TUTORIAL

FIBER OrTICS ENHANCE
WIRELESS BROADBAND
SYSTEM DEPLOYMENT

ireless broadband systems are a

perfect solution to today’s multime-

dia network requirements. Broad-
band channels provide multiple video channel
delivery, high speed Intemnet access, and voice
and computer network extensions, including
multichannel multipoint distribution systems
(MMDS] and local multipoint distribution or
communication systems (LMDS/LMCS).
These new systems provide most of the prop-
erties and performance needed for today’s ex-
panding information
transters.

“One solution to [m]” Few ;)!':th_’ms exist
with the basic technol-
headache can be found ogy — except at the in-

the (_'l]TIIPI{‘X]'lI't'N in-
volved in installing such
high frequency systems
is the location of the

in a product technology that =
hmgmwntobeamin@
in telephony and community

antenna television (m’v) o equipment since it im-
sy pacts ]ligh Ill‘l‘lillf’llf.'_\'

communication signal distribution.
G MMDS operates at 2.1

networks — fiber optics. to 2.5 Glz: LMDS/

LMCS operates at in-

termediate F‘I‘l"illll‘ﬂ(‘i[‘_‘&
of 100 MHz to 2.5 GHz (depending on the de-
sign’. With such high frequencies, RE loss
through the coaxial cable is a potentially big
problem. High RF cable losses, signal egress
and interference hamper svstem configuration
and affect equipment location choices.

One solution to this RF headache can be
{found in a product technology that has grown
to be a mainstav in h‘lc'p]mn_\ and community
antenna television (CATV) communication
networks fiber optics. Fiber is used exclu-

stallation site. One of

sively in telecommunications systems for long-
haul transmission and is working its way into
local loop applications. CATV now uses fiber
optics for super-trunk and distribution net-
works. Telecommunications uses digital fiber
systems, while CATV operators use analog
fiber-optic systems, Both technologies take ad-
vantage of fibers low signal loss characteristics
and enhanced svstem reliability.

Just as telecommunications and CATV have
L'al]!it.-lliz{’{l on the inherent positive character-
istics of fiber optics, so can broadband wire-
less svstems. In addition, while wireless fiber-
[)pri(-":nias_\'ﬁt(-mw are more closely related to
the CATV implementation (in that they use
direct analog modulation!, these new module
designs incorporate the particular features de-
manded by wireless hroadband svstems: high
!'r:-i11|:-|1&"_\"|1;trul_[\«-'i:lli1 {up to 2.5 GHzl; a high-
Iy linear, third-order response: easy integra-
tion into wireless designs: a wide operating
temperature range; and compact packaging,

One of the issues of MMDS and LMDS
system implementation is where to place the
RF modulation equipment. One ;1pprmu‘i| is
to place the modulators near the antennas.
This configuration is good in theorv but, in
practice, issues of maintenance and reliability
exist, The antennas may be located on a roof
0r, fp]ilz- often, on top of a tower; not an sy
place to be for Tong-term reliability or access
due to the harsh environment encountered.

The general philosophy of deploying such
RF-intensive hroadband antenna svstems
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& Fig. 1 DC-powered fiber-optic
transmit and receive modules.

Fig, 2 FC/APC and SC/APC
fiber-optic connectors. §

must involve placing little ectlipment
at the antenna (outdoors where na-
ture and the elements can abuse it or
where maintenance people must
struggle to reach it). However, this
configuration entails transpzmingl the
RF signal over a distance and, in
some cases, thousands of feet or even
kilometers.

FIBER-OPTIC TECHNOLOGY

A basic RF/fiber-optic subsystem
comprises a fiber-optic transmitter,
fiber-optic cable and connectors, and
a fiber-optic receiver.

The Fiber-optic Transmitter

The fiber-optic transmitter has a
50 Q RF input port (SMA-type con-
nector, for example} and a fiber-optic
output port. It functions as an RF-to-
fiber converter, as shown in Figure
1. A semiconductor laser diode is
used as the optical source in the con-
version. This laser has very high fre-
quency response and is highly linear.
Broadband matching cireuitry is used
to interface the RF system’s 50 Q im-
pedance to the laser diode’s 5 Q im-
pedance. Direct modulation is used
as the conversion process, that is, the
input signal level directly modulates
the lasers drive current. Therefore,
the transmitter’s optical output inten-
sity is directly proportional to the
voltage input.

This modulation technique is also
referred to as intensity modulation.
The most common lasers used have an
optical output at a wavelength of 1310
nm using proven laser technology de-
veloped for telecommunications and

CATV. The wavelength of these lasers
is beyond human eye capability, thus
the light is invisible. (Human eves can
detect from 400 (blue) to 750 nm
(red).) The 1310 nm wavelength is se-
lected to match the wavelength of
minimum loss in optical fiber.

The transmitter incorporates the
laser diode in a control circuit, which
maintains the proper operating con-
dition for the laser — actively com-
pensating its performance character-
istics over a wide operating tempera-
ture range. A bias supply circuit sets
the operating point of the laser. The
transmitter uses an internal optical
detector to monitor the npticar ont-
put of the laser and constantly and in-
stantaneously adjust the bias point,
These adjustments are made to as-
sure optimal linearity and maximum
lifetime of the transmitter, For in-
stance, as the ambient temperature
increases, the laser’s efficiency drops.
If a fixed bias drive was used, the op-
tical operating point would be set too
low at elevated temperatures and the
transmitter’s linearity wonld degrade.
The more advanced automatic optical
feedback circuit recognizes the drop
in efficiency, increases the bias oper-
ating current and assures the trans-
mitter is operating in its optimal lin-
ear region.

Fiber Cable and Connectors

The fiber-optic cable of choice is
single-mode ﬁ'|!:(-.-r. Single mode is the
same fiber used in high performance
telecommunications systems and
CATV networks. Only single-mode
fiber has the high bandwidth so often
touted when fiber opties are dis-
cussed. In contrast, multimode fiber
is lyE)icully used in low speed digital
Iocal area networks. It has neither the
bandwidth nor the low signal loss
characteristics of single-mode fiber,
Single-mode fiber provides a wave-
gui&e of 9 um (dia) that contains the
optical light injected into it by the
laser transmitter and allows for trans-
mission at extremely low loss for long
distances. The typical RF loss of fiber
cable is 1 dB/km compared with the
80+ dB/km for coaxial cable.

The most common fiber connec-
tors are FC/APC or SC/APC, as
shown in Figure 2. The FC and 5C
designations refer to the hasic design
of the connector (similar to SMA and
N types). FC is a screw-on connector

while SC is a push-and-click design.
Both designs provide a means to
mate two 8 pm cores of fiber with low
loss and high stability over time and
temperature. The APC suffix refers
to an angle-polished connector. The
tip of the connector is polished at an
8° angle. the optimal angle that re-
duces optical reflections at the con-
nector interface back into the laser
transmitter to below 60 dB. Optical
reflections returned to the laser giode
cause disturhances in the lasing re-
gion of the semiconductor cﬁlip.
which manifest themselves as an in-
crease in the noise floor and in-
creased distortion.

The Fiber-optic Receiver

The fiber-optic receiver performs
the reverse function to the transmit-
ter: Tt accepts an optical input and re-
converts it back to an RF signal. A
high linearity, low noise photodetector
is used to detect the optical signal and
convert it into an RF signal. Matching
circuitry and R gain stages boost the
signal to the desired levels,

Both the transmitter and receiver
rrmride monitors and alarms for en-
anced system features. The trans-
mitter has a laser monitor that con-
firms proper operating conditions for
the laser diode. If an internal set
point is exceeded, a visible light-emit-
ting diode is toggled on the module
itself. In addition, an open collector
output is switched for remote moni-
toring, Some transmitters have an in-
ternal thermo-electric cooler/heater
(Peltier type), which maintains the
temperature of the laser chiﬁa con-
stant. This temperature control guar-
antees consistent linear performance
over a wide operating temperature
range. Alarms are provided to assure
that the temperature is in the desired
range. The receiver provides a re-
ceived uptica[ monitor, a convenient
way to confirm that the proper
amount of light is reaching the optical
detector.

SYSTEM PERFORMANCE

The main goal of an RF/fiber-optic
link is to be as transparent as ible
in the network. For instance, the typi-
cal fiber-optic link is designed such
that the RF-to-RF gain (RF input at
the transmitter to RF output at the re-
ceiver} is 0 dB for short-distance links.
(Short in fiber speak means less than a
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kilometer.) Therefore, whatever is in-
put to the transmitter will be delivered
out of the receiver. This mode of oper-
ation makes system implementation
very convenient.

More important than the unity gain
performance, noise and linearity also
impact transparency. Table 1 shows
the performance of a typical fiber-optic
transceiver. An RF/fiber-optic link can
he modeled as an RF gain stage. It has
RF gain, input noise and linearity as
defined by a third-order intercept
point (IP3). Figure 3 shows how these
three RF parameters of a fiber-optic
link change with fiber distance. Once
these specifications are known, con-
ventional RF design techniques are
used to configure aﬁn wireless

fiber-optic system.

SYSTEM CONFIGURATION

4 shows the basic setup of a
bidirectional RF/fiber-optic system. In
a single antenna system, a duplexer is
used to filter the upstreams (U/S) and
downstreamns (1/S). The U/S path uti-
lizes a low noise amplifier, wﬁih dri-
ves the laser transmitter; the D/S re-
3uires a high power amplifier, which

the antenna. These com-
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M Fig. 4 A basic antenna and bidirectional fiber-optic
transceiver system.

ponents are selected as usual to set the
noise figure of the receiver (U/S) and
for the required transmitted signal
power level (D/S). If dual transmit and
receive antennas are used, the duplex-
er is omitted.

The main point that is often missed
when considering fiber optics is that
fiber does not transmit power, it can
only transmit the signal. The required

level must be re-established at
the antenna by power amplifiers. Re-
member, the fiber-optic link will out-

t the same RF level that was input
at thg headend. This level will only be
significantly impacted by optical split-
tegrz used in thepgger path or very long
fiber transmission distances. Addition-
al gain in the fiber-optic receiver can
compensate for the loss,

A good point to make at this time
is that RF/fiber-optic subsystems op-
erate indapend':g: of ti?;ybaseban&
modulation format. Whether analog
FM or a variety of digital formats is
used (such as quadrature phase-shift
keying, 64-quadrature amplitude
modulation {QAM} or 256-QAM ),
the fiber link can handle any scenario
because it directly transmits the RF
carrier. There is no RF manipulation

W Fig. 5 A broadband fiber and wirel

system.

of the signal or RF conversion of any
kind that would impact the baseband
modulation. Therefore, if several dif-
ferent modulation techniques are
employed — or as the system evolves
and improved modulation techniques
are incorporated — the same basic
link can be used.

Onee fiber is incorporated into the
wireless systemn, a slew of options (not
available previously) may be consid-
ered. These options inc{ude ground
station remoting and electromagnetic
interference iso%ation, fiber ing a
sectorized or cellularized antenna

em, liber remote antennas for RF
ill-in, o]im'cal signal splitting for dri-
ving multiple antennas or feeding a
single headend from multiple anten-
nas, and in-building distributed an-
tennas, As a tool to present all the po-
tential system configurations possible
in a broadband fiber-based system,
Figure 5 shows a multipoint distribu-
tion system that incorporates fiber
optics in a number of techniques.

CAPACITY

Fiber optics play a big role in ca-
paci?' extension. Sectorization and
cellularization are two common tech-




I ruroriaL

nigques 1 sed in extending capacity.
Sectorization is the technique where-
by the central antenna transmitter is
divided into several narrow beams for
RF channel re-use. The same RF
channel can be used in nonadjacent
antenna sectors, These antennas may
have 6, 12, 18 or more sectors. In a
conventional system configuration,
the modem for each sector is inte-
grated into the hub housing. This
configuration makes for an unwieldy,
overheated and crammed hub. The
more elegant approach is to use a
fiber transceiver at the hub to remote
each sector and locate the modems at
the headend where access is more
convenient. The fiber transceiver can
be made small, which minimizes RF
signal blockage at the antenma.
Cellularization, as the name im-
plies, is the technique whereby multi-
ple antenna hubs are located through-
out a geographical area. Capacity is
increased by re-using RF channels in
nonadjacent cells. Fiber-optic trans-

ceivers help by allowing the system
pr::\-‘idvr to ('l‘l'l||"il”_\' locate the base
station and fiber feed the antenna
farm from one site. This configuration
saves on climate-controlled rent space
and mak maintenance and svstem
upgrades a snap.

CONCLUSION

RF/fiber-optic transmission offers
many advantages in broadband wire-
less systems. RF/fiber-optic subsys-
tems have proven their field reliability
in high end communication svstems
such as telecommunications and
CATV. RF/fiber-optic transmission has
low RF loss for remoting modulation
equipment from the antenna, and is
independent of a modulation format
for carefree integration. The fiber-op-
tic modules are compact and offer a
conventional RF interface. Fiber
transmission is inherently immune to
RF interference. Fiber-optic trans-
ceivers designed for wireless applica-
tions deliver bandwidth and RF per-

formance such that they can provide
transparent {)p{‘mtim\ in existing or
new system installations. Fiber may
not r'f"plu{‘t' more conventional trans
mission means such as copper coax,
but in a growing number of applica-
tions and system installations when
factors such as future system upgrades
and system maintenance are consid-
ered, fiber is the most practical and ef-
ficient way to transport broadband
wireless signals, W
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