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Figure 4: Good headend isolation
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“Call us for all your SONY requirements!”
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800-525-8386 800-962-5966 800-821-6800 800-883-8839
303-779-1717 OCALA, FL INDIANAPOLIS, IN

303-779-1749 FAX 800-922-9200 800-761-7610 http://www.megahz.com
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-4 dBmV for the highest frequency
channel. Federal Communications
Commission cable regulations
specily that the signal shall not
go below 0 dBmV. If 5 dB of
output slope is desired, the
equalizer will drop the input at
50 MHz to -9 dBmV. This will
hurt your C/N badly. Remember
that most hybrids have noise
figures in the 6 to 7.5 dB range.
The headend is another place
with applications for low-gain
single hybrid amplifiers. I get
calls from cable operators with
headend combiner problems
that can be resolved by a low-
gain amplifier better than a
high-gain amplifier. In headend
applications, a low-gain, power-
doubled amplifier with a built-
in directional coupler at its
output can eliminate cross-talk
co-channel problems and use
less jumper cables. Channels
that are common to all franchise
areas served from a single head-
end are split then combined
the local area specialty channels,
government and local access,
etc. Insufficient isolation of
the directional couplers and
splitters can create a co-channel
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SENCORE

'. Take The Heat

Off System Testing

Troubleshooting with Sencore’s
NEW line of signal level meters
will help you take the heat off

testing all your system
parameters.

CHANNELIZER
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The SL754 “CHANNELIZER” Features:
All Freq./Channel Tuning from 5-810 MHz

Extended Measuring Range from -35 to +60 dBmV : /\ 2 . S““:

Channel Planning Capabilities for custom channe! planning ‘ o s

or choose from 8 pre-set channel plans , The SL753 “CHANNELIZER” Installer’s Meter Features: \w
Automatic Pass/Fail Testing of all system parameters including: All Freg./Channe! Tuning from 50 to 810 MHz
Tilt Max A/V Ratio (5-810 MHz with sub-band option)
PN Min. C/N Level Extended Measuring Range from -35 to +60 dBmV
Flatness o Max. Hum o Signal Quality Tests includes video and audio carrier, plus
Ch. to Ch. Variation Al Ch. to Ch.Variation “on channel” % of Hum
v PlogediDeEr ngnitsel nlatipesiofiveatioeondtions Channel Planning Capabilities for custom channel planning L=
or choose from 8 pre-set channel plans -
Rugged Design for use in all types of _ -
weather conditions
- Both the SL753 and SL754 are covered by
Sencore’s Extended Warranty

NCORE!
(736-2673)




TRILOGY COMMUNICATIONG

THE ULTIMATE C s
AR?

SUPERIOR CORROSION PROTECTED
DROP CABLE

Trilogy Communicafio pends the same diligent pursuit of perfection in manufacturing dual-drop
cables for TV/telephi@ry installations, 50Q cables for downlink transmissions, and RMC? radiating air-
dielectric coaxial cd@le for open-air communications in highly developed or underground locations.

SENDING THE RIGHT SIGNAL

—

COMMUNICATIONS INC.

Call or write for free samples and brochure:
TRILOGY COMMUNICATIONS INC., 2910 Highway 80 East, Pearl, Mississippi 39208
(800) 874-5649 / (601) 932-4461 / FAX (601) 939-6637

Reader Service Number 3



= R 0 CTO0BER

DEPARTMENTS

Editor’s Lettere ¢
News e 10
SCTE News ¢ 1

Future Watch e 16

In Part 2 of this series, S-A’s
Bob Luff looks at ownership
possibilities for the future set-
top.

Correspondent’s Report 20
TeleResources’ Lawrence Lock-
wood covers the performance ba-
sics of lasers.

Management Portfolio » 28
Steve Day of Telecommunica-
tions Programming & Services
Corp. details the evolution of
multimedia engineering.

Product News ® /6

Cable Trivia 78

CATYV Consultant Rex Porter
serves up another trivia test
and provides the answers for
the last quiz.

Business /Classifieds ¢ 81
Bookshelf ¢ 88

Calendar ¢ 90

President’s Message * 94
The Society’s planning for the

future. By SCTE President Bill
Riker.

SN

— I
Hybrid networks ¢ 34

1995

Correspondent’s Report ¢ 20

P /
A/;*:'_—,:»,ﬂ;—?//
| ———%--

Form I
Text Image | Voice Dato Video
g| E| 2| g| ¢
2| g el
£ ;% S 2 Market dynomics

Management Portfolio « 28

250500 homes

0}

7 oAbl &

KA

Integrating HFC « 47

FEATURES

Hybrid networks ¢ 34

Ortel Corp.’s Larry Stark exam-
ines the interactive and inexpen-
sive benefits of the HFC net-
work.

Integrating HFC « 42

The primary advantage of the
hybrid fiber/coax network is its
scalability. By Antec’s Andy Paff.

Quality PM ¢ 57

Getting the big picture on pre-
ventive maintenance. By HP
CaLan’s Syd Fluck.

Battery failure ¢ 57

A case study on premature bat-
tery failure. By Cox Cable’s An-
thony Black, Dean Kinzel and
Ron Zimmerman, and IDK Tech-
nologies’ A.J. Finnin.

Back to Basics ® 66

Mike Blankinship of Magnavox
CATV Systems U.K. outlines
trunk and feeder preventive
maintenance (page 66). Randy
Goehler of Cox Cable covers
measurement methods of optical
return loss (page 69).

Cover
Art by Koji Kitagawa. ©Super-
Stock Inc.

© 1995 by Phillips Business Information inc., a subsidiary of Phillips Publishing International Inc. All rights reserved. Contents may not be reproduced without permission. Communications Technology™ (ISSN 0884-
2272) is published monthly by Phillips Business Information Inc., 1201 Seven Locks Road, Suite 300, Rockville, MD 20852, USA. Editorial and sales offices located at 1900 Grant St., Suite 450, Denver, CO 80203
USA, (303) 839-1565. October 1995, Volume 12, Number 8. Second cfass postage paid at Rockville, MD, and additional mailing offices. POSTMASTER: Send address changes to Communications Technology, Phillips
Business information Inc., 1201 Seven Locks Road, Suite 300, Rockville, MD 20852,

It works.

It's as simple as that. It just plain works.

Every RB-2 Clip on every install assures a long-lasting, damage-free
drop cable installation. No signal degradation — ever.

For information on the system that works all the time, every time: 800-257-2448.
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Direct merchants to the telecommunications industry
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THE FCC
IS NOT THE
ONLY GROUP
REDUCING YOUR
PROFITS...

3
THE BEAST STOPS
THIEVES - -

YOUR MDU
“CUSTOMERS” ARE
STEALING MILLIONS
FROM YOU.
THIS IS MONEY YOU
CAN NO LONGER
AFFORD TO LOSE.
CALL THE INDUSTRY
LEADER IN
HIGH SECURITY
ENCLOSURES
AND LET US SHOW
YOU HOW TO STOP
MDU THEFT
AND IMPROVE YOUR
BOTTOM LINE!

- L ERC\D
SOW

Cable Security

801 FOX TRAIL
OPELIKA, ALABAMA 36803
1-800-205-288-1507
205-742-0055
FAX 205-742-0058
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Tragedy

ver the years I've written
about a lot of things in the
pages of Communications
Technology, but what I have
to share with you this time is particular-
ly difficult. The headline on page 5A of
the Aug. 25 edition of Denver’s Rocky
Mountain News simply read, “Cable
worker slain on job.”

According to Lakewood, CO, police,
Tami Leigh Krizman, a 37-year-old
technician with TCI’s Denver-area oper-
ations was stalked and gunned down by
a former co-worker. The suspect, who
turned himself in to the Lakewood po-
lice immediately after allegedly killing
Krizman, told police he did it because he
had been fired and she was promoted
and given a company vehicle.

The News article noted that neighbors
said the suspect was “the scariest guy
there ever was” and that “he had guns in
his car trunk and swastikas on his wall.”
TCI in May of this year fired him for in-
subordination. Supposedly he could not
get along with co-workers or customers.
The article went on to say Krizman’s
family had worried about her safety be-
cause she had been getting hang-up calls
that were traced to the suspect, and that
he was following her on her work routes.
Police found photographs of Krizman in-
side the suspect’s apartment. Ironically,
the victim was scheduled to meet with
TCT’s security experts and lawyers the
day after the murder to deal with the al-
leged stalking and harassment. Another
irony is that Krizman’s brother, a subur-
ban editor of the Rocky Mountain News,
has handled several stories on fatal ob-
session. He had told his sister, “This guy
fits the mold.”

As of this writing, the suspect is
being held without bond for investiga-
tion of first degree murder.

My heartfelt compassion goes out to
the family, friends and co-workers of
Tami. I can’t imagine their grief over
this senseless killing.

Maybe this could have been prevent-
ed. I don’t know. Maybe she could have
been given different work routes. (The
company had suggested this, but she de-
clined.) Or maybe she could have been
reassigned to do other tasks until au-
thorities had a chance to deal with the
suspect’s alleged harassment. Maybe.

We'll never know

Maybe prevention has to go back to
the hiring process. This might include:

® Cruninal background checks: This
is a possibhility, although the suspect in
this case had previously been a security
guard. I don’t know if he has a criminal
background or not. This information
hasn’t been released to the public. If
nothing else, conducting criminal back-
ground checks during the hiring process
can help weed out obvious bad guys.

® Personality tests: I've taken these
before and while they often can provide
a general overview of an individual’s
personality, I've also heard that some
can manipulate these tests to produce
Jjust about any desired results.

¢ Reference checks: These days, it’s
getting harder and harder to find out
anything beyond employment dates and
simple confirmation that someone did in
fact work at a previous job. Good luck
getting a former employer to come right
out and say that someone was fired for
being a troublemaker, thief. etc. You'd
need a private investigator to dig up
that kind of information.

Would any of this have prevented
Krizman's tragic and unnecessary
death? This, too, we'll never know.
Please join me in a moment of thought
for Tami Leigh Krizman.

A fund has been established in mem-
ory of the victim for education of her
nieces and nephews. Contributions can
be sent to: Tami Krizman Memorial
Fund, Colorado National Bank of Cher-
ry Creek, 200 University Blvd., Denver,
CO 80206.

Ronald J. Hranac
Senior Technical Editor
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Power

Modules \ = N /\ I\

1I5AMP = 12 AMP 9 AMP 6 AMP 3 AMP

Standby Power Supplies Engineered
for Today's Cable TV Networks

Small Simple Standbys™ from And because our studies have
Power Guard will save you money, shown that most power supply
short and long term. locations actually use less than 9
Since SSS™ is available in 3-6-9-12  amps of power - we strongly
or 15 amp ratings and in two or three recommend that you consider our 24
battery configurations, you can volt units for those locations. You get
maximize efficiency and reduce your  an immediate 33% savings in battery
power bills and battery costs by costs and still have up to four hours

choosing the right model for each of standby run time.

power supply location. If your power Small Simple Standby™ - The right
requirements change - simply product at the right time for the right
upgrade the power module. Small price. No wonder we continue to be
Simple Standbys™ will grow with the fastest growing power supply
you. company in Cable TV.

Power by Design

1-800-288-1507 sll Ann FAX 205-742-0058
izl
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The TVM550 expands bandwidth to make agile modulation hotter than ever.

Standard’s TVM450 was a revolu-
tion - the first frequency agile, PLL-
controlled, broadband heterodyne
modulator capable of near-crystal
performance without heavy post-
filtering.

Now the TVM550 is making agile
modulation hotter than ever.

With the TVM550, you get a re-
broadcast quality modulator with
noise- and spurious-free RF output
and ultra-stable, artifact-free agile
PLL synthesized tuning anywhere
from 54 to 550 MHz. So you can co-
ver a much bigger slice of the broad-
band spectrum with one device.

And if that’s not enough to make
the TVM550 sizzle, there’s more.

Talk about integration.

rack space, external wiring and AC
power requirements, and reduces
heat generated in the headend.

A few refinements.
The TVM550 also offers some very
refined, practical features to make
operations simple and obvious.
Video and RF test ports, a seven-
segment deviation meter and
BTSC indicator are all convenient-
1y ocated on the front panel, v

C frequenc;

Get it while it’s hot.
When you add up all the TVM550
can do, it’s easy to see why it’s
becoming a very hot seller. But you
don’t have to take our word for it.
Call us, and we'll send you complete
specs and pricing. And if that’s not
enough to convince you, we'll set it
up and show you - in your facility
or ours.

Call today. We want to prove the
TVM550 is one hot idea where you
won't get burned.

The Right Technology for Right Now.

v. A
W

14
EF-F ok [

=3 SATELLITE & BROADBAND

Short on rack space (and who isn’t)?
The TVM550 is designed to ac

the seamless integration of options, J- processor ‘ v 800 7452445 r

hh-_l - -.I
116 —

including the CSG60 BTSC/MTS
gel erat@ ar ;' S
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Cablevision constructs
new fiber network

Cablevision Systems said it will
spend more than $243 million over the
next two years to complete construc-
tion of its new fiber-optic cable system
in Connecticut. The 750 MHz network
will run parallel to the company’s ex-
isting cable plant, with the side-by-
side systems providing an infrastruc-
ture capable of delivering nearly 200
channels (including existing as well as
digitally compressed channels).

Construction of the network began
in April in Fairfield County, CT,
where it currently passes several
thousand households. This month,
the company plans to launch Video
Direct, a video-on-demand service de-
veloped in partnership with AT&T.

NOTES

¢ In response to budget con-
straints, Federal Communica-

IEv s

tions Commission Chair Reed
Hundt announced a 10% reduction
in personnel and the closing and
consolidation of several field offices,
regional offices and monitoring sta-
tions. The Cable Services Bureau
will shoulder the brunt of the FCC’s
Washington office reductions, with
a staff reduction of 15%, from 223
to 190.

e US West Communications
began its video dial tone test in
Omaha, NE, one day after receiving
permission to do so from the FCC’s
Common Carrier Bureau. The 12-
month market test is serving ap-
proximately 50,000 households
under the name US West Tele-
Choice. Seventy-seven analog and
up to 800 digital video channels will
be made available to programmers,
delivered directly to cable-compati-
ble TV sets and VCRs without the
need for a set-top.

¢ Continental Cablevision filed
a petition with the California Pub-
lic Utilities Commission request-
ing permission to offer local tele-

phone service in 10 California coun-
ties. If approved, the company will
invest at least $700 million in con-
verting its existing cable systems
into broadband telecommunications
networks.

Correction/ clarification
The table in “A quick field strength

primer” on page 80 of the August
issue of CT was missing the 20 pV/m
and 50 pV/m column headings. The
tableshonﬂdhavemasﬁwnows.We :
apologize for any mi
the omission might have caused.

Conversions for common
midband frequencies in
aeronautical spectrum

20 uv/m | 50 puv/m

Channel pv  dBmV | pvV  dBmV
98 (A2) 872 4119 | 2179 -33.24

99 (A1) 826 4166 | 2065 -33.70
14 (h) 785 4210 | 19.63 -34.14
15 (B) 748 4252 | 1871 -34.56
16 () 715 4292 | 1787 -34.96

DATAONCABLE???............
ceeeeeeo...YOUBET!!!

Whatever your needs in carrying data signals on
coaxial, fiber or hybrid

systems, ISC DATA-COM

has the answer.

Start with our cost-
effective PTM-series
modems and the matching T-series Data
Translators, or move up to our faster series

SERIES T-TRANSLATOR

SERIES PTM-MODEM

60 Channel * SAW Filtered *

SAW FILTERED |
FIXED CHANNEL |

LATORS

HOLLAND

Model SAWM

1000 modems with full remote access,
: terminal \
programing
m | D— = = «tand diagnostics, W

- - ! orto the newest SERIES 1000-MODEM
ar w =] iewel in our crown, series 2000, providing

g AL vooeLzonsmoom DS-1/E1 data rates.

1SC DATA-COM, INC. 1217 DIGITAL DRIVE, SUITE 109, RICHARDSON, TEXAS 75081
TEL 214-234-2691 » FAX 214-234-5480 » 800-728-5648
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I.F. Loop * 50 dB Output

Quality Head-end Products
at the Right Price

HOLLAND

ELECTRONICS CORP,

Ventura, CA USA

(800) 628-4511
(805) 339-9060
(805) 339-9064 fax
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row PROFI

With the DIR-747 integrated receiver/descrambler, you get a 1'/4"
IRD that brings low profile to the next generation of performance.
And, it’s from the industry leader DX Antenna.
For us, it wasn't just producing a thin receiver, we needed to produce
the best receiver, period! And, we have done just that.
The DIR-747 is a combination of the space saver you need when
adding channels and the best technology available today. Also, it
| includes a long list of features from an integrated VCRS" descrambling
| module, to front panel controls and a video test port.

Easy is a key word when working with the DIR-747. It’s menu driven
with an LCD display that makes selecting the many options simple.
When combined with the all new DSM-180 modulator, your subscribers
will receive the sharpest video and soundest audio signals possible.

For more information, write to DX Communications Inc.,

10 Skyline Drive, Hawthorne, NY, 10532 or call (914) 347-4040.

— ) VNN AWR L N e N -

| The DIR-747 Satellite Receiver
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feedback path (Figure 3 on page
75). The modulators that use the
same channel frequencies on the
various trunk outputs to fran-
chise areas will interfere with
their corresponding channels in
the other trunk or fiber outputs.
Rather than have a single
high-gain, high-performance
amplifier to drive through all
the combiner losses, use several
low-cost, low-gain amplifiers
strategically placed to optimize
channel isolation and provide
gain as well. A single hybrid will
typically provide reverse isolation
equal to the forward gain of the
hybrid plus about 5 dB. This
isolation combined with a good
directional coupler with 30 dB
of “tap to output” isolation can
provide more than 50 dB total
reduction in signal feedback
paths. These types of isolation
amplifiers can be mounted on
the side wall or rear of equip-
ment racks without using front
panel rack segments. See Figure
4 to verify the feedback paths and
ways to improve the isolation.
Here’s a quick thought about

“The desired
output of a
single hybrid
amplifier, minus
the gain of the
hybrid, always
dictates the
input level.”

directional coupler isolation:
When testing any passive device
for isolation, the typical RF
bridge and “good” terminator

used in the test will have
return loss of around -30 dB.
Most passives have return

loss of -16 dB. Looking at the
headend lash up diagram shows
that two or more passives are
linked directly together or to
amplifiers that have return

loss in the -16/-20 dB range.
Using these lower range imped-
ance matched components, the
true “operational” isolation
desired may not be the 30 dB
shown while testing with an RF
bridge and precision terminator.
With an active hybrid amplifier,
the isolation is real.

After 25 years in the cable
business, I seem to hear some
of the same questions about
amplifiers quite a bit.

“How much gain do I need?”

“Is power-doubling good
enough to keep down my compos-
ite triple beat levels?”

“More gain is better, right?”

Wrong! As the old homespun
saying goes, “the right tool for
the right job”—or in this case,
the right amplifier for the right
job. €T

INTRODUCING REAL TIME CONTROL

The best possible splice,

Control your splice
during fusion,

instead of just checking it
afterwards

JANUARY
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at the first attempt

With the NEW FSU 925 RTC, Ericsson has
added a new and revolutionary dimension to
fiber splicing.

Like the FSU 905, the new FSU 925 features
Ericsson’s unique splice loss estimation method
based on the mode coupling (microbending)
theory and warm image processing, but takes
splicing one step further by incorporating a
unique Real Time Control (RTC) process with
auto selection of current. With this unique RTC
method for splicing eccentric fibers, you can
obtain consistently good splicing results in varying
conditions and with different types of fiber.

For more information please contact:

Ericsson Cables AB
Stockholm, Sweden
Ambherst International, Inc
Sarasota, Florida

Phone (941) 925-9292
Fax (941) 925-9291

ERICSSON 2
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New national HQ
groundbreaking held

The Society of Cable Telecommuni-
cations Engineers held a groundbreak-
ing ceremony July 18 on the site of its
new national headquarters facility in
Exton, PA. (See SCTE President Bill
Riker’s comments on page 94 in “Presi-
dent’s Message.”) The new building will
afford the Society greatly increased of-
fice space to allow it to better accommo-
date the growth that SCTE has experi-
enced in recent years, both in terms of
increased membership and the staff ne-
cessitated by the growing numbers of
members.

On hand for the ceremony were Na-
tional Chairman and Region 12 Direc-
tor John Vartanian, Region 11 Director
Dennis Quinter, President Bill Riker
and the SCTE national headquarters
staff. Those in attendance were given a
tour of the lot explaining the plans and
layout for the new headquarters build-
ing.

Plans call for the building to cover

N v s

15,000 square feet. Current plans call
for it to be completed in early 1996. It
will offer on-site warehouse space to
house the many publications and
videotapes offered by the Society. The
new building also will house a confer-
ence room to accommodate board and
committee meetings, as well as a
classroom to hold training seminars.
An additional highlight of the building
will be a room displaying artifacts from
periods throughout the industry’s histo-
ry showing the progress of broadband
communications since its inception.

The new site is only minutes away
from the Society’s present location,
which will afford the Society the con-
venience of being able to retain the
services of local vendors.

In related news, the Society’s Ohio
Valley Chapter, which is based in
Columbus, OH, presented a check for
$1,500 to the national Society at
Cable-Tec Expo ’95 in Las Vegas, NV.
The donation will be applied toward
the purchase of furnishings for the
new SCTE national headquarters
building.

BES of India:
Friendship agreement

In an effort to expand the scope
and variety of SCTE’s affiliations, the
Society recently forged a relationship
with the Broadcast
Engineering Soci-
ety of India, which
has its head-
quarters in
New Delhi.
The two soci-
eties will ex-
change mutual
promotional sup-
port in order to fur-
ther the develop-
ment of both organi-
zations.

To cement this rela-
tionship, SCTE President Bill Riker
and BES (India) President H.M.
Joshi recently signed an official “Hon-
orary and Friendship Agreement” be-
tween the two societies, confirming
the spoken commitment. The agree-
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ment calls for various cooperative ac-
tivities, including:

1) Exchanging visits and views be-
tween the members of the two associ-
ations in order to promote market ac-
cess and trade between the United
States and India and the further de-
velopment of the broadcast manufac-
turing industries in both countries;

2) Maintaining a regular exchange
of key publications, newsletters and
other information to ensure each is
informed of the other’s key concerns
and activities;

3) Encouraging the members of

each association to exhibit or partici-
pate in the broadcast exhibitions or
seminars sponsored by the other as-
sociation;

4) Stimulating consultations and
discussions by and between the
members of the two associations with
regard to possible cooperative activi-
ties;

5) Providing training and educa-
tion materials useful to the members
of the two associations; and

6) Pursuing such other cooperative
activities as may be necessary and
appropriate.

Model DCSG
2 CARRIER SIGNAL GENERATOR

Model BAS-1

HEADEND BI-DIRECTIONAL

ALIGNMENT SYSTEM

FIELD PORTABLE
RETURN
ALIGNMENT
UNIT

8000 Sernes
DIGITAL SIGNAL
LEVEL METERS

Model AT 1000R/G
I GHz SYSTEM SWEEP/SPECTRUM ANALYZER
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The BES (India) holds an annual
trade show, Broadcast Cable and
Satellite India, which is reported to
be the only international exhibition
and conference held in India. This
show is organized in cooperation
with Exhibitions India for the pur-
pose of promoting development and
knowledge in the country’s televi-
sion, cable and satellite industries.

According to EI President Prem
Behl, EI and BES (India) “bring to-
gether in a single forum users and
providers of broadcast services, aca-
demics, engineers, scientists, policy
makers, planners, regulators, etc.”

“I am very pleased to see the So-
ciety continue to broaden its inter-
national horizons,” commented Bill
Riker after signing the agreement.
“SCTE’s increasing visibility and
participation in the international
arena will benefit the Society great-
ly through increased cooperation
and communication, which in turn
will benefit the members.”

International
membership
tops 650

The Society’s international mem-
bership has increased 29% since last
year, and as of July 1, 1995, SCTE
has over 650 international mem-
bers.

Over 50 people living outside the
United States joined the Society
during Cable-Tec Expo 95, estab-
lishing this instance as the largest
boost in international membership
this year.

The international members come
from 55 countries worldwide, in-
cluding: Argentina, Australia, Aus-
tria, the Bahamas, Barbados, Bel-
gium, Belize, Brazil, Brunei, Cana-
da, Caribbean, Chile, China,
Columbia, Costa Rica, Denmark,
the Dominican Republic, England,
Finland, France, Germany, Grena-
da, Guam, Hong Kong, Hungary,
India, Indonesia, Ireland, Israel,
Italy, Jamaica, Japan, Korea, Mexi-
co, Netherlands, New Zealand, Nor-
way, Paraguay, Peru, Philippines,
Portugal, Puerto Rico, Scotland,
Singapore, South Africa, South
Korea, Spain, St. Lucia, Sweden,
Switzerland, Taiwan, Thailand,
Venezuela, the Virgin Islands and
the West Indies.
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By Bob Luff, Chief Technical Officer, Broadband Group, Scientific-Atlanta

Part 2 — Future set-tops:
Who will own this valuable usset"

Legislation is underway that could poten-
tially expand who can sell and own
CATYV set-tops or other devices that will
work in your system. Its impact on the in-
dustry, especially the technical communi-
ty, may be significant. Part 1 (“Commu-
nications Technology,” September 1995)
briefly traced the strategic role set-tops
have played in the competitive growth of
the broadband industry and some of the
resulting problems that have never been
fully addressed. This part will address
the regulatory motivation and various in-
dustry concerns regarding the pending
legislation to allow retail sales of set-tops
compatible with your system by local con-
sumer electronic stores.

he broader issue is that the

current enabling regulatory

statutes for telecommunica-

tions is badly in need of over-
hauling. The majority of the Communi-
cations Act of 1934 is unresponsive to to-
day’s more complex telecommunications
industries. Of course, once you open the
process, advocates from all directions
understand the significance of getting
their concerns addressed in the so-called
new “Telecommunications Bill.”

One key advocate is the consumer
electronics industry. Its perspective is
that cable’s continuing advancements
in programming, two-way, video-on-
demand (VOD), games, digital, interac-
tive and Internet access are creating po-
tential consumer demand for various
new products and upgrades that retail
stores are unable to participate in be-
cause of the current “bundled” functions
of signal security and otherwise con-
sumer features such as remote channel
and volume control or electronic pro-
gram guide to name just a few. Some
future concepts range from component
TV (purchasing monitors, audio system
and the “brains” separately) to fully in-
tegrated high-end TV sets with all set-
top descrambling and features built-in.

Bundling of security and features
It is generally recognized this
bundling of security and features is a

result of sincere interests on the part of
both operators and set-top manufactur-
ers to keep hardware connections sim-
ple and costs as low as possible. Hence,
subscriber monthly service bills are
kept as low as possible and critical sig-
nal security is maintained. Nonetheless,
consumer electronics retailers feel un-
able to participate in what some feel is
a future market potential equal to the
PC boom. Regardless of past inadver-
tent barriers, they want a level competi-
tive hardware environment going for-
ward. Open competition and direct pub-
lic access to various content providers
and hardware option choices is the
overriding philosophy of the new
Telecommunication Bill initiative and
what most observers believed fueled the
enormous growth of the PC industry.

Industry security concern

Signal security is the bedrock of the
cable industry. It ensures that everyone
continues to pay their subscription fees
for services watched. As in any business,
loss of control of your inventory and
cash register quickly spells disaster! It is
the main differentiator between cable
and over-the-air broadcasting and re-
sponsible for cable’s impressive growth
of programming and services.

The chief industry concern is that
signal security could be severely com-
promised with so many local and na-
tional manufacturers and retailers able
to sell set-tops with descrambler tech-
nology compatible with industry sys-
tems. While many feel future digital en-
cryption methods and two-way interac-
tive systems would withstand broader
public access to digital-based security
cable products, nearly everyone agrees
that the current nature of analog video
security and “broadcast” mode plant ar-
chitectures result in serious issues to be
considered. Even with today’s tight con-
trols signal piracy is estimated to be
nearly $4 billion loss per year. It’s no
wonder that the majority of the cable
industry is very concerned about retail
sales of analog-based, descrambler-com-
patible set-tops.

Packaging hardware and servites

Another key broad retail issue is po-
tential “packaging” of hardware and
monthly subscription fees by both tele-
phone and cable aperators. Such packag-
ing may be necessary to soften the public
sticker shock of more costly advanced
digital network cansumer devices.

The practice of “hiding” some or all of
the initial hardware cost by increasing
the “bundied” monthly program usage or
service fee is a well-used concept. It is
commonplace in the cellular telephone
industrv. But, here too. some consumer
electronic retailers feel that they are in a
hardware marketplace disadvantage
having to sell cellular phones at actual
high retail prices relative to telephone
network operators who can market a
“$59 plus $19.95/month package.”

Impact to tech departments
While the legislative concern and
outcome are not certain at this time,
most observers believe that the cable in-
dustry will end up with some require-
ment to embrace retail entry of prod-
ucts compatible with cable system secu-
rity. This may not necessary mean de-
scrambler set-tops. A compromise might
be to offer an option to the consumer
known as the “set-back” security device
where the system still controls and pro-
vides the security set-back mode and
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the consumer is able to select from a
number of various TV set models that
would support the set-back security in-
terface.

In any event, it is very likely that
cable technical departments will en-
counter a whole host of new products
being sold at the retail level and con-
nected by subscribers to their drops.
This will impact plant operations in
many ways. Following are a few specific
issues raised as examples of the range
of impact and are not intended to be a
comprehensive account. While any actu-
al legislation change effective date is
likely to be some time in the future it is
hoped that these points will stimulate
more comprehensive discussions specific
to your system’s details and allow time
for proper preparation and training.

Consumer confusion

It is likely that the lack of a full com-
plement of industry standards will re-
sult in retailers inadvertently selling
hardware that in fact will not be com-
patible with your system. Of course, the
consumer is just as likely to blame you
as the retailer. Certainly the Federal
Communications Commission, National
Cable Television Association, multiple
system operators (MSOs), Society of
Cable Telecommunications Engineers,
Electronic Industries Association, set-
top manufacturers and others will work
hard to minimize such problems. How-
ever, the current misunderstanding
over “cable-ready” consumer products is
likely to be just a tip of the iceberg.

Who pays for
service calls in the future?

Many cable systems are already re-
viewing their service call fee policy. Cer-
tainly the franchise authority or the
public cannot expect the cable operator
to continue to service for free hardware
that it does not own. Or would they?
Franchise agreements often specifically
address this issue and take time to
change.

Signal leakage

There is no question that retail sales
and more subscriber self-connection of
additional products to your drops will
increase your work load to maintain
compliance of your signal leakage re-
quirements.

Troubleshooting

What has always been a challenge
will become even more difficult. Now
system customer service representa-

tive (CSRs) and installers will be
faced with “no service” or intermit-
tent complaints on subscriber equip-
ment they have never seen and have
no background or training on. While
not the most efficient admittedly,
how many installers troubleshoot by
substituting another box? Different
retail equipment may have different
sensitivity to noise or levels and have
been known to have direct pickup or
interact with other nearby equip-
ment.

Two-way operations

While not totally clear in the cur-
rent legislation language, the spirit
of the bill would seem to also allow
retailers to sell devices that “talk
back” to the headend using your up-
stream spectrum. If a unit that you
own malfunctions, say transmits con-
tinuously, bringing the whole return
network down, you would quickly re-
place it. What are the customer rela-
tions issues when the interfering de-
vice you are disconnecting is owned
by the customer?

Local system differences
and future system upgrades

It is a reality that current local
systems use different technologies.
Consumers and retailers are surely
going to mix up devices across fran-
chise boundaries and have connec-
tion troubles. What happens when
you upgrade your system in the fu-
ture and subscribers find that their
consumer products no longer work in
your new frequency plan or security
system?

Conclusion

While the outcome of current
Washington, DC, legislation is un-
clear, most industry observers be-
lieve that the final version will con-
tain provisions supporting consumer
electronic retail sales of cable set-
top-like devices or functionality. The
primary issues are maintaining sys-
tem signal security, adjusting service
call policies, and preparing service
personnel, especially CSRs and in-
stallers, for a much more complex
customer equipment future environ-
ment. While the impact to the cable
industry may initially appear chal-
lenging, depending on the specific
outcome, let’s remember that open
competition and direct public access
to content and hardware were the
cornerstone of the PC revolution! CT
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f i CORRESPONDENT 'S EEEEEN

By Lawrence W. Lockwood, President, TeleResources, and East Coast Correspondent

Lasers — Performance bhasics

t was in 1966 that C.K.
Kao and G.A. Hockman
(working at the Standard
Telecommunications Labo-
ratories in the United Kingdom) pos-
tulated the use of glass fibers as opti-
cal communications waveguides. The
glass fiber attenuation had to be re-
duced to less than 20 dB/km, and in
1970 workers at the Corning glass
works in the United States produced
a fiber with the required attenuation.
This development led to the first labo-
ratory demonstrations of optical com-
munications with glass fiber in the
early 1970s. The advent of the semi-
conductor laser in 1962 meant that a

Figure 1: Semiconductor laser

fast light source was available. The
material used was gallium-arsenide,
GaAs, which emits light at a wave-
length of 870 nanometers (nanometer
= 102 meter = 1 billionth of a meter =
40 billionths of an inch). Various ma-
terials also were investigated to pro-
duce devices for operation at 1.3 and
1.55 pm (pm = micron = 108 m =1

millionth of a meter = 40 millionths of

an inch).

Physicists measure light in wave-
lengths while Engineers measure RF
in frequency. Why? Well, ¢ = fl where
c is the velocity of light, f is the fre-
quency and 1 is the wavelength. Since
the velocity of light is a constant,

then the shorter
the wavelength,
the higher the fre-

Loser light is generated here und some stays Partly quency. The lower
in the laser cavity to stimulote more emission reflective miror edge of Channel 4
Light fost is 66 MHz and
100% reflective : lndion . thus the wave-
miffor on _— pre  length is 4.5 me-
end of chip .4 L« ters. In the case of
2 1.3 pm light the

Waveguide e
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Figure 2: Lineor and nonlinear responses
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than the much higher numbers of the
frequencies of light.

Laser beam formation

The laser beam is formed by a res-
onator that confines light and makes
it pass again and again through the
excited medium. As shown in Figure 1
for a semiconductor laser, this res-
onator can be a pair of mirrors, one at
each end of the recombination region.

Long before lasers, in 1897, French
scientists Charles Fabry and Alfred
Perot devised an instrument to study
light. It was called a Fabry-Perot In-
terferometer and a version of it is the
dual-mirror resonant cavity — hence
the Fabry-Perot laser.

Light emitted straight toward one
mirror will be reflected back and
forth, stimulating emission from elec-
trons ready to recombine as it passes
through the junction plane. Light
emitted in other directions will leak
away. Thus only the light traveling
back and forth along the laser stripe
will be amplified and build up into a
beam.

Laser linearity

Two effects limit the use of direct
intensity modulation for analog trans-
mission. One is source nonlinearity,
which is particularly important for
frequency multiplexing, because inter-
modulation products give rise to inter-
channel interference. In addition, the
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Figure 3: Fobry-Perot spectrum
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transmission of color TV is sensitive
to small amounts of phase distortion.

A linear response shown in Figure
2a would produce a light output of the
laser that is linearly related to input
electrical signal. However, since the
response of a laser is nonlinear the
light output of the laser is not linearly
related to the input electrical signal
as illustrated in Figure 2h.

The nonlinear response introduces
nonlinearity into the process, which in
turn exacerbates intermodulation dis-
tortions, particularly second-order
and third-order intermodulation prod-
ucts. A number of techniques for in-
creasing the linearity of the transmit-
ter have been devised. These include
predistortion of the electrical wave-
form and the use of electronic feed-
back and feedforward circuits. The
problem of predistortion is that once
set it cannot easily be varied to adjust
for changing source characteristics
during life.

Laser modes

The other effect limiting the use of
direct intensity modulation for analog
transmission is laser modal noise. The
output spectrum of a conventional
narrow-stripe semiconductor laser is
shown in Figure 3.

Although much of the power is con-
centrated at one wavelength, laser os-
cillation also produces other wave-
lengths. The only wavelengths that
are amplified in the laser are those
for which the round-trip distance be-
tween the mirrors is an integral num-
ber of wavelengths A:

NX = 2 x cavity length
where N is an integer. The range of

wavelengths where the laser light can
be amplified by stimulated emission is

much broader than
the individual
peaks shown in
Figure 3. The re-
sult is a series of
narrow-wave- e
length spikes,
called longitudinal
(for along the
length of the laser) modes — not to be
confused with the modes in an optical
fiber.

A typical laser spectrum at 1,300
nm consists of several longitudinal
modes spaced about 1 nm apart as
shown in Figure 3.

The effect of modal noise on signal
modulation of a Fabry-Perot laser is
illustrated better by examining a
high-speed pulsed signal (digital). The
effects on a high-frequency analog sig-
nal are the same. Under high-speed
modulation a laser diode exhibits
multi-longitudinal-mode behavior,
and more precisely its spectrum
varies randomly from pulse to pulse.
(See Figure 4.)

As the typical longitudinal-mode
spacing is in the range of 1 to 2.5 nm
(at 1,550 nm nominal wavelength),
this effect leads to severe intersymbol
interference. This phenomenon illus-
trated qualitatively in Figure 1 is
called laser-mode partition noise. An
important aspect of this spectral prob-
lem is that even though the total
power output of the laser is constant,
the instantaneous fluctuations of the
power distribution among the laser
longitudinal modes can be quite large.
The combination of these partitioning
fluctuations causes random fluctua-
tions in the received signal. Thus
such devices may at any given time
emit light at any of a number of fre-
quencies in a rapid and unpredictable
fashion. The carrier in such a case is

Output pulse

Figure 5: Distributed feedback loser

Grating limits emission
o one frequensy

not strictly a sinusoid, but rather is a
randomly varying waveform con-
tributing to distortions.

Distributed feedback laser

Single longitudinal-mode operation
can be obtained by modifying the
basic Fabry-Perot laser structure so
that the cavity loss is different for dif-
ferent longitudinal modes. A laser
structure that has been found very ef-
fective in obtaining single longitudi-
nal-mode operation is known as a dis-
tributed feedback (DFB) laser. (See
Figure 5.) DFB lasers were first avail-
able in the early '80s.

In a DFB laser frequency-selective
feedback is achieved through the use
of a diffraction grating etched along
the cavity length, which provides re-
flections (i.e., the feedback is dis-
tributed throughout the cavity length
rather than located at the mirrors at
the cavity ends). This results in un-
equal cavity losses and, with proper
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SCTE ET '97:
Tackling data and beyond

he Society of Cable
Telecommunications
Engineers Conference on
Emerging Technologies,
which attracted 1,300 attendees
last year, is an extension of its
annual Fiber Optics seminar first
held in 1988. ET ’97 is taking
place this month (Jan. 8-10) at
the Opryland Hotel and Conven-
tion Center in Nashville, TN.
Featuring presentations on ad-
vances in data transmission net-
works and services in addition to
other emerging technologies, it is
of vital interest to engineers,
managers, manufacturers and
consultants involved in broadband
telecommunications.

Every attendee is receiving a
proceedings manual containing
information supplied by each pre-
senter at the conference. Again
this year, optional preconference
tutorials are being presented on
Jan. 8 to give attendees addition-
al background information on the
technologies to be discussed dur-
ing the conference.

The program subcommittee in-
cludes the following industry no-
tables:

¢ Jim Chiddix, Time Warner

Cable (Chairman)

¢ Jim Farmer, Antec

¢ Earl Langenberg, Consultant

* Dan Pike, Prime Cable

¢ Bill Riker, SCTE

* Doug Semon, CableLabs

¢ Pete Smith, Rifkin & Associates

* Tony Werner, TCI

What follows is a preliminary
program for ET ’97. For more de-
tails, contact SCTE national
headquarters at (610) 363-6888 or
check out your registration pack-
age at the conference.

Wednesday, Jan. 7
12-5 p.m.: Attendee registration
1-5 p.m.: Optional preconference

tutorials. These optional are de-
signed to give attendees detailed
background information on sever-
al of the technologies that will be
discussed over the next two days.
They include:

* “ISO Model Introduction and
Ethernet Overview” with Jim
Stratigos, Media4

* “What is TCP/IP?” with Mostafa
Ammer, Georgia Tech

* “What is ATM?” with Mark
Dellavalle, Cisco Systems

6-8 p.m.: Welcome reception spon-
sored by General Instrument and
CommScope

Thursday, Jan. 9
8-8:30 a.m.: Continental break-
fast sponsored by Scientific-At-
lanta
8:30-9 a.m.: Opening remarks by
SCTE President Bill Riker
9 a.m.-12 p.m.: Session A: Data
Services Over Cable—The Tech-
nology. Moderator: Dan Pike,
Prime Cable. The morning session
explores the enabling emerging
technologies to allow efficient
data transfer across the cable sys-
tem. Security, distribution, traf-
ficking, ATM and fast Ethernet
will be discussed. Presentations
include:

* “Issues in Broadband Data
Transfer” with Tim Kwok, Microsoft

* “Broadband Architectures and
Trafficking” with Dan Minoli, TCG

¢ “Optimal Transport of Data
on Cable Plants” with Matt Di-
ethelm, Intel

e “Attacks on Emerging Hybrid
Fiber/Coax Services” with Bob
Rance, Lucent Technologies

* “Data Access in an HFC Ar-
chitecture” with Mark Lauback,
Com21

12-1:45 p.m.: Luncheon topic—His-
tory of the Internet with Keynote
Speaker Dave Clark, MIT.

2-5 p.m.: Ses-
sion B: Data
Services Over
Cable—Appli-
cations. Mod-
erator: Jim Chiddix, Time Warner
Cable. In this session, applica-
tions which represent a variety of
future business opportunities for
cable operators will be explored.
We will hear about some of the
ways in which Internet technology
may evolve allowing time-sensi-
tive traffic such as voice and
video. We will also hear about the
strategies of two major groups of
system operators for the roll-out
of consumer services. Finally we
will gain some insight into the
systems integration challenge be-
hind the deployment of high-
speed data services. Presentations
include:

¢ “Packet Telephony in Cable
Networks” with Marty Glapa, Lu-
cent Technologies

¢ “The Delivery of Internet
Video”

* “Time Warner’s Road Runner
Service” with Mario Vecchi, The
Excalibur Group

* “@Home’s Deployment Strate-
gy” with Milo Medin, @Home

* “The Systems Integration
Challenge in High-Speed Data
Service Deployment” with Terry
Wright, Convergence Systems Inc.

SCT

6-8 p.m.: Polaris Award reception

Friday, Jan. 10

8-8:30 a.m.: Continental break-
fast sponsored by Antec
8:30-10:15 a.m.: Session C: New
Science Applied to Current Issues.
Moderator: Tony Werner, TCI. As
HFC networks rapidly deploy new
services, operators are experienc-
ing operational and engineering
issues. This session is dedicated
to providing quantitative field
data relating to these issues as
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design of the grating, laser operation
in a single longitudinal mode.

Figure 6 shows a simplified com-
parison of the optical spectra of typi-
cal Fabry-Perot (FP) laser and a high-
performance distributed feedback
1,550 nm laser. Figure 7 shows an ac-
tual spectral measurement of a sam-
ple FP laser made by a Hewlett-
Packard optical spectrum analyzer
and Figure 8 shows the corresponding
spectral measurement of a sample
DFB laser. Commonly measured opti-
cal parameters of FP lasers are total

Figure 6: Spectra of a typical FP loser and a high-performance

DFB loser

—

l+— <1 m

—o

|

Spectrum of o 1,550 nm Fabry-Perot laser with
L lingwidth of ~3 nm ond thus the bondwidh of the
linewidth is €0 = 400 GHz

power, mean wavelength (center of
mass), sigma (spectral width based on
a Gaussian distribution), FWHM (full
width half maximum = spectral width
at the half power points), peak ampli-
tude and peak wavelength. The key
spectral measurements made on DFB
lasers are SMSR (side-mode suppres-
sion ratio), mode offset, peak wave-
length, peak amplitude, stop band,
center offset, bandwidth and
linewidth. The FWHM of the FP laser
is 5.47 nm, which is 992 GHz wide.
The bandwidth of this DFB laser is
0.213 nm, which is
26 GHz wide.
Figure 9 is a
photo of an Ortel
1,310 nm DFB
laser. Ortel is aim-
ing this particular
laser at the return
path market. It is
considerably less
expensive than
downstream DFBs
according to Larry
Stark, vice presi-

B dent of broadband
_§ Sg:étr&{ of l:h hig:rperf?!r;‘m;(a 1,550 ngl communications at
£ with a lirewidth of 0.1 nm on Ortel — in th
& ; rte in the
i e CREL neighborhood of

' I S $1,000 (in quanti-

ty). Also important
Figure 7: Meosurements of FP loser
Fabry-Perot laser test
Meon wovelength = 1284.12 nm FWHM = 5.47 nm

Peak wavelength = 1284.41 nm
Mode spacing = 1.06 nm

Peak omp = -6.83 dBm
Total power =-2.08 dBm

Mode spocing = 193.47 GHz Sigmo = 2.32 nm
RL -7.41 dBm
SENS | -43 dBm
406 dbdiv -
1 a
L J |
Wl L V u

Center 1283.71 nm
“RBO2nm VB2 MHz

Span 35.00 nm
ST 50 msec

for return path applications, Stark
noted that the package contains a
thermoelectric cooler and an optical
isolator permitting operation over the
-40 to 85°C (-40 to 185°F) — signifi-
cant since return path lasers will not
be in the controlled environment of
the headend where downstream
lasers are usually located.

Fabry-Perot lusers
on a CATV system

Distributed feedback lasers are al-
most universally used today for ana-
log CATV system sources. However in
a February 1989 issue of CED maga-
zine, Robert Luff, then group vice
president of technology for Jones In-
tercable (now chief technical officer,
Broadband Group, Scientific-Atlanta)
wrote a comprehensive plan to use
Fabry-Perot lasers in a system up-
grade for the Broward County, FL,
system (“The Broward Cable Area
Network Fiber Model”). This proposal
was prompted by economics — DFB
lasers were much more expensive
than Fabry-Perot lasers.

In that plan, due to the limitations
of the Fabry-Perot lasers, the band-
width capacity per laser, and thus per
fiber, was calculated to be limited to
12 to 18 TV channels. The second-
order intermodulation products are
the limitation. By keeping channels
on a single FP laser within an octave
(i.e., highest frequency = 2 x lowest
frequency), the second-order beats can
be easily filtered out by a simple RF
passive filter placed at each receiver
right after conversion from light to
RF, but before combining with the
other fiber signals.

In a recent phone conversation,
Luff said that the system was built as
described with 12 channels per laser.

At that time the costs of DFB
lasers were much higher than they
are today but their price reduction
coupled with their much higher chan-
nel capacity (110 channels) have led
to the near universal use of DFB
lasers for analog CATV.

Wavelength
division multiplexing
Wavelength division multiplexing
(WDM) is the use of two or more
wavelengths to carry signals through
the same fiber. The advantages of
WDM techniques include the ability
to support bidirectional flow on a sin-
gle fiber and the ability to upgrade
the capacity of existing fiber systems
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Figure 8: Measurements of DFB loser

DFB laser test
Peak wovelength = 1321.33 nm SMSR = 49.23 dBc
Mode offset = 0.62 nm
Stop bond = 2.36 nm
Center offset = 0.56 nm

Peck omp = -18.42 dBm
Bondwidth = 0.213 am
(at-20.97 dB)

RL -18.25dBm

MKR #1 WVL1321.331 nm

s |95 |

-18.42|dBm

106~ — [

\ Marker bandtvidth
0.213 hm

R

L —}

TN N

Center 1321.331 nm
RB 0.1 nm VB 10 Hz

(without laying additional fibers).
Wavelength division multiplexing of
light is the same as frequency division
multiplexing (FDM) of RF except
WDM is done at the frequencies of
light as compared to the lower RF fre-
quencies in FDM.

How much bandwidth is available
for WDM? (See Figure 10.) The avail-

Span 5.00 nm
S ST =9.6 sec

The process of separating out dif-
ferent wavelengths carried on a fiber
(demultiplexing) or combining differ-
ent wavelengths (multiplexing) de-
pends on some fundamental princi-
ples in light. The
familiar case of a
beam of sunlight

going through a w(]ve|engfh

Figure 9: Ortel 1602 1,310 nm
DFB laser

ure 11.) Prisms refract light of differ-
ent wavelengths at different angles,
because the refraction index of glass
varies with wavelength. Diffraction
gratings scatter light at different an-
gles, depending on its wavelength and
the spacing of lines on the grating.
Use of a grating in a demultiplexer is
shown n Figure 12.

WDM devices such as shown in
Figure 12 are based on a reversible
structure, hence the multiplexing op-
eration can be performed by the same
device, simply exchanging the input
and output signal direction.

IBM — Muxmaster
A leading-edge application of use of

Figure 11: Prisms and diffraction gratings spread out light by

able bandwidth of a single-mode fiber  prism producing a Diffraction grating
in the 1.5 to 1.7 pm transmission win-  “rainbow” of colors Spectum
dow, where the fiber loss is less than  is an example of Whie ight Red
0.4 dB/km, 1s about 24,000 GHz (or 24 separating wave- /
THz). lengths. (See Fig- * Ble
White light
o . . . . Spectrum
Figure 10: Typical loss and available bandwidth of a single-
mode fiber
Figure 12: Basic structure of a grating demultiplexer
I Enlorgement of
n grating surface
= Mgy by —
B 12—
i 24,000 GHz
04 5 Reflective diffraction grating
] | |
1,300 1,500 1,700 ;,/'//

Wovelength (nm)
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Figure 13: Muxmaster
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gratings in WDM was recently an-
nounced by IBM called a Muxmaster.
In what is termed dense WDM the
Muxmaster sends 20 simultaneous
data streams over a single optical
fiber. Muxmaster transmitters use
telecam-grade lasers capable of send-
ing digital data at up to 1 gigabit per
second in each data stream. Current
applications are using 200 Mb/s (in
each data stream) in each direction
for up to 75 km (46 mi). (See Figure
13.)

Muxmaster uses 20 separate wave-
lengths separated by 1 nm in th

wavelength window of 1,540-1,559
nm. Ten of these channels are used
for transmission in one direction and
10 in the opposite direction on the
same fiber. The grating unit on the
left in Figure 13 takes the 10 separate
wavelengths and multiplexes them
onto the fiber link. The same grating
unit acts as a demultiplexer and sepa-
rates out the other 10 separate wave-
lengths incoming on the fiber and
sends them to their separate re-
ceivers. And of course the same ac-
tions take place on the other end of
the fiber link.

Paul Green, manager of optical
networking for IBM Research in
Yorktown Heights, NY, said that IBM
has sold “dozens” of Muxmasters in
an extended beta test of the product.
He said that the price was dependent
on each application, but generally was
more than $150,000. Many of the
users are banks and Green mentioned
three: Morgan Stanley, Republic Na-
tional Bank and the Bank of Austria
in Vienna.

Green also is managing an
IBM/Corning team partially funded
by the U.S. Defense Department’s Ad-
vanced Research Projects Agency
(ARPA). The main goals of the project
are to increase the number of chan-
nels and to reduce the price. They
have already achieved 32 channels on
a single fiber — 16 wavelengths in
one direction and 16 wavelengths in
the opposite direction. One objective
in reducing costs is to reduce the
equipment to an “optoelectronic
chipset.” (See Figure 14 on page 27.)

Underneath the common optical
chip at the top of the figure is mated
either the multichannel receiver or the
multichannel transmitter. For the re-
ceiver function, the light from each
grating output falls on a separate
photo detector. In the case of the trans-
mitter the bottom of the lasers are
coated with reflective coatings while
the top of the lasers are coated with
antireflective coatings and finally the
end of the fiber is coated with a reflec-
tive coating. Thus the resonant cavity
for each laser is from the bottom of the
laser up through the grating back to
the mirrored end of the fiber. This con-
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figuration eliminates laser modes in a
manner analogous to a DFB.

The project has developed a multi-
channel receiver in a chipset but is
still working on the development of
the transmitter chipset. Currently the
top chip is about 2” by 4” and the re-
ceiver is about 1/4” on a side.

Conclusions

The progress of optical communica-
tions from ground zero (nonexistence)
to its present state in only a couple of
decades has been breathtaking. In
1965. Gordon Moore a co-founder of
Intel. and still its chairman, formulat-
ed Moore’s law — the performance of
chip technology, as measured against
its price, doubles every 18 months or
so— and since then it has held true in
the computer world. Now, whether
Moore’s law can be applied to the field
of optical communications remains to
be seen but regardless it’s a safe bet
that the future will be just as exciting
as the past. (T
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By Steve Day, President, Telecommunication Programming & Services Corp.

Basics of the multimedia
engineering evolution

n today’s marketplace,
there is an uncertainty
about what the future
holds. Will the revenue jus-
tify the expense of a new multimedia
network? Will telcos, CATV and di-
rect broadcast satellite (DBS) com-
petitors erode the basic TV subscrip-
tion business? Will the transactional
TV marketplace be driven by content
ownership, digital delivery or multitier
marketing?

These represent some of the most
important questions about defining
the engineering future. Yet still today,
we have few answers and fewer de-
ployed solutions. I think we are
awaiting that “flare in the sky” that
says, “It’s time, let’s get out there and
deploy hybrid fiber/coax (HFC) net-
works with full multimedia.”

Vertical empires represented in
Figure 1 include telcos, CATV, broad-
cast, computing, print media and
newspapers. These are huge, thriving
industries that have all experienced
tremendous growth. Yet, each one is
threatened in some way by two evolu-
tions.

The first is digitization. The ability
to digitize information allows for cost-
effective storage, transmission and
processing. The information is no
longer separated by large gaps in the
technology. Secondly, as an entire

Figure 1: Medio's evolution
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Source: Jagdish Sheth, Emary University

generation grows up through the
communications age, it has become
sophisticated and, frankly, demand-
ing. Broadband engineering will dras-
tically change in ways we have yet to
realize.

Impact of digitization

I can remember when working at
Sprint in the early 1980s, we began
installing digital switches. Massive
infrastructure, countless peaple and
other resources had been dedicated to
the physical trunking of telephone
circuits through large, analog switch-

Figure 2: The bosic multimedia engineer training curriculum

Basebond video basics

| anging

Digital video ond compression
Basic telephane engineering
Advanced telephone nefworks
Asynchronous transfer mode networks

ing facilities. I remember the analog
switching facility and hearing the
hum of the mechanical switching, the
hustle of the central office (CO) tech-
nicians, and bays of physical wire
and processing equipment running
down long corridors the size of foot-
ball fields. (There’s maybe a little ex-
aggeration here.)

After a digital switch was in-
stalled, the entire switching center
became incredibly quiet, the work of
50 could now be done by two, the dig-
ital switch took up a fraction of the
space of its analog counterpart and
the entire process of switching the
massive office could by now con-
trolled from one computer terminal.

Nothing, in my experience, more
dramatically illustrates the collapse
of a vertical, technical structure than
my remembrance of these digital
switch cutovers. Digitization repre-
sented a complete revolution of these
old telephony offices and, eventually,
the way telcos conducted business.
Furthermore, this digital capability
is now being made available in
smaller packages including personal
computers.

More importantly, what were
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the reactions of the technical
teams charged with making these
switches work? Largely, there was
uncertainty. Uncertainty associat-
ed with how their jobs would
change. Uncertainty associated
with the digital technology. Uncer-
tainty of how to handle the hori-
zontal job structure where the old
rules no longer apply. How does a
technician react when Friday there
were 50 people performing jobs
with a great deal of physical inter-
action with the equipment and on
Monday there were two people in

jobs with a computer terminal
doing all the work?

This parallels what will happen in
tomorrow’s broadband environment.
We are faced with the same uncer-
tainty. Rapidly, we are going from
dealing with analog RF carrier trans-
port of simplistic 6 MHz, AM-VSB
video channels to a network carrying
all kinds of voice, video and data. We
are moving to a network with all
kinds of added functionality: switch-
ing, status monitoring, digital com-
pression and so on. How do we con-
tinue to instill the basic knowledge

Power & Tel has succens[u‘”y mwlgnlecl in the
CATV Incluslry for more than 20 years lty
asseml)ling an (-xperienrm] crew, recruiling llle
prime suppliors. and lmil(ling a distribution

nelwork from 15 l(ey cities.

clling for success

in CATV?

" DISCOVEI‘ l)OWQI‘ & Tel

The people. p]u:q and things you need for
CATYV success are ulrmuly in plnrr. To take

full nclvnnh\ge o them, contacl Power &
Telephone Supply today!

Power & Telephone
™ Supply Company

2673 Yale Avenue + Memphis, TN 38112 + FAX 901/320-3082

800/238-7514
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and abilities into the CATV engineer,
headend technician and others that
are performing in small, medium and
large offices throughout the world?
How do we move new service offer-
ings and new technologies from spe-
cialists to the mainstream engineer-
ing staffs (the guys working in to-
day’s typical offices)? This will
change the engineering environment
as follows:

* As the vertical structures flatten
out, it is important to equip the engi-
neer and technician with computing
technology that will simplify and au-
tomate the work environment.

¢ As the vertical structure collaps-
es, the engineer must now completely
understand the horizontal structure
and all facets including content, stor-
age, equipment, applications and
transport.

* As the horizontal structures
emerge and automation replaces
manual labor, it is important to edu-
cate the engineer and technician so
that they are confident in their un-
derstanding, resist their inherent
urges to physically intervene and use
their newfound capabilities in the
proper manner.

Automation

In today’s video office, these same
types of technological advancements
and engineering developments are oc-
curring. Instead of a physical, me-
chanical office, today’s video office is
becoming a digital processing office.
Like most telephony switching offices
of the 1970s and 1980s, the process-
ing of information from providers to
customers can now be controlled from
one computer terminal.

Education

This automation concept is the
first important fundamental. The sec-
ond is education. There is no better
tool than education in dealing with
the uncertainty of the future and
rapid change in the engineering envi-
ronment. Successful engineering
staffs will be able to understand all
horizontal layers. I have never taught
a broadband engineering course
where the majority of the CATV stu-
dents understood the video basics. I
have never taught a telephony engi-
neering class where the majority of
the telephone students fully grasped
the voice and data basics. It is amaz-
ing that someone can function in a
pyramidal or vertical organization by
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learning his job and routinely re-
peating the same tasks without fully
understanding his functional disci-
pline.

Figure 2 (page 28) represents the
basic building of knowledge required
for tomorrow’s CATV engineer. Be-
ginning with video basics and moving
up through ATM technology provides
for a solid broadband engineering
background.

When viewing the current vertical
structures, the analogy of putting
fires out with a line of people pass-
ing buckets of water from the well to
the fire comes to mind. All a person
has to master is his particular task.
In the analogy, a person passing
buckets of water really doesn’t even
have to see the fire. In the future of
digital technology and multimedia
market dynamics, this support struc-
ture will disappear. In the horizontal
domain, the engineer will be forced
to handle all functionality of a par-
ticular discipline. The video office
engineer will have video, voice and
data analog, digital and compressed
digital one-way broadcast and two-
way interactive and circuitized and
packetized information. Successful
companies in the competitive future
will:

1) Replace programmed training
with outcome-based training. Com-
panies gearing for the future must
do more than ensure that a subject
is covered. They must ensure that
their engineering and technical
staffs emerge with a working knowl-
edge and ability to function in the
horizontal marketplace.

2) Develop tomorrow’s engineer to
be able to understand, engineer and
function in a world with voice, video
and data comingled.

3) Like the telephony digital office
example, develop engineering tools
that allow engineering to handle the
vast array of new horizontal consid-
erations with simplistic, open archi-
tecture concepts.

These subtle, but important
changes will occur in the next five
years. Fortunately, the deployment of
digital technology and the develop-
ment of the multimedia market will
result in a horizontal structure giving
each engineer unparalleled autonomy
and the ability to make a difference
for his or her company like never be-
fore. It will be the engineering and
technical talent that exists in each
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crimpless brass connectors for
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Markham, Ontario, Canada L3R 1E7
Phone: (905) 475-6920

Toll Free: 1-800-285-3940

Fax: (905) 475-7228

Serving the industry since 1973

system that will make all the differ-
ence. The competition that possesses
the best of these engineers will win
because of one basic principle: The
delivery of service with higher quality
and for a lower cost will result in a
basic competitive advantage.

This is particularly important for
CATYV companies. Today, the CATV
engineering talent, knowledge and in-
novation has marifested itself in un-
rivaled growtn and development.
CATV companies that realize what
power of automation, engineering and
education basies will most certainly

increase the probability of keeping
this talent — the core talent that
drives the industry and represents its
foundation.

The last message is to remember
the strength of empowering the local
CATV engineers above all else. The
tendency with new technology is to
centralize its roll-out. Yet these local
engineering staffs have historically
been the strength of the CATV indus-
try. Realize that these engineers rep-
resent each company’s future compet-
itiveness and provide them with the
necessary training. CT
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By Larry Stark, Vice President ond Business Monager, Braodband Communicatians Products, Ortel Carp.

HFC: Interactive and inexpensive

assing almost every
home in the United
States is a virtual
communications gold
mine — broadband coaxial
cable. Today, these coaxial ca-
bles are being connected to the
CATV equivalent of a telephone
company remote terminal, the
fiber-optic “node,” which repli-
cates a full spectrum of headend
signals at the output of a fiber-
optic cable within 1,000-2,000
feet of the home.

Spurred by these technology
advances and by the promise of
significant changes in the regu-
latory environment, local ex-
change carriers (LECs) and in-
dependent telephone companies
are planning to install fiber and
coaxial cable, and many of them
are considering offering not just
TV signals, but a wealth of digi-
tal services, including interac-
tive multimedia and telephony.

What are the technological
changes that have brought
these hybrid fiber/coax (HFC)
networks into the forefront of telephone
network discussions and what can
these networks offer to subscribers and
network operators? This article reviews
the changes in fiber optics that have

Figure 1: Fibertothefeeder network

Cooxiol coble \
A,

made these networks possible, and of-
fers some perspectives on the benefits
of HFC networks for interactive net-
works, as well as some of their short-
comings.

HFC networks

HFC networks combine the
best features of fiber and coaxial
cables. The advantages of fiber
are well-known. These include
very low attenuation, high
bandwidth, low cost, light
weight and immunity from elec-
tromagnetic interference. Never-
theless, fiber-optic technology is
sometimes less preferable than
metallic cables. In particular,
the cost of high dynamic range
optoelectronic transmitters and
receivers is significantly higher
than their electronic counter-
parts. The costs for passive opti-
cal components, such as cou-
plers and connectors also are
much greater than their elec-
tronic counterparts.

Coaxial cable and RF electron-
ics also have significant advan-
tages. Coaxial cable can dis-
tribute signals up to 1 GHz over

= distances of 1,000-2,000 feet. Of
£ greatest significance are the ex-
2 tremely high dynamic range

© and low cost of the RF ampli-
fiers and passive components used in
coaxial networks. This makes coaxial
cable by far the most economical medi-
um for distributing broadband high dy-
namic range signals within neighbor-
hoods. On the other hand, coax also has
limitations. Of greatest importance is
the high loss of coax compared to fiber
and also the fact that the loss is strong-
ly frequency-dependent. For distances
much greater than 1,000 feet, signals
in coax networks must be amplified
and equalized. Every time the signal is
amplified, noise and distortion are
added. After a number of amplification
steps, the signal quality can become

HFC networks take advantage of the
best features of each technology. Fiber
is used to transmit high-quality signals
from a CATV headend or LEC central
office into neighborhoods. An optical re-
ceiver is then used to convert the optical
signal to an electrical (RF) signal. The
signal is then distributed within the
neighborhood using a “short range”
coaxial tree-and-branch design. —

DFB transmitters :
i /.
g : 500-1,000 hemes
v / unsatisfactory.

14 optical splitter -

optical spi 4‘

—
Opticol fiber cable
Optical node
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Figure 2: Digital fiber optics
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Figure 3: Lineor fiber optics
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The coaxtal network also collects return
path signals from the neighborhood
that are transmitted back to the head-
end or central office via a return path
optical link. The most common imple-
mentation of HFC today is the fiber-to-
the-feeder (FTTF) network architec-
ture. A representative FTTF network
design is shown in Figure 1 (page 34).
Typically the output of a single laser
transmitter is split three to four ways
to individual optical receivers. Each op-
tical receiver delivers its signal to 500-
1,000 homes. The transmitter delivers
signals to a few thousand homes.

Linear fiber optics

Linear fiber optics has made an
enormous impact on communications
systems that use radio frequency sig-
nals. Prior to the emergence of this
technology, system designers in RF
communications systems had no cost-ef-
fective way to incorporate the undeni-
able benefits of fiber in their systems.

All fiber-optic links consist of an
optical source, transmitting through
an optical fiber to an optical detector.
In digital fiber-optic links, the source
is turned on and off, producing a bina-
ry (on/off) optical beam. The detector
responds to the presence or absence of
an optical signal at the output of the
link, producing a binary current out-
put, as shown in Figure 2. This signal
can be “interpreted” correctly in the
presence of significant noise and sig-
nal distortion, so the optical source
does not have to meet stringent per-
formance standards. Digital fiber-
optic products were unsuitable for
transmitting RF signals, because they
did not provide high enough perfor-
mance, either in output power, signal
bandwidth, linearity or low noise.

In linear fiber-optic links, as shown

Loser current

Modulated oprical output

Ith

RF input sigral

in Figure 3, the

RF signal propor-

tionally modulates the output of the
transmitter, so that the optical signal
is an exact analog of the instanta-
neous RF signal. Thus the optical de-
tector converts the instantaneous in-
tensity of the received optical beam to
a current, which is a replica of the
input RF signal. Distortion and noise
that is of little consequence in digital
links can significantly impair the re-
ception of analog signals, so the per-
formance requirements on the optical
source are more stringent.

Research on laser and photodiode
technology for high-frequency analog
signals began in the early 1980s. By
the late 1980s, development efforts for
high-performance links had focused
on the distributed feedback (DFB)
semiconductor laser. The DFB laser is
a “quaternary” semiconductor chip,
made from InGaAsP. The optical
properties of this device are deter-
mined by an internal optical grating
that acts as an optical filter resulting
in a single optical wavelength at the
output of the laser. Without such a
grating, semiconductor lasers produce
a beam that includes several wave-
lengths. Such lasers, called Fabry-
Perot (FP) are generally not well-suit-
ed for linear fiber-optic links. This is
an important feature of high-perfor-
mance linear laser sources.

Fo achieve the performance of to-
day’s fiber-optic transmitters, re-
searchers had to find ways to raise
the maximum modulation frequency
of semiconductor lasers from about 1
GHz to almost 10 GHz. This work re-
sulted in significant improvement in
the noise and linearity of lasers, ulti-
mately resulting in the performance
of today’s products. It also was neces-

Loser current

sary ta increase the power capahility
of packaged semiconductor lasers
from 1-2 mW to today’s levels of 10-20
mW. This increase was the result of
designing more efficient lasers, in-
creasing the coupling efficiency of the
laser chip to the optical fiber and in-
creasing the operating current capa-
bility of the laser.

Rising performance, falling costs
The first commercially deployable
linear fiber-optic CATV transmitters
were marketed for $30,000, carried 40
channels on a single fiber over an opti-
cal loss budget of 5 dB, barely sufficient
for transmitting 10-12 km. Today's
transmitters sell for about a quarter of
that cost, and carry 80 channels plus
several hundred MPEG digital channels
over distances of 20-25 km. This trend
toward higher performance and lower
cost is not finished. Increasing produc-
tion volumes of linear DFB lasers are
cutting product costs in half every three
years. The historical “linear premium”
that equipment manufacturers have
paid for CATV DFB lasers is rapidly
evaporating. Except for differences in
testing requirements, there will soon be
no significant difference in price be-
tween linear and digital DFB lasers
that are manufactured with similar
packaging requirements. This will have
a critical impact on the cost of HFC net-
works, especially on networks with fiber
pushed deeper into the network.

Interactive HFC networks

HFC architectures provide a highly
cost-effective way to build a network
for today’s analog video services that
can grow flexibly and provide interac-
tive digital services in the future. The
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cost penalty of providing analog video
with digital signals makes an HFC net-
work virtually mandatory. With ap-
proximately 200 million TV sets and
100 million VCRs in the United States,
no network operator can realistically
consider providing this equipment base
with digitized video for “basic services.”
If the digital MPEG decoder costs
$300, this installed base of existing RF
tuners represents $90 billion that must
be paid by any provider of broadcast
video services using digital signals.
Also, many TV sets are “cable-compati-
ble” and viewers are highly skeptical of
services that require them to use a set-
top just to view basic tier services.
These considerations virtually mandate
that prospective analog video service
providers plan to use HFC networks.
Once an HFC network has been de-
ployed, it is straightforward to migrate
to a full-service two-way communica-
tions network. Coaxial cable can carry
two-way signals, by separating them

Figure 4: Frequency spectrum of HFC network
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into different frequency bands, the
downstream and the upstream bands,
as shown in Figure 4. The edges of
these bands reflect the practical limita-
tions of accommodating TV channels at
their traditional broadcast TV frequen-
cies. While some planners have experi-
mented with placing the upstream
band in the 850-1,000 MHz frequency
range above the downstream frequen-
cies, there are practical difficulties with
this approach, and it has not been
widely adopted be-
yond some experi-
mental trials.
Analog video
channels are nor-
mally transmitted
between 50 and
550 MHz, which is
enough spectrum to
transmit 80 e¢han-
nels of NTSC video.
The digital chan-
nels are carried in
the 550-750 MHz
band. Even allow-
ing for a guardband
between the analog
and digital spec-
trum, this repre-
sents almost 1

750

Optical fiber

(ooxial cable \
2
250-500 homes
M
Optical nodes
— @
9

Gbps of digitized information using
QAM or VSB digital modulation tech-
nology, or about 300 MPEG video sig-
nals. As demand for analog services
falls in the future, the digital band can
be extended downwards to 450 MHz,
for a capacity of about 500 channels.
This is the origin of the famous “500-
channel” CATV system that has been
widely touted to the public.

Upstream signals from the home are
carried to the optical node over coaxial
cable, through bidirectional amplifiers.
At the node, they are modulated onto
an upstream laser and transmitted as
fiber-optic signals to the headend (or
central office). The upstream frequency
band coexists with a number of com-
mercially active RF bands, such as
radio amateur bands, CB radios, short-
wave broadcast, etc. Even new cable
plant can conduct a significant amount
of energy radiated by these services
into the return band, and threaten to
disrupt upstream signals. Also, home
appliances often radiate electrical in-
terference in this band, and this energy
can be conducted into the return band
from within the subscriber’s home.
These issues will be discussed more
fully in the final section of this article.

The FTTF plant design shown in Fig-
ure 1 (page 34) is capable of providing
interactive services as is, but as demand
for such services grows, such a plant de-
sign would eventually need expanding.
This is one of the primary advantages of
HFC networks — the ease of adding
digital capacity incrementally as de-
mand grows. There are two basic ways
to expand such a plant architecture.

A simple expansion approach,
shown in Figure 5, is to eliminate the
optical splitter at the transmitter site,
add additional DFB transmitters, con-
nect each fiber to a unique transmitter,
and transmit AM and digital signals to
nodes of approximately 500 homes over
a single fiber. With 80 channels of AM
video and an additional 300 MPEG
video channels, network operators can
satisfy a significant degree of interac-
tive demand using this network.

A variation of this architecture,
shown in Figure 6 (page 40), uses com-
pletely separate transmitters for the
digitally modulated RF signals, trans-
mitted through separate fibers to sepa-
rate photodiodes, and combine the digi-
tal signals with the analog after the op-
tical receiver.

The advantage of the first approach
is that it minimizes the use of optical
fibers, uses simpler receivers and does
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well as procedural and technologi-
cal solutions from subject matter
experts. Presentations include:

* “Downstream Laser Clipping:
Field Measurements and Opera-
tional Recommendations” with
Rex Bullinger, Hewlett-Packard

* “A Cost-Effective Approach to
Return Path Monitoring” with
John Mattson, Arris Interactive

¢ “Return Path Testing Meth-
ods and Performance Compar-
isons” with Oleh Sniezko, TCI
Communications

* “Composite Power and Its Ef-
fect on Reverse Path Laser Clip-
ping” with Lamar West, Scientific-
Atlanta

* “Network Management Tools
and Processes for HFC Networks”
with Serge Rochette, Rogers Ca-
blesystems

10:30-12 p.m.: Session D: Empiri-
cal Data and Field Experiences.
Moderator: Pete Smith, Rifkin and
Associates. After all the research
and product development is com-
pleted a network application is
launched. In this session you will
hear about real life deployments
of data networks including work
at home applications, technical re-
quirements of the network, busi-
ness requirements, and security
issues of a widely dispersed net-
work. Presentations include:

* “Network Operations and
Field Experience” with Tom
Staniec, The Excalibur Group

* “Business Experience in a
Residential Data Network” with
Frank Cotter, Rogers WAVE

* “Work at Home—Integrated
Data and Voice” with Doug Wolfe,
West End Systems

* “Security Issues in Wide Area
Networks”

12-1:45 p.m.: Luncheon topic—
History of New Business Technol-
ogy Development with Robert
Lucky, Bellcore

2-4 p.m.: Session E: Over the
Horizon. Moderator: Earl Langen-
berg, Consultant. Requirements
for the mass storage, retrieval and
distribution of data is growing ex-
ponentially. This panel of industry
experts explore over the horizon
technologies that may well be
used to create the super servers
and fiber-optic transport compo-

nents that are so vital to the suc-
cess of our telecommunications in-
dustry. Presentations include:

* “Super Servers—Meeting To-
morrow’s Mass Storage and Re-
trieval Requirements” with John
Mashey, SGI

* “Optical Fiber Gratings for
Dense Wave Division Multiplexing
and Long Reach Telecommunica-
tions” with Tino Alavie, Elec-
troPhonotics

* “Micro Replicated Polymers—
On the Way to Low Cost Optical
Splitters and Combiners”

* “Sampled Grating Distributed

“(ET '97) is of vital
interest to engi-
neers, managers,

manufacturers
and consultants
involved in
broudband telecom-
munications.”

Bragg Reflectors: Crafting High
Yield Coherent Optical Transmit-
ters”

* “Fluoride Fiber—A Way to
Improve the Performance of Opti-
cal Amplifiers”

Opryland

A recently completed expansion
of the Opryland Hotel Convention
Center makes it one of the largest
convention center hotels in the
world. Located near some of Ten-
nessee’s prime attractions, the
hotel offers many conveniences for
visitors including 22 retail shops,
over 15 restaurants and lounges,
and the hotel’s 18-hole champi-
onship Springhouse Golf Club.
The impressive surroundings in-
clude waterfalls and fountains,
three indoor gardens totaling over
eight acres and four Mississippi
flatboats riding the river that
winds through the hotel.

Nearby, you can enjoy some of
Opryland’s finest country music
entertainment at the internation-

ally-famous Grand Ole Opry, ride
the world’s largest showboat, the
General Jackson, be part of a live
studio audience at a Nashville
Network taping and visit historic
Ryman Auditorium, the original
location of the Grand Ole Opry.

Miss something?

If you’re reading this after Jan.
10, and didn’t have a chance to
take advantage of ET ’97, remem-
ber that a proceedings manual
and tapes are available from the
conference. Contact: SCTE nation-
al headquarters, 140 Philips Road,
Exton, PA 19341-1318: Phone:
(610) 363-6888; or World Wide
Web: http://www.scte.org.

Expo '97

Don’t forget about the SCTE’s
Cable-Tec Expo '97, the premier
techology conference in the cable
telecommunications industry,
which is taking place in Orlando,
FL, from June 4-7. Information
and registration packs are avail-
abe from SCTE national head-
quarters. CT

REPRINTS
REPRINTS
REPRINTS
REPRINTS

For information on
how you can use
reprints to build

your business, call:
Robert Lennen
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not require any additional network re-
configuring when the frequency plan
changes. The advantage of the second is
that the additional transmitters are iess
expensive because they are only re-
quired to transmit QAM or VSB digital
signals. Most equipment manufacturers
are now developing transmitter prod-
ucts for both approaches.

Designing for the return path

What is the capacity for upstream
communications with HFC networks?
How much bandwidth is really avail-
able and what problems will be en-
countered trying to use this band-
width?

Traditionally, CATV networks were
one-way. The low-frequency portion of
the spectrum was available for up-
stream signaling, but was basically not
utilized for two reasons, both of which
have been substantially alleviated with
linear fiber optics. First, before the de-
velopment of HFC networks, all sub-
scribers in a region ultimately fun-
neled through the same 25 MHz of
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bandwidth back to the headend. With
50,000 to 100,000 subscribers on a sin-
gle trunk cable, the available band-
width was not sufficient to serve all
the potential users. Second, the 5-40
MHz frequency band available is sus-
ceptibie to ingress. The “upstream fun-
neling” effect of the tree-and-branch
network meant that all the ingress
from individual “branches” of the net-
work added together, resulting in an
extremely poor conumunications chan-
nel back at the headend. :

The HFC network architecture sub-
stantially overcomes hoth these limita-
tions. HFC archifectures segment the
network into groups of a few hundred
subscribers. Each subscriber’s share of
the 25 to 35 MHz of bandwidth is quite
high. Also, studies show what common
sense suggests. The ingress into the re-
turn band is easier to manage with
HFC networks, which have fewer
homes connected to the fiber-optic
trunk. Each node can be treated as if it
were a separate “mini” system. While
there are still troublesome frequency

bands, the availability of the return
channel for 500-home nodes is nearly
100%. Advanced modulation tech-
niques will further reduce the effects of
ingress. Published studies show that
smaller node sizes will enable the use
of QPSK and even 16-QAM formats.

It is quite practical to reduce the
size of the nodes below 500 homes. An
approach proposed by Time Warner
Cable is shown in Figure 7. Here, the
fiber is split four ways in the field to
individual nodes serving 125 homes
each. This quadruples the available
upstream bandwidth while maintain-
ing the same downstream bandwidth.
As demand for interactive services
grows further, HFC networks will
push fiber deeper still into the net-
work. Forward path transmission to
250 homes is envisioned, and “frequen-
cy stacking” node designs can quadru-
ple the upstream capacity again, pro-
viding in excess of 1.5 Mbps dedicated
upstream bandwidth for every home
passed. The trend toward more easily
managed ingress as node sizes drop
will further improve the return path
capacity, and it is clear that HFC net-
works can indeed provide extremely
high upstream bandwidth.

The accompanying table (page 38)
shows how the transition from FTTF
to fiber deep networks and eventually
frequency stacking networks results in
a steady increase in interactive band-
width, both in the forward and reverse
directions. The table entries are calcu-
lated in the case of 50% service pene-
tration. Given the “bursty” nature of
communications traffic, the instanta-
neous bandwidth to individual users
will be quite high. When analog TV
services drop back to a basic tier, the
downstream capacity could be doubled
again as most of the 750 MHz forward
spectrum is converted to digital sig-
nals.

Summary

HFC networks were made possible
by the development of “linear” fiber-
optic products that transmit RF signals
through standard single-mode optical
fiber. By eliminating the need for a dig-
ital decoder, HFC networks enormously
reduce the cost of supplying TV signals
for today’s broadcast analog video ser-
vices compared to digital network de-
signs. For future digital interactive ser-
vices, including telephony, HFC net-
works can evolve to fully interactive
networks with high-capacity down-
stream and upstream signal paths. CT
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By Andy Paff, Executive Vice President, Strategic Planning and Technology, Antec Corp.

HFC evolution, integration
with the public network

he late 1980s and early 1990s saw a revolution

in the use of fiber-optic technology in the cable

TV industry. Since then, the hybrid fiber/coax

(HFC) cable network has emerged as the pre-
ferred platform for delivering an array of video entertain-
ment channels to consumers. Today, the HFC platform is
more frequently cited as a key transport mechanism in
the delivery of video, voice, data and multimedia services
to consumers.

The HFC network offers an advantage from its initial
installation. HFC provides a scalable and easily migrato-
ry path that can deliver greater bandwidth capacity with
a lower capital investment than other technologies. The
cable industry increased initial HFC deployments as in-
creased channel capacity and new revenue streams de-
manded greater reliability and improved signal quality.
Since HFC also delivers digital signals in any type of digi-
tal modulation format, the platform provides broadband
operators with the ability to gracefully migrate to the all-
digital transport network in the future. This has prompt-
ed telephone companies to take a much harder look at
HFC’s capabilities to the home.

Figure 1: Phose |

“The HFC network offers
an advantage from its

initial i ation. ”

initial installation.”

. ® P E i d " N
B i o

Stk N

o2l

< = BN

Today, most state-of-the-art HFC systems are posi-
tioned at 750 MHz and deliver up to 80 analog video chan-
nels in the 50 to 550 MHz frequency range. The additional
200 MHz is being reserved for digital services. Nonactive
components, including broadband taps, splitters and con-
nectors now offer total bandpass of up to 1 GHz. Tradition-
al return path lies in the 5 to 40 MHz spectrum, though
additional return spectrum can be utilized between 750
MHz and 1 GHz if RF amplifiers (which cause degradation
to return signals) are eliminated from the network.

For the HFC network to be fully positioned for interac-
tive capabilities, the size of the areas served by fiber re-
mains a critical factor. Interactive services such as broad-
band telephony and data communica-
tions rapidly chew into the return path
capacity, which is currently limited to
about 25 MHz of the 5-40 MHz range.
With just 25 MHz available until the
coaxial portion of the HFC network be-
comes fully passive (by eliminating all
RF amplifiers), HFC systems that size
their optical nodes to 2,000 homes will
only allow about 25% of users in that
node to simultaneously use their tele-
phones, for example, before the 