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Over the past few 
years, there 
has been a 
growing recog
nition that the 
use of RF and 
m i c r o w a v e 
sub-carriers 1 - 3 

is very effective 
for transmis
sion of broad 

band signals over optical fibers. This is 
particularly true of video distribution 
networks, for which digital technology 
is presently too expensive to be com
petitive. This paper reviews recent 
progress in multichannel subcarrier 
multiplexed (SCM) lightwave systems 
as applied to both video distribution 
and other broadband applications. 

A block diagram of a typical SCM 
system is shown in Figure 1. The elec
tronic transmitter consists of large 
number of RF or microwave oscillators 
that provide the carriers for either ana
log or digital baseband signals. The 
modulated electrical carriers are power-
combined, amplif ied, and used to 
modulate a wideband laser or external 
modulator. After transmission over 
single-mode fiber, a PIN or APD photo
detector and front-end electronic am
plifier are used to recover the transmit
ted electrical signal. Conventional RF 
or microwave electronics are used to 
select and demodulate the desired 
carrier signal. The term "subcarrier 
multiplexing" refers to the fact that pri
mary carrier frequency is the optical 
signal at 1014 Hz, while the subcarriers 
are the RF or microwave signals in the 
range of 105-10 Hz. 

The subcarriers can carry a wide va
riety of signals, including AM-VSB (the 
format used for terrestrial broadcasts 
and for CATV systems), FM video (used 
for satellite distribution of video), ASK, 
FSK, BPSK, QPSK or any other of the 
many modulation techniques used for 
RF and microwave transmission of digi
tal signals. SCM can thus draw upon an 
enormous base of RF, microwave, and 
digital electronics. SCM systems can 
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also exploit the wide bandwidths of 
e lectro-opt ic components , inc lud ing 
diode lasers, external modulators, and 
PIN photodiodes. In the last five years, 
components with bandwidths over 15-
20 GHz have been reported; devices 
with bandwidths exceeding 10 GHz are 
commercia l ly avai lable. S C M systems 
are also extremely flexible in their abil
ity to al locate the avai lable bandwidth 
among mult ip le users and to simulta
neously transport a wide variety of base
band signals for different applications. 

In c o m p a r i s o n to c o n v e n t i o n a l 
l ightwave systems, the biggest d isad
vantage of S C M systems is their rela
tively l imited optical link budgets. Forty-
channel AM-VSB links using DFB lasers 
have opt ical power budgets as low as 5-
7 dB. 4 , 5 Sixty-channel FM video links have 
power budgets in the 13-20 dB range. 2 , 6 

While these are adequate for many ap
pl icat ions, recent work has shown that 
opt ical ampl i f iers 7 , 1 0 and coherent de
tection 1 1 - 1 5 can successful ly overcome 
these l imitations. Opt ical ampli f iers are 
likely to become relatively low-cost com
mercial components by the mid-1990s 
and wil l effectively free S C M systems 
from many power budget l imitat ions. 

The remainder of this paper reviews 
some recent results reported for SCM 
systems, including the use of SCM for A M 
and FM video distribution systems, ex
ploratory work on the application of SCM 
to multigigabit/second transmission sys
tems, and power budget improvements 
achieved with optical amplifiers and co
herent detection. 

AM-VSB video transmission 
For local v ideo dist r ibut ion, AM-VSB is 

a t t r ac t i ve be
cause it is the 
format used by 
t e r r e s t r i a l 
b r o a d c a s t e r s 
and CATV oper
ators. Though 
the r e q u i r e d 
DFB laser trans
m i t te rs cost 
about$10Keach, 
AM-VSB is the 
least expensive 
way to transmit 
m u l t i c h a n n e l 
v i d e o s i gna l s 
over f iber because the signals are com
pletely compat ib le wi th existing TV sets 
and set-top converters. No additional-
expendi tures for format conve rs ion 
electronics are needed. 

The pr inc ipal disadvantage of AM
VSB systems is that a baseband CNR of 
about 50 dB (equivalent to a 50 dB 
weighted SNR) is required for trunk or 
feeder app l ica t ions . For an A M - V S B 
system carry ing 40 channels, this im
poses severe demands on the power-
current curve l ineari ty of d iode lasers 
and imposes a requirement for very 
low relative intensity noise (RIN). The 
requirement of RIN less than-150 dB /Hz 
makes it necessary to use DFB lasers 
rather than Fabry Perot lasers. A num
ber of manufacturers now offer 1.3 µm 
DFBs that are sat isfactory for 40-chan
nel AM-VSB transmission and can pro
v ide f iber-coupled signal of +3 to +7 
dBm. The received signals must be 
above -3 dBm to achieve a 50 dB CNR. 

A n alternative is the use of high power 
diode-pumped Y A G lasers wi th exter

na l m o d u l a 
tors. By dr iv ing 
the modulator 
through a pre
d is tor t ion c ir
cuit that com
p e n s a t e s for 
the highly non
l i nea r s i n ( V ) 
character ist ics 
of Mach-Zender 
modulators, 50 

AM-VSB channels have been transmit
ted wi th a CNR of 50 dB and a 11 dB link 
budget. 1 6 

The C A T V industry is deploying AM
VSB links to upgrade its coaxial cable 
facil i t ies using the fiber backbone sce
nar io 1 7 in Figure 2. By div id ing the CATV 
network into serving areas of several 
thousands of subscr ibers , fiber trunks 
can be used to del iver a 50 dB SNR to 
each serving area. This greatly reduces 
the length of electronic amplifier chains, 
increases the SNR del ivered to a sub
scr iber , and makes it easier to upgrade 
the system's channel capacity. 

FM video distribution 
FM video modulat ion is used today for 
satell i te d ist r ibut ion of v ideo signals, 
and the required electronics for tuners 
and demodulators are mass-produced 
for the direct broadcast satell i te (DBS) 
market. DBS receivers retail for about 
$200 and cost about $60-70 to manufac
ture. Wide deviat ion FM modulat ion, 
combined with pre-emphasis noise re
duct ion techniques, provides a 40 dB 
FM advantage. Thus, a 16 dB CNR, mea
sured relative to a 27 MHz IF band
wid th , produces a 56 dB weighted v ideo 
SNR. A 16 dB CNR is relatively easy to 
achieve in l ightwave systems. 

Using high frequency Fabry Perot la
sers, 60 and 120 channel FM systems 
have been repor ted 2 , 6 that achieve SNRs 
of 58 dB and link budgets of 13 dB. F M 
systems can generally use Fabry Perot 
lasers prov ided the modulat ion band-

FIGURE 2. The fiber backbone scenario for CATV systems" divides a CATV network 
into serving areas of several thousand subscribers and uses fiber trunks lines to 
directly transmit high quality AM-VSB video signals to each serving area. 

FIGURE 1. Block diagram of SCM lightwave system showing N modulated electrical 
subcarriers being power-combined and used to intensity modulate a high speed lasers. 
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width and resonance frequency are 1-2 
GHz greater than the maximum 
subcarrier frequency. The ability of FM 
systems to deliver a studio quality video 
signal can be a useful feature in the 
subscriber market. Presently available 
top-of-the-line TV sets accept baseband 
inputs and can provide an outstanding 
picture quality if a 56 dB SNR input is 
provided. While high definition televi
sion (HDTV), with twice the number of 
scan lines, may be needed for ultra
large screens (>60"), a 56 dB NTSC pic
ture accompanied by digital audio can 
provide a greatly improved viewing ex
perience on screens of 30" or less. 

SCM techniques can be applied to 
HDTV. Using 8.1 MHz baseband MUSE
HDTV, 34 FM-HDTV signals have been 
transmitted with a receiver sensitivity 
of -23 dBm. 1 8 While it is true that HDTV 
electronics is inherently digital, it is 
equally true that transmission of HDTV 
initially will be with compressed analog 
signals. Japan has adopted an 8 MHz 
standard, while in the United States the 
FCC has recently announced that ter
restrial broadcast of HDTV will use a 6 
MHz channel. Satellites will distribute 
analog HDTV using wide deviation FM. 
SCM technology will be able to use all 
the associated HDTV transmission 
electronics for lightwave transmission. 

While FM transmission of video sig
nals over fiber is already used for 
"supertrunks" connect ing CATV 
headends, some interesting networks 
have been proposed using FM for sub
scriber distribution. One proposal is 
for a 32-channel FM broadcast system 1 9 

that uses a passive optical network 
(PON) approach. A 25 MHz channel 
separation is used to transmit 32 TV 
channels in the 950-1750 MHz band. 
These are the IF frequencies commonly 
used for DBS receivers, and thus the 
transmitted 32-channel signal can be 
fed directly to a DBS receiver modified 
for the 25 MHz channel spacing. While 
such a 32-channel broadcast system is 
an attractive low-cost approach for the 
European market, the U.S. market, 
where 60-80 channel CATV systems are 
already in use, requires systems with 

greater channel capacity. 
Greater programming capacity can 

be achieved with switched systems. An 
interesting option for the U.S. market 
achieves a low-cost outside plant by 
combining a passive optical splitting 
and a fiber-to-the-curb topology for 
implementation of a switched FM video 
distribution system.20 Using recently 
developed broadband CMOS switching 
technology21 to switch FM signals on 70 
MHz carriers, it is likely that 256 pro
gram selections could be provided on 
each video access line. As shown in 
Figure 3, each primary distribution fi
ber can carry 64 video access lines plus 
16 1.5 Mb/s bidirectional data channels 
and can serve a total of 16 subscribers. 
Such a switched FM system also has the 
advantage of being easily upgradable 
to FM-HDTV, to digital video, and even 
to broadband integrated digital services 
on a customer-by-customer basis. 2 0 

Multi gigabit/second SCM 
Baseband TDM systems are the pre
ferred transport modes for long dis
tance and undersea systems, which de
mand outstanding signal quality and 
many stages of electronic regeneration. 

There are also requirements to provide 
multi-Gb/s signals between central of
fices or between central offices and 
remote nodes. TDM equipment operat
ing at 2.5 Gb/s (STS-48) will become 
commercially available in early 1991. 
To increase the capacity of each fiber 
beyond 2.5 Gb/s, it is possible to use 
either wavelength division multiplex
ing (WDM) or SCM. 

Since the cost of microwave trans
mitters for SCM systems is much less 
than the cost of frequency-stabilized 
DFB transmitters, multi-Gb/s SCM tech
nology may offer a practical alterna
tive. Recent results have demonstrated 
4 Gb/s QPSK transmission at -15 dBm 
on a single subcarrier, 2 2 and -20 dBm on 
two subcarriers. 2 2 It should be possible 
to extend this to higher data rates. 

Looking ahead 
While the receiver sensitivities cited 
above are adequate for many applica
tions, greater link budgets would ex
tend the range of applications. Both 
semiconductor and Er-doped fiber am
plifiers are useful components for over
coming power limitations.7-9 Two in-line 
semiconductor amplifiers have been 

FIGURE 3. The SCM broadband service network (BSN) provides four switched FM video access lines and a bi
directional 1.5 Mb/s data channel to each subscriber.20 Installed costs are kept low by using passive splitting, 
fiber-to-the-curb, and CMOS switching of FM video signals. 

November 1990 Optics & Photonics News 1 9 



used to increase the link budget of a 90-
channel FM system by 20 dB . 8 Six in-line 
Erbium amplif iers were used to increase 
the l ink budget of an 11-channel FM 
system to 100 dB and a 19-channel A M 
system to 45 dB.9 The use of opt ica l pre
amplif iers is also a t t rac t ive . 1 0 Semicon
ductor preampli f iers can offer about a 
10 dB improvement in S C M receiver 
sensit iv i ty 2 4 , 2 5 and fiber amplif iers can 
offer an improvement of about 15 dB. 

S C M techniques can be equal ly wel l 
appl ied to coherent systems. 1 1 - 1 5 A 
w ideband l i t h ium n iobate ex terna l 
phase modulator and narrow l inewidth 
diode-pumped Y A G lasers heterodyne 
detect ion have been used to achieve 
sensit iv i ty improvements of 14-15 dB 
for 60-channe l F M c h a n n e l s 1 2 and 
twenty 100 Mb/s FSK channe ls . " Co
herent SCM systems can also be built 
using relatively wide l inewidth DFB la
sers and a very s imple delay line circuit 
with filtering to cancel laser phase noise. 1 3 

In the coming decade, optical fiber 
technology is expected to revolut ion
ize the t ransmission of vo ice, data, and 
v ideo signals in the subscr iber loop. 
Whi le there is much debate on signal 
formats, archi tectures, and network to
pologies, S C M techniques offer the sys
tem designer a wide range of new options 
to consider. The S C M options may be 
used to supplement , or poss ib ly to 
supplant baseband techniques. 

At the same time, opt ica l ampli f iers 
are l ikely to become widely used, rela
t ively low-cost components. By the mid-
90s, opt ical amplif iers may become as 
inexpensive and as commonly used as 
lasers diodes. Many of the initial res
ervations concerning SCM systems fo
cused on the l imited power budgets. 
Opt ical amplifiers will provide a practical 
solution to this prob lem. 

Whi le the advantages of S C M trans
missions for v ideo dist r ibut ion are par
t icular ly clear, analog v ideo appl ica
t ions represent only the most obv ious 
of many possibi l i t ies. The mult ichan
nel capabi l i t ies and abi l i ty to simulta
neously accommodate a wide range of 
signal formats should be useful for many 
kinds of broadband local networks. 
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