harmonic
measurements k2—k5

» VU + PPM meter/monitor

P 1/3 octave spectrum analyzer

» Frequency/time sweeps

» Scope mode

P Measure signal balance error

» Selectable units for level measurements

DL1 Digilyzer
Digital Audio Analyzer

With all the power and digital audio measurement
functions of more expensive instruments, the DL1
analyzes and measures both the digital carrier signa!
{AES/EBU, SPDIF or ADAT]} as well as the embedded
audio. In addition, the DL1 functions as a smart
monitor and meter for tracking down signals around
the studio. Plugged into either an analog or digital
signal line, it automatically detects and measures

digital signals or informs if you are on an analog line.

In addition to customary audio, carrier and status bit
measurements, the DL1 also includes a sophisticated
event logging capability.

» AES/EBU, SPDIF, ADAT signals

» 32k to 96k digital sample rates

» Measure digital carrier level, frequency

» Status/User bits

» Event logging

P Bit statistics

P> VU + PPM level meter for the embedded audio

» Monitor DA converter and headphone/speaker
amp

NEW! AL1 Acoustilyzer
Acoustics & Intelligibllity analyzer

The AL1 Acoustilyzer is the newest member of the
Minstruments family, featuring extensive acoustical
measurement capabilities as well as core analog
audio electrical measurements such as level,
frequency and THD+N. With both true RTA and high
resolution FFT capability, the AL1 also measures
delay and reverberation times. With the optional
STI-PA Speech Intelligibility function, rapid and
convenient standardized “one-number” intelligibility
measurements may be made on all types of sound
systems, from venue sound reinforcement to
regulated °life and safety” audio systems.

P Real Time Analyzer

P Reverb Time (RT60)

P High resolution FFT with zoom

» Optional STI-PA Speech Intelligibility function
» THD+N, RMS Level, Polarity

MR1 Minirator
Analog Audio Generator

The MR1 Minirator is the popular behind-the-scenes
star of hundreds of live performances, remotes and
broadcast feeds. The pocket-sized analog generator
includes a comprehensive set of audio test signals,
including sweep and polarity signals which work in
conjunction with the ML1 Minilyzer.

P Sine and square waves

» Pink & white noise

P Polarity test signal

» Stepped sweep for response plots
» Balanced and unbalanced outputs

MiniSPL
Measurement Microphone

The precision MiniSPL measurement microphone
{required for the AL1 Acoustilyzer and optional for
the ML1 Minilyzer) is a precision reference mic for
acoustics measurements, allowing dBSPL, spectrum
and other acoustical measurements to be made
directly.

» 1/2" precision measurement microphone

P Self powered with automatic on/off

» Omni-directional reference microphone for
acoustical measurements

P Required for the Acoustilyzer; optional for the
Minilyzer

MiniLink USB interface
and PC software

Add the MiniLINK USB interface and Windows
software to any ML1 or DL1 analyzer to add both
display and storage of measurement results to the PC
and control from the PC. Individual measurements
and sweeps are captured and stored on the
instrument and may be uploaded to the PC. When
connected to the PC the analyzer is powered via the
USB interface to conserve battery power. Another
feature of MiniLINK is instant online firmware
updates and feature additions from the NT! web site

via the USB interface and your internet-connected PC.

P USB interface fits any ML1 or DL1

P Powers analyzer via USB when connected

P Enzbles data storage in analyzer for later
upload to PC

P Display real time measurements and plots on
the PC

P Control the analyzer from the PC

» Firmware updates via PC

P MiniLINK USB interface
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inch spacing is called for by the voliage.
Fig. 6 shows properly oriented and
spaced tubing runs within and between
networks.

SERIES CORRECTION
NETWORKS

With the strays and other undesired
reactances minimized to the degree possi-
ble by component and tubing layout,
what’s left is what cannot be changed, the
result of the remaining strays, mutual cou-
pling, distributed capacitance and the load
impedance. If the slope of this remaining
reactance is negative (ie., decreasing reac-
tance with increasing frequency), a series
L-C circuit can sometimes be used to

&

»’,i l g N e
\yl -

' rca e M

has on the VSWR bandwidth of our oth-
erwise so-so network.

It's clear that we have helped ourselves
a great deal by adding this simple net-
work. In this case, it was inserted ahead of
the network input, to wash out and make
symmetrical the residual reactance there.
This plots on a Smith chart as a 9 o'clock
cusp, presenting a symmetrical load as
shown in Fig. 7.

Sometimes, it may be more advanta-
geous to use such a network as a “pre-
match” between the network and the load.
This is totally dependent on the circum-
stances; each case must be individually
studied and evaluated.

Broadbanding of an antenna system is
seldom achieved through a single, simple
step. The process has many facets,
including careful network design, mini-
mizing stray reactances and coupling

<

Fig. 6: Avoid long parallel tubing runs where possible.

Nominal Z 50 Ohms

-15kHz 12431

OkHz: 1.000.1

+15kHz 1 2401

VSWR Crcle

. Y

Fig. 7: Smith Chart of Network Input With Series Broadbanding Network

slope-correct this reactance.

Let’s take, for example, a network that
is otherwise optimized that presentsa -15
kHz sideband input impedance of 42
+j12 and a +15 kHz impedance of 47
-j16. Use a series bandwidth correction
circuit consisting of a 796 pF capacitor
and a 31.8 pH inductor. Look at Table 5
and see what effect such a series network

24

through proper component and tubing
layout/orientation, and sometimes, addi-
tional series correction circuits can help.
Each part of the process is important and
will have a significant impact on the
impedance bandwidth of the antenna.
Attention to all the details will pay off
with a better sounding, more efficient
and IBOC-ready antenna system. ll
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Frequency Sensitivity
(N+1 capability)

In this test the frequency was changed
from 88 MHz to 108 MHz with fixed and
adaptive pre-correction. While this test is
not relevant to most stations because they
always operate on a fixed frequency, it is

mitter manufacturers. Pre-correction can
correct for AM-AM and AM-PM characteris-
tics that would otherwise result in unac-
ceptable emissions.

Fixed pre-correction systems are
unable to correct for the effect of a vary-
ing environment on amplifier nonlinear
characteristics. Experimental results show
that VSWR, temperature and frequency
changes typical of many broadcast sites
may result in unacceptable emissions as

-28.463 dB

CHl‘S Spectrum

Smp
Avg

18 dB/ REF @ dBm

?S kHz
Exda

i
NT

VBW 1 kHz

RBI 1 kHz
CENTER 108 MHz

ATN 18 dB SWPH 1.256 sec

SPAN 2 MHz

Fig. 12: Frequency Change From 88 to 108 MHz With Fixed and Adaptive Pre-Correction

significant in installations where there is a
single backup transmitter for multiple sta-
tions.

The frequency change test shows that
adaptive correction achieved an improve-
ment of 12 dB over fixed correction on the
lower or worse IM3 sideband (see Fig. 12).
Also note that the fixed pre-correction did
not ensure compliance with the emissions
mask with frequency change across the
band.

CONCLUSIONS
Pre-correction is the accepted lineariza-
tion technique used by FM HD Radio trans-

defined by the proposed HD Radio emis-
sions mask. Digital adaptive pre-correc-
tion did not suffer a similar degradation.
Emissions were maintained within the
mask at all times.

REFERENCES

1. Cripps, Steve C., "Advanced
Techniques in RF Power Amplifier Design,”
Artech House, 2002

2. Saleh, A.A M., and Salz, J., “Adaptive
Linearization of Power Amplifiers in Digital
Radio Systems,” The Bell System Technical
Journal, Vol. 62, No. 4, April 1983. 8
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against the unwanted signal. Systems with
wide spacing, and therefore, favorable
impedance bandwidth are often con-
structed with only series filters. The high
impedance of series filters, when no shunt
filter is present, substantially reduces
pickup at the unwanted frequency because
the high impedance is a part of the unin-
tended loop.

In another retrofit installation, the
equipment manufacturer located the
two sets of filters and the newly
installed ACU network in a single cabi-
net with appropriate internal dividers
to minimize coupling, but then ran the
unshielded combined feed from the
output side of the filters back through
one of the filter cubicles to an output
feed-through to the tower. This system
had unacceptable intermodulation
when first installed. Because the system
power was low, short sections of foam
coaxial line were installed 10 shield the
feeders, minimizing the coupling and
bringing the intermodulation below the

required value.

Similarly, at a site where a new owner
replaced the equipment of the original
station with new equipment, the inter-
connection between the newly installed
ACUs and the previously installed filter
cabinets, which were integral with the
ACUs for the second frequency, ran close
to the tower base and enough coupling
was present to produce unacceptable
intermodulation. It was necessary to add
cabinet grounding from all corners of all
of the equipment cabinets to the tower-
base grounding and to add coaxial cable
for the interconnections to bring the
intermodulation down below the
required value.

Completely new installations don’t
often suffer from these problems, but it’s
generally because they most often employ
a single cabinet for each ACU/filter com-
bination.

Because the whole purpose of a
diplexing system is to isolate everything
but the radiating antenna towers, make
sure the electronic circuitry’'s purpose
isn’'t compromised by the physical con-
struction or installation geometry of the
system. ll
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Model CRW

Mini Mix 8A
Proven...Affordable...
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Price $540.00

Sensitivity .28 microvolts for 12 dB quieting.
All 3 frequencies. Alert tone demutes receiver,
closes relay and gates audio to 600 ohm rear
terminals. Another set of rear terminals has
continuous 600 ohm audio output. Double
conversion crystal controlled, crystal filter in
first I.F., ceramic filter in second |.F. Dual gate
MOS FET front end. 50 ohm coaxial input.
Adjacent channel (+25 kHz) down to 70 dB.
19" rack mount, 3.5" H, all metal enclosure. In
stock—available for immediate delivery.

GORMAN REDLICH MFG. CO
257 W. Union St. » Athens, Ohio 4570t
Phone 740-593-3150 « FAX 740-592-3898
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800.327.6901

www.autogramcorp.com

The New CjcgurtWerkes MicTel
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\ 3> Outputs & Inputs for telephone

ClrountWaerkes -
MicTel : handset, cellular phone or

balanced line level at up to +10dBm.

1> Operates up to 36+ hours on two
9V alkaline batieries.

¥ High quality, user-switchable,
Intemal limiter prevents clipping.

P> External power input with silent,
auto-switching battery backup.

oL

™ Individual gain controls for send,
receive and headphones levels.

Amplified Mlcx’Lfﬁé to Telephone Interface
Check out this & our other remote ’ qu

solutions at www.circuitwerkes.com s LYW
CircuitWerkes, Inc. - 2805 NW 6th Street, Gainesville. Florida 32609, USA. =52-338-6555
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Fast, Simple, Cool
Voice-Phone E.d!ting.
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broadcast distributors
206.842.5202 x204
www.sudloniabs.com

It's AUTOSWITCH, an automatic audio switcher!

AutoSwitch eliminates that annoying "digital echo” in
DJ headphones by switching the headphones from
Air to Local audio when the mic is on.

It's also an automatic silence sensor, and can
switch your audio to a backup source if the
main source fails.
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Now in stock at all Henry dealers.

HENRY 1

We Build Solutions....(two in one box!)
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AUDIO SWITCHER + SILENCE SENSOR

SILSEN  ALASY —
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Let’s Save the AM Band

It's Time to Reorganize AM’s Family Living Arrangements

By Guy Wire

Guy Wire, Radio World’s masked engineer, is the pseudonym
of a well-known radio veteran. Opinions are his own.

for HD Radio is expected sometime
later this year.

NRSC-5 was recently adopted during
NAB2005 and is the culmination of many
years of work by the NRSC subcommiitee
on DAB. It no doubt will be substantially
adopted by the commission for both FM
and AM services, including AM HD night-
time operations.

The industry is for the most part
applauding this seemingly long-overdue
event, especially for FM. But many are still
fearful of serious interference fallout when
AM HD is widely deployed full-time.

We've heard that a few subcommittee
members were pressed gently after voicing
their reservations, to ensure the NRSC-5
standard could pass unanimously. There
have been ongoing concerns about reduced
coverage, especially at night and during
critical hours, caused by adjacent-channel
interference from the AM HD side carriers.

FCC adoption of standards and rules

wave reception for clear-channel stations
that reach significant audiences. That little
secret worries some NRSC members.

1 have long maintained that opening up
AM HD Radio for all stations at night will
precipitate more problems and formal
interference complaints than Ibiquity is
suggesting will likely occur. We'll learn over
time how well the FCC’s proposals for
negotiated digital power reductions will
work.

Ibiquity and the NAB completely sup-
port the notion that deploying AM HD full
time will serve the greater good to acceler-
ate AM into a higher-quality digital future
despite any potential loss of coverage for
many stations.

THE TRUTH

Both parties are more than willing to let
the interference chips fall where they may.
Unfortunately they centinue to ignore the
underlying symptoms of a very sick patient

There is a suspicion that some interference is being

generated by smaller-market stations that are

required by license to drop power radically at night

or switch to limited-coverage DA patterns, but that

have chosen to ‘forget’ to switch to night mode.

These land squarely on the first adjacents
and have been demonstrated to cause ele-
vated noise interference in second- and
even third-adjacent channels, especially on
wider bandwidth receivers.

THE INTERFERENCE DILEMMA

Based on results from their own studies,
Ibiquity has long maintained that any per-
ceived nighttime HD Radio interference to
stations from strong adjacent channels is
not going to be a big deal. They say only a
few isolated cases will experience signifi-
cant skywave-lo-groundwave interference.
Quite a few smaller-market AM owners
would disagree.

The more signilicant problem, which
Ibiquity does acknowledge, will be interfer-
ence to the secondary and skywave cover-
age areas of clear-channel stations. This will
be manifested as holes in areas where previ-
ously useful analog reception will be wiped
out by groundwave signals of smaller-mar-
ket stations that light up AM HD operations
on nearby channels.

Very little is known about how well HD
Radio reception will perform in most inter-
ference-limited situations, especially sky-

and insist on administering a new wonder
drug that may induce crippling side effects
more than it promotes healing and recovery.
At the root of the AM illness are simply too
many signals causing too much interference
in a channel spacing scheme that allows sta-
tions legally to encroach into their neigh-
bor’s space. All other broadcast services are
allocated with guard-band protection
between adjacent channels.

Many respected engineers have long
observed the AM band is already a disaster
at night, choked with noise, interference
and colliding signal wreckage on most
channels. Only a few signals in most mar-
kets provide reliable wide-area coverage in
most regions of the couniry.

There is a suspicion, held by quite a few
of us, that some of the interference is being
generated by smaller-market stations that
are required by license to drop power radi-
cally at night or switch to limited-coverage
directional antenna patterns, but have cho-
sen to “forget” to switch from day to night
mode. Many have DA systems that are woe-
fully out of spec due to negligence and lack
of maintenance. Too many have been get-
ting away with such blatant illegal opera-

tions for very long periods of time, knowing
that FCC field offices are under-staffed and
under-budgeted to be able to deal with it.

The sad reality about the AM band is that
there are only a few stations in most mar-
kets that are truly profitable or that can
deliver significant listener support. The full-
time 50 kW powerhouses will probably
always enjoy solid ratings and revenue per-
formance. Almost all rated markets have at
least one AM talk or news/talk station that
delivers full-time market coverage and can
compete near the same level with most FM
stations.

After that, sports and maybe a foreign
language station or two usually struggle to
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PACKED WITH SO MANY
FEATURES, WE PROBABLY
SHOULD'VE RUN :
A BIGGER AD.
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The new 6044 professional audio adapter from AudioScience is chock full of features professional

broadcasters demand. Like 4 balanced stereo inputs and 4 outputs, 4 record streams and up to 8

play streams, all in MP3. Like extra format choices, including MPEG Layar 2, Dolby AC2 and linear

PCM. Along with pro-quality 24-bit oversampling and a whopping 100+dB of dynamic range with

a tiny .002% THD+N. Adc in our exclusive MRX™ Multi-Rate Mixing, TSX " time scaling and

SoundGuard transient voltage suppresors, along with drivers for Windows (all flavors) and Linux,

and you've got a card that’s Built for Broadcast.” All at a price that’s as tiny as this ad. Enjoy

more for tess today. Call us at +1-302-324-5333 or go to www.audioscience.com.
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AM Band

CONTINUED FROM PAGE 27

hold their own. At the bottom of the AM
food chain are all the rest — mostly auto-
mated rchgious or satellite-fed “repeaters”
that make litle or no money and get tull-
time life-support from sister FM stations.
Quite a few fail 1o crack or just barely make
reporting minimums to be rated in Arbitron
or other surveys.

relocated has become an anachronism in
mosl cases.

AM IMPROVEMENT
REINVENTED

For this 1dea to germinate and grow, the
commission needs to freeze all AM facilities’
additions or changes and then modily the
rules to enable the cleanup. If HD Racio
interference mitigation is allowed to be bilat-
erally negotiated, the opportunity for sta-
tions that can reasonably improve their

The band would be better served if most could

simply go dark, turn in their licenses and receive

some form of meaningful compensation, perhaps

from other station owners who would benefit by

then being able to expand their own coverage areas.

If it were not for consolidation, many ot
these stations would have gone dark long
ago. Owners keep them alive in hopes HD
Radio will increase their value and music
formats might again someday be competi-
tive on AM. At a minimum, they are hold-
ing out for some religious or ethnic
operator to buy them so a profit on their
original investment can be made. But values
of AM stations that do not enjoy full-time
facilities or cover their markets adequately
have languished for a long time.

With the explosion of the Internet, satel-
lite raclio, portable MP3 players and iPods
— and, very soon, ccll phones that can
stream live content as well as multichannel
FM HD Radio — the mass-media playing
field has become highly fractionalized.

THINNING THE HERD

The growth and proliferation of into-
tainment choices is making AM radio’s
chances for regrowth and long-term suc-
cess more problematic than ever. It is
already causing deterioration of values of
marginal AM facilities in many markets
The introduction of multichannel pro-
grams on FM HD will undoubtedly accel-
c¢rate that detcrioration,

If there is a viable future for the AM
band, it will be dependent on a sweeping
initative 10 clean 1t up and thin the herd
so that the stronger members can improve
and become better prepared for survival,
li's the best way AM HD enhancements
can be cffective for stations that can claim
or will be able 1o secure solid full-time
coverage in their markets.

One of the more frequent concerns
vaiced by smaller AM owners is the cost
burden of adding HD Radio and the atten-
dant updatng of transmission systems that
will be required. Many will simply not be
able 1o afford 1. That could be incentive
enough for some to sell out and take a loss.
But the band would be better served if most
could simply go dark, wurn in their licenses
and receive some form of meaningful com-
persation, perhaps from other station own-
2rs who would benefit by then being able to
»xpand their own coverage arcas.

With so many mass media choices out
there in markets of all sizes, we have long
passed the point of concern that the loss of
4 local-market AM radio station somehow
¢ndangers the citizens of that market from
heing adequately and properly served with
jpublic interest programming. The provi-
scon in the rules that a certain mimmum
number ol licensed radio signals must be
prescrved when facilities are delcted or

market coverage and service should be
allowed to buy out lesser facilities without
FCC rules restrictions. But they shouldn' be
held up for inflated prices by owners who
sense a captive opporwunity. Such transac-
tions for this new kind of AM improvement
need more help and incentive than just sim-
ple buyouts.

A marginal AM station with litle public
service value and a tiny audience is not likely
to be missed if it is bought out of existence
by other interests who have a better chance
of improving service of another station that
can reach a larger audierce. The commission
has long wrestled with ihe challenge of AM
improvement. The rules changes intended 10
deliver on this goal, like granting local chan-
nels 1 kW full time and the nighttime 10
percent “ratchet clause” reduction, have
actually been counterproductive in most
CAases.

INCENTIVES FOR GOING DARK
Various ideas would nhelp entice owners
of marginal AM stations io give them up at
reduced prices if they could also be
rewarded an additional benefit of value. A
100 W or even 1000 W LPFM station,
where rules permit, could be awarded to
them as partial compensation. Part of the
sale proceceds paid by a beneliting AM station
owner desiring to improve his station could
g0 back to the government. Such transac-
tions would essentially become a form of
spectrum exchange and reallocation.

For group owners and stations n larger
sized markets, the government could award
a substantial tax centificate 10 those willing to
surrender licenses of nonproductive AM sta-
tions. Tax certificates worked pretty well 1o
help foster increased minority ownership of
meclia outlets. Certainly owners of marginal
and under-performing AM stations feel the
discrimination of Mother Nature, but also
that of more rapidly advancing technological
improvements for other media, and the more
inflexible and restrictive FCC regulations
that govern their service. Almost all AM
owners are descrving of soime special treat-
ment.

For AM HD Radio to do well hoth day
and night, the band needs to look more like
it did around 1950, just befere the explosion
of new allocations started compromising
interference-free listening. AMs golden age
ended about then as TV began to flourish,
but it continued to enjoy radio dominance
for another 30 years until FM flounished.

For the past 25 years, AN has struggled
against great obstacles, including vastly
higher ambient noise pollution, the loss of

AM stereo and the introduction ol so many
new forms of competing media. Without all-
news and talk radio. 1t could have casily suc-
cumbed.

A BETTER BAND

The present inventory of AM stations
could probably be cut by almost hall and
few would notice the loss of real service
not available elsewhere. With the aid of the
computer models developed for Thiquity to
characterize AM coverage and interference
profiles, coupled with Arbitron surveys. a
comprehensive studyv could be commis-
sioned to provide a detailed analysis of
which stations would be likely candidates
for going dark and which provide the high-
est levels of interference reduction.

Points could be assigned to such sta-
tions according to the level of interference
reduction they would generate if they were
permanently retired. The higher the point
total, the greater the tax certiticate amount.
The higher the point total, the higher the
power of an LPFM facility would be
awarded. This would aid such AM station
owners in deciding if turning in their
license would make economic sense.

As more stations go dark, the ones that
remain will benetit as the band becomes
less populated. Eventually, many stations
would reclaim wider arca groundwave and
skywave coverage that was previously lost
or unattainable and that will certainly dete-
riorate further if the status quo is main-
tained. Services now carried by AM
stations in the smaller markets that serve
small audiences could be replaced by

LLPFM stations in many areas of the coun
try. In the more densely populated areas.
enhanced coverage by the remaining AM
stations could take up some of the slack of
lost services. Certainly by the time muli
channel FM HD Radio penetrates most
markets, the fear of any loss of service will
be moot. That technology is developing
very rapidly and may be implemented
sooner than many in this industry expect

Its time 10 reorganize the family living
arrangements for the senior radio band
Continuing to house and feed the nonpro-
ductive welfare recipients is jeopardizing
the health and future of the employed
breadwinners. The industry cannot do this
without the government’s help. A good
brainstorming session at NAB with indus-
try leaders from all sectors to jump-start
the initiative is overdue. Many more
enabling ideas are certain 1o cmerge

This modest proposal should produce
winning results for all parties. Some
enlightened soul at NAB should take my
lead and get it moving. They might eventu-
ally become known as the savior of the AM
band. If the industry can’t find a way to
clean up AM now, we might as well go
back to my original idea to postpone
deploying AM HD Radio until HD
receivers become widely used on FM and
then convert the entire band to all-digital
all at once.

We would only hope it survives that
long.

RW welcomes other points of view. E-muail
to radioworld@imaspub.com. For Guy Wire
commentarics, sec www.rwonline.com.
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Barry Blesser

Dr. Barry Blesser, director of
engineering for 25-Seven Systems,
is @ former associate professor at

MIT and past president of the AES;

he is considered one of the
grandfathers of digital audio. His
book "Auditory Spatial Awareness
of Aural Architecture” will be
published by MIT Press in 2005

Technology Scarcity and Surplus

A Paradigm Shift Affects the Broadcast Industry

By Barry Blesser

he popular and professional literature

is so saturated with discussions about

technological changes in broadcasting
and communications that the average
reader cannot make much sense out of
their implications. While futurists, pundits,
cynics and opportunists just love the topic,
the rest of us treat articles on innovative
technology as a diversion, alternately pro-
ducing excitement and anxiety.
Interpreting this massive quantity of data is
impossible without carefully framed ques-
tions, reflecting how we view our world.

The concept of scarcity and surplus,
which is usually applied 10 commodities
and natural resources, 1s a revealing way to
examine the paracigm shifts in the broad-
cast industry.

I first observed this concept while fol-
lowing the evolution of the computer
industry. In us carly days, computational
power was scarce. Users and designers
optimized this scarce resource by restrict-
ing applications. Somewhat later, with dra
matic advances in processing power,
memory became the scarce resource that
limited performance. Then, when memory
became very inexpensive, communication
bandwidth became the botueneck.

COMPUTER AS COMMODITY

Now, at the beginning of the 21st cen-
tury, the major attributes of computers are
all in surplus, and the heaviest individual
users are those who play video games. The
computer has become a commodity, not
unlike potatoes, coffee and pork bellies.
The transformation of computer resources
from scarcity to surplus 1s a paradigm shift.
And because of this shift, computers now
permeate every aspect of our culture, from
Loys to management tools, from washing
machines to audio editing,

There is also a less obvious manilestation
of this same shift. When 1 began my clectn-
cal engineering career in the 1960s, the
design ol systems for audio and broadcast
ing was mostly a small-scale craft industry.

For example, over a hundred companics
produced high-quality turntables for local
audiophile markets, each with a stafl of a
few hundred. The ratio of large enginect-
ing effort to low production volume
resulted n high prices — that is, scarcity
In contrast, the core component of the CD
player, including the precision cast ron
frame, three servos and laser sensors, is
manufactured by only a few companies for
a worldwide global market. The cost is less
than $10.

Similarly, expensive pressing plants for
vinyl records have heen replaced by mil-
lions of computers that can cach burn CDs.
By increasing the sales volume by many
orders of magnitude, globalization made
playback technology a surplus commodity.

To be successful with technology sur-
plus, one must embrace its propertics
rather than dream about the “good, old
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days™ of scarcity:

As an example, consider our newest
product at 25-Seven Systems Inc. We buy
the motherboards, the operating system, the
display, the audio chipsets, the Flash mem-
ory and the power supply. Creating this
prociuct would only be a packaging exercise
except for two scarce components in this
soup ol commodities: a specialized algo-
rithm for transparent time compression, and
a carcfully crafied user interface that
matches the needs of the broadcast market.
A products value is only determined by
those components that are still scarce.

Fiflty years ago, designing a product
using resistors and transistors was a scarce
skill. It is a useless skill because circuit cre-
ation is now a narrow specialty rooted in
the design of integrated circuits.

In this sense. most products for audio
and broadcasting use highly integrated
commodity components from companies
supporting markets of hundreds of mil-
lions, like Microsoft, Intel. Texas
Instruments and numerous others. The
rest of us ride those elephants, being care-
ful not be trampled by walking in front
(being oo early), or getting dirty by walk-
ing behind (being too late).

The laws of scarcity and surplus also
apply to the broadcast industry, which is a
subsct of the media delivery business.
Traditionally, the scarcest commodity for
broadcasting was the limited number of
licensed frequency channels.

A good metric for measuring the amount
of a resource used by an audio delivery sys-
tem 1s the geographic area multiphed by
occupied bandwidth, which [ call the area-
bandwidth product. It corresponds to the
quanuty of hsteners at a given audio quality
level for a specific number of program
choices. Centralized high-power transmit-
ters in a restricted frequency band use a
large amount of this scarce resource. With
the historic rules for auctioning large quan-
tities of this resource to only a few commer-
cial users, scarcity resulied.

NEW AUDIO TECHNOLOGIES
ARE GROWING

Technology has recently created numer-
ous other audio-delivery mechanisms,
which dramaucally increases the available
arca-hbandwidth product. As an indirect
consequence of the dot-com mania during
the last decade, the Internets hard-wired
backbone has a surplus of bandwidth; it
will take decades before 1t is fully utilized.
Local telephone companices are now
installing fiber cable directly 1o the homes
in selected metropolitan areas. Networks
using WiFi will shortly spawn WiMax, a
wireless wide-band DSL over a 10-mile
radius. The proliferation of cell telephone
towers produced a multiplicity of radio
networks. Satellite broadcasting opens up
yet more bandwidth. The amount of sur-
plus bandwidth continues to grow because

it is inexpensive and in high demand, jusi
as roads provide transportation for millions
of trucks, busses, bicycles, motorcycles,
ambulances and automobiles.

When one resource shifts from scarcity
to surplus, the scarcity of the next resource
in the chain dominates. What is now
scarce?

The answer is obvious: mental band-
width. Each new media delivery system
competes with every other delivery sys-
tem, be it for listening to music, playing
with computer games, watching video on
television, or conversing with [riends
Commodiuzation of technology allows
anyone to distribute music. But with so
many thousands of media sources, name
recognition is limited by finite headspace,
which is ultimately the scarcest resource.
As a measure of mental bandwidth. time
and attention are a finite resource

The scarcity of headspace 15 a wide-
spread phenomenon in a culture that
engages in hyper-stimulation for all its citi-
zens, including broadcast engineers. They
do not have the time to study the manual
of their equipment and they expect the
user interface Lo be intuitively obvious:
plug-and-go, preserving mental band-
width. A good designer will invest in opui-
mizing this scarce resource by focusing on
stability and predictability, while ignoring
such lofty but irrelevant goals as raising the
signal-to-notse ratio from 90 dB 10 130 dB

As a paradox of technical change.
progress 1s actually more cireular than lin-
ear. We first moved from craft industries
with limited niche markets, to a single,
homogenized global market where one size
fits all. That same surplus technology, how
ever, also allows us to return to niche mar-
kets: customizing products for small
groups. Using hus computer for audio edit-
ing and program distribution, any teenager
can create specialized entertainment for his
personal Internet broadcasting station.
Commoditized technology can accommo-
date small groups with their unique needs.
like specialty restaurants that transform
food commodities into gourmet dining
with signature recipes

To avoid failure, individuals and compa-
nies must remake themselves 1o match this
paradigm shift. Survival depends on wisely
using those commodities that are currently
in surplus while adding scarce resources
that are still valued by the market. A scarce
resource can be an algornithm, a design
patent, a professional skill, a recognized
personality or a unique sound.

The concepts of scarcity and surplus are
not new, but only in the last decades have
they become applicable 1o high technol-
ogy. Enginecrs now harvest the techmical
equivalent of the farmers potatoes and
pork bellies

Please send vour comments and sugges-
tions to Barry Blesser at wordfeedback@
verizon.nct. @
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Our Generation-5 provides your operators
with a straightforward traditional control surface
coupled with all the benefits of digital technology. It
gives you the flexibility of system-wide source, mix and
destination control (any signal anywhere), a powerful
mix-minus section and a complete event store, name
and recall system. One wire from this surface can
control THOUSANDS of wires in your technical
operations center.

| And while the G-5 feels like an analog console,
its DSP-based mixing engine keeps your digital sources
digital while converting analog sources to switchea
digital, eliminating crosstalk and noise. It can furnish
remote and telcom functionality on any input fader
without fear of feedback—a real plus in back-to-back
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daily operations. Its built-in graphic displays keep
operators on top of things with just a glance. And since
the entire system is software based, you can accom-
modate any format with a press of a button.

Like all our Generation Series consoles, the G-5
has complete failsafe options available, such as
automatic fail-over DSP and CPU cards and redundant
power supplies. We can even provide scheduling
software and studio mounted satellite cages that can
be configured to mix independently from your main
routing system.

At WHEATSTONE we’ve built and sold over a
thousand digital audio consoles. The G-5 is a
culmination of all that experience. Benefit from our
expertise — choose WHEATSTONE!
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How Would You Like Your SOUND:

HOW DO YOU WANT IT in MIAMI?
How about NEW YORK? Should Chicago
be the same as Houston? What about
Boulder versus LA?

YOU GET THE POINT: today’'s market
sound is dynamic; formats and person-
alities can change on a dime. Keeping up
with what the competition’s doing can be
a fulltime job.

Our VORSIS™ AP3 processor incorpo-
rates multi-band compression, parametric
EQ, high/low pass and notch filters,
expansion, de-esser, AGC and a host of

system and output settings that let it
perform as a dual-channel mic processor
OR a stereo signal processor—perfect for
in-house rack use or that final HD radio
signature sound shaper.

And you don’t have to fly from city to
city (or room to room) to stay on top—
VORSIS™ ethernet protocol lets you
control all settings right from your
laptop—anywhere there’s an internet
connection.
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